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IMPORTANCE Cushing syndrome is defined as a prolonged increase in plasma cortisol
levels that is not due to a physiological etiology. Although the most frequent cause

of Cushing syndrome is exogenous steroid use, the estimated incidence of Cushing
syndrome due to endogenous overproduction of cortisol ranges from 2 to 8 per million
people annually. Cushing syndrome is associated with hyperglycemia, protein
catabolism, immunosuppression, hypertension, weight gain, neurocognitive changes,
and mood disorders.

OBSERVATIONS Cushing syndrome characteristically presents with skin changes such as facial

plethora, easy bruising, and purple striae and with metabolic manifestations such as
hyperglycemia, hypertension, and excess fat deposition in the face, back of the neck, and
visceral organs. Cushing disease, in which corticotropin excess is produced by a benign

pituitary tumor, occurs in approximately 60% to 70% of patients with Cushing syndrome due

to endogenous cortisol production. Evaluation of patients with possible Cushing syndrome
begins with ruling out exogenous steroid use. Screening for elevated cortisol is performed
with a 24-hour urinary free cortisol test or late-night salivary cortisol test or by evaluating
whether cortisol is suppressed the morning after an evening dexamethasone dose. Plasma
corticotropin levels can help distinguish between adrenal causes of hypercortisolism
(suppressed corticotropin) and corticotropin-dependent forms of hypercortisolism
(midnormal to elevated corticotropin levels). Pituitary magnetic resonance imaging, bilateral
inferior petrosal sinus sampling, and adrenal or whole-body imaging can help identify tumor
sources of hypercortisolism. Management of Cushing syndrome begins with surgery to
remove the source of excess endogenous cortisol production followed by medication that
includes adrenal steroidogenesis inhibitors, pituitary-targeted drugs, or glucocorticoid
receptor blockers. For patients not responsive to surgery and medication, radiation therapy
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and bilateral adrenalectomy may be appropriate.
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CONCLUSIONS AND RELEVANCE The incidence of Cushing syndrome due to endogenous

overproduction of cortisol is 2 to 8 people per million annually. First-line therapy for Cushing
syndrome due to endogenous overproduction of cortisol is surgery to remove the causative
tumor. Many patients will require additional treatment with medications, radiation,

or bilateral adrenalectomy.
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ushing syndrome results from prolonged elevation in

plasma cortisol due to either exogenous steroid use or to

excess endogenous cortisol production. The most com-
mon cause of Cushing syndrome is exogenous glucocorticoid use
from any administration route,! including topical or inhaled
glucocorticoids.? The estimated incidence of Cushing syndrome at-
tributable to endogenous production of cortisol ranges from
about 2 to 3 per million people? to 8 per million people annually.
The most common cause of endogenous Cushing syndrome is
Cushing disease, in which a benign pituitary adenoma overse-
cretes corticotropin.* Cushing syndrome from excess endogenous
cortisol production may be also caused by a benign or malig-
nant adrenal tumor that secretes cortisol or by a benign or malignant
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nonpituitary corticotropin-secreting tumor (ectopic Cushing syn-
drome). Less than 1% of people with Cushing syndrome have a tu-
mor that secretes corticotropin-releasing hormone (CRH).”

Elevated cortisol causes hyperglycemia, abnormal pro-
tein catabolism, immunosuppression, neurocognitive changes,
bone disorders such as osteoporosis, and mood disorders such as
depression.® Weight gain, hypertension, and hypokalemia are com-
mon nonspecific features of Cushing syndrome. Easy bruising,
purple striae, and facial plethora are common features that are
more specific to Cushing syndrome.”

This review summarizes current evidence regarding diagnosis
and treatment of Cushing syndrome due to endogenous overpro-
duction of cortisol (Box).5™°
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Cushing Syndrome-A Review

Box. Questions Commonly Asked About Cushing Syndrome

What are the most common causes of Cushing syndrome?

The most common cause of Cushing syndrome is use of exogenous
glucocorticoids taken orally, inhaled, administered as injections, or
used topically in creams and ointments. Cushing disease, caused
by a pituitary adenoma that secretes the cortisol precursor
corticotropin is the most common cause of Cushing syndrome due
to an endogenous cause.

Who should be screened for Cushing syndrome?

All patients with clinical features suspicious for hypercortisolemia
and patients with adrenal adenomas should be screened for
Cushing syndrome after excluding use of exogenous
glucocorticoids.

Which tests should be used to screen for Cushing syndrome?

Three tests are used to screen for elevated cortisol levels:

24-hour urinary free cortisol, late-night salivary cortisol, and
dexamethasone suppression testing. For both urinary free cortisol
and late-night salivary cortisol, 2 to 3 samples are needed.
Because all of these tests can produce false-positive and
false-negative results, most patients require more than 1test to
establish a diagnosis of Cushing syndrome. Imaging and

bilateral inferior petrosal sinus sampling are used to determine the
etiology of endogenous Cushing syndrome. They should not be
used for screening.

Methods

We searched MEDLINE, PubMed, and EMBASE for studies of
Cushing syndrome epidemiology, diagnosis, treatment, and com-
plications that were published in English between January 2000
and December 2022. The search was updated in March 2023.
Articles published between 2017 and 2023 were prioritized for
inclusion. We identified 2039 articles published since 2017 and
searched reference lists of articles identified for additional rel-
evant publications. We selected 115 articles for inclusion, including
12 clinical trials, 14 systematic reviews and meta-analyses, 6 clini-
cal practice guidelines or consensus statements, 33 general
review articles, and 50 articles from registry, cohort, and retro-
spective studies.

Epidemiology of Cushing Syndrome

The incidence of Cushing syndrome is not well defined.
Population-based studies from Sweden, Denmark, and Korea
reported that the incidence of endogenous Cushing syndrome
was approximately 2 to 3 per million people annually.>"""'3 The
incidence of Cushing syndrome may be higher in the US than in
other countries. For example, a health claims database study in
the US of patients younger than 65 years reported that the inci-
dence of Cushing disease was approximately 8 per million people
annually.® The number of people currently living with endoge-
nous Cushing syndrome is unknown. However, Cushing syn-
drome is believed to be underdiagnosed.>™™ The most common
age at diagnosis ranges from 30 through 49 years, but Cushing
syndrome can be diagnosed from the ages of 5 to 75 years.'>'®
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Because many symptoms of Cushing syndrome are nonspecific, it
is not uncommon for patients to report symptoms for up to 3
years before Cushing syndrome is diagnosed. The time between
symptom onset and diagnosis may be even longer for Cushing
disease." Pituitary and adrenal adenomas that cause endogenous
Cushing syndrome affect women approximately 3 to 4 times
more commonly than men, whereas ectopic Cushing syndrome
affects men and women similarly.2'>'#

|
Etiology and Pathogenesis of Endogenous
Cushing Syndrome

Among patients with Cushing syndrome stemming from excess
endogenous production of cortisol, Cushing disease is the underly-
ing cause in approximately 60% to 70% of patients, corticotropin-
independent adrenal production of cortisol is the underlying cause
in approximately 20% to 30% of patients, and ectopic paraneo-
plastic neuroendocrine tumors that secrete corticotropin are the
underlying cause in about 6% to 10% of patients (Figure 1).>'® Uni-
lateral adrenal adenoma or carcinoma and bilateral micronodular or
macronodular adrenal hyperplasia are the most common causes of
Cushing syndrome due to corticotropin-independent adrenal gland
production of cortisol 2819-24

Cushing Disease

Cushing disease is caused by corticotropin-secreting pituitary
adenomas that are typically benign and arise from a monoclonal
expansion of corticotroph cells in the anterior pituitary gland.?®
Approximately 90% are microadenomas, defined as less than
10 mm in diameter, and most are less than 6 mm.?%?” Macroadeno-
mas, 10 mm or more in diameter, account for 10% of corticotroph
adenomas.?”?8 Activating somatic gene variants of the ubiquitin-
specific protease 8 (USP8) gene are identified in about 21% to 60%
of adenomas?' and the USP48 gene is identified in about 6% to
12%,2° although their prognostic significance is unclear.>°

Ectopic Cushing Syndrome

Ectopic Cushing syndrome is predominantly caused by lung,
mediastinal, pancreas, and medullary thyroid neuroendocrine
tumors that secrete corticotropin. The source of the neuroendo-
crine tumor is undetected at presentation in approximately 8% to
19% of patients and may remain undetected for years, despite
serial imaging over time. Approximately 40% present with meta-
static disease.®! No somatic gene variants have been identified in
association with ectopic Cushing syndrome, although some are
associated with familial endocrine syndromes, such as multiple
endocrine neoplasia type 1.2°

Adrenal Sources of Cushing Syndrome
Adrenal sources of Cushing syndrome include unilateral cortisol-
producing adenomas, which are benign adenomas that originate in
the zona fasciculata of the adrenal cortex. Approximately 28% to
50% are associated with somatic gene variants in the catalytic sub-
unit of protein kinase A.2332

Adrenocortical carcinomas are rapidly growing malignant neo-
plasms with an estimated incidence of 1to 2 per million people
annually.3® They can occur at any age, but most commonly occurin
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Figure 1. Prevalence of Endogenous Cushing Syndrome
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hyperglycemia, abnormal protein catabolism,
and immunosuppression. Neurocognitive changes
and mood disorders may also develop over time.

Data are based on combined data involving 480 patients in the prospective
European Registry on Cushing's Syndrome (ERCUSYN) registry (2000-2010),”
1636 patients from a retrospective series in Beijing, China (2008-2017),'®

and 148 patients from the prospective Munich Cushing Registry (2012-2019)
(M.R. personal data).

adults aged 40 to 60 years and children younger than 5 years; 55%
to 60% occur in females. Tumors are typically 8 to 12 cm in diameter
at the time of diagnosis, but approximately 40% do not present with
clinically apparent hormone secretion. Distinct molecular cluster of
clusters (COC) subtypes are linked to outcomes; COC3, COC2, and
COC1have been associated with poor, intermediate, and better prog-
nosis, respectively.3*

Primary bilateral macronodular adrenal hyperplasia consists of
multiple bilateral adrenal macronodules larger than 10 mmin diam-
eter with hyperplasia and/or internodular atrophy detected on
imaging and is responsible for less than 1% of causes of endoge-
nous Cushing syndrome.3® Primary bilateral macronodular adrenal
hyperplasia typically occurs in adults older than 50 years. Inactivat-
ing germline variants in the tumor-suppressing armadillo repeat con-
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taining 5 (ARMC5) gene is present in approximately 21% to 55% of
patients with bilateral macronodular adrenal hyperplasia.?*

Micronodular adrenal hyperplasia occurs in approximately
2% of patients with Cushing syndrome, primarily in children and
young adults.?? Isolated micronodular adrenocortical disease is
nonpigmented on histology, which distinguishes it from primary
pigmented nodular adrenocortical disease. The latter is associated
with familial endocrine syndromes including Carney complex.

|
Diagnosis of Cushing Syndrome

Cushing syndrome is associated with signs and symptoms that in-
clude facial plethora, round face, dorsocervical fat pads, purple striae,
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Table 1. Clinical Signs and Symptoms of Cushing Syndrome and Common Laboratory Abnormalities®

Frequent and nonspecific for Cushing syndrome, %

Frequent and Cushing syndrome specific, %

Recent weight gain, 70-95
Plethora, 70-90

Oligo or amenorrhea, 70-80
Depression, 50-80
Hypertension, 60-90
Hirsutism, 50-75

Sleep disorders, =60
Dyslipidemia, 40-70
Decreased libido, 25-90

Cognitive impairment
(exact prevalence unknown)

Vitamin D deficiency
(exact prevalence unknown)

Less frequent and nonspecific to Cushing syndrome, %

Kidney stones, <50

Round face, <90
Osteopenia or osteoporosis and fragility fractures, <80
Muscle weakness, 60-80

Less frequent and Cushing syndrome specific, %

Dorsocervical fat pad, =50

Diabetes, =30 Purple striae, <50
Atherosclerosis, =30 Easy bruising, =50
Acne, <50 Thin skin, =40
Hair loss, 30

Laboratory abnormalities®

Increased leukocytes with decreased lymphocytes, eosinophils, monocytes, and basophils

Elevated glucose and insulin levels
Hypokalemia

Increased triglycerides and total cholesterol levels; high-density lipoprotein cholesterol levels are variable

Elevated liver enzymes

Changes in activated partial thromboplastin time and plasma concentrations of procoagulant and anticoagulant factors

in some patients

Hypercalciuria, more rarely hypocalcemia, hypophosphatemia, a decrease in phosphate maximum resorption and an
increase in alkaline phosphatase activity; elevated magnesium is extremely rare

2 Based on data from Braun et al” and
Pivonello et al.>®

bVaries based on severity of disease

easy bruising, thin skin, fragility fractures, and muscle weakness
(Table 1), but these signs and symptoms do not occur in all pa-
tients with Cushing syndrome.

In patients with possible Cushing syndrome, exogenous gluco-
corticoid use should be excluded, followed by appropriate diagnos-
tic testing. Abrupt discontinuation of long-term or high-dose exog-
enous glucocorticoids can induce adrenal insufficiency.

Patients with obesity, metabolic syndrome, polycystic ovary
syndrome, uncontrolled diabetes, and eating disorders such as
anorexia nervosa may present with mild increases in plasma corti-
sol (Table 2).3742 These conditions increase secretion of hypotha-
lamic CRH, which stimulates pituitary corticotropin secretion and
adrenal cortisol secretion, resultingin pseudo-Cushing syndrome.*®
Distinguishing pseudo-Cushing syndrome or nonneoplastic hyper-
cortisolism from Cushing syndrome can be difficult. Screening
for Cushing syndrome in all patients with diabetes is not rec-
ommended and would result in a large number of false-positive
results.>” No single symptom is pathognomonic for Cushing syn-
drome, and elevated plasma cortisol alone is insufficient to diag-
nose Cushing syndrome.

Testing for Cushing syndrome can be considered in select pa-
tients with clinical features strongly associated with Cushing syn-
drome (Table 1), such as osteoporosis and vertebral fractures, among
those younger than 50 years*®#” and those with incidentally iden-
tified asymptomatic adrenal tumors.*&->!

The diagnosis of Cushing syndrome requires biochemical
confirmation of hypercortisolemia, as well as the determination

jama.com

and sensitivity to glucocorticoids.

Table 2. Conditions Associated With Physiological, Nonneoplastic
Endogenous Hypercortisolism37-42

Cause of physiological
hypercortisolism

Depression

Prevalence
2.0%-10.4% in general population3°

Alcohol dependence 4.9% in general population®®

Glucocorticoid resistance Unclear, but probably seldom

Obesity 5%-12% in general population,
depending on country and age*?

Diabetes 6.4% in general population®1-43.44

Pregnancy 0.5%-1.5% of female population,

depending on country
Prolonged physical exertion Unclear
Malnutrition <40% in hospitalized patients3”

Cortisol binding globulin excess ~ Unclear

of the underlying cause of excess endogenous cortisol pro-
duction.8*>>2Management of Cushing syndrome is specific to its
etiology and an incorrect diagnosis can lead to inappropriate use of
medical therapy and/or surgical intervention.

Biochemical Evaluation of Endogenous Cushing Syndrome

Diagnostic test selection may be country or center specific based
on individual experience, local test performance, and patient-
specific considerations. A 24-hour urinary free cortisol test, 1-mg
overnight dexamethasone test,?#°>3 and late-night salivary corti-
sol measurement?®9>3-5> may all be used for initial diagnosis of
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Figure 2. Algorithm for the Diagnosis of Cushing Syndrome
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2-3 samples recommended due to intrapatient variability in consecutive samples:
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or discordant results on multiple tests
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* Combined 2-day DST-corticotropin releasing
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L Abnormal results J
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Biochemically confirmed Cushing syndrome

¢ Morning plasma corticotropin test

Corticotropin-independent Cushing syndrome

L >20 pg/mL J

L <10 pg/mL or 10-20 pg/mLb J—»

Adrenal adenoma

Primary bilateral adrenal hyperplasia

v

Corticotropin-dependent Cushing syndrome

* Magnetic resonance imaging of pituitary gland
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in diameter®
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<6 or <10 mm in diameter®

5 Cushing disease

v

« Bilateral inferior petrosal sinus sampling

Central peripheral corticotropin
ratio <2.0 before stimulation or
<3.0 after stimulationd

>3.0 after stimulationd

Central peripheral corticotropin
ratio 22.0 before stimulation or

Ectopic Cushing syndrome

After ruling out endogenous sources of excess glucocorticoids, screening for
endogenous hypercortisolism should be performed. In cases of abnormal test
results. Further testing distinguishes between corticotropin-independent
adrenal Cushing syndrome and corticotropin-dependent endogenous Cushing
syndrome, then between corticotropin-dependent pituitary Cushing disease
and ectopic Cushing syndrome. Recommendations are based on Fleseriu et al®
and Young et al.>®

2 Except cyclic Cushing syndrome.
b Plasma corticotropin levels of 10 pg/mL or more and less than 20 pg/mL as

well as elevated plasma corticotropin levels but less than 30 pg/mL after
stimulation with corticotropin-releasing hormone is suggestive of adrenal
Cushing syndrome.® To convert corticotropin from pg/mL to pmol/L, multiply
by 0.22.

€ For lesions ranging from 6 mm to 9 mm in diameter, expert consensus differs
on use of bilateral inferior petrosal sinus sampling.

d Stimulation with desmopressin or corticotropin-releasing hormone.

suspected endogenous Cushing syndrome (Figure 28> and
Table 3°7°%9). In patients with an adrenal adenoma, dexametha-
sone suppression is the preferred initial test.# A random cortisol
or corticotropin value is typically only useful in patients with se-
vere symptoms of Cushing syndrome or in patients who have
autonomous adrenal production of cortisol with corticotropin
suppression.>66162

JAMA July11,2023 Volume 330, Number 2

Up to 50% of patients have meaningful variability in consecu-
tive samples of late-night salivary cortisol measurement and 24-hour
urinary free cortisol test results.®* To diagnose Cushing syndrome,
2to 3 measures are recommended for each patient.® Two tests may
be sufficient to rule out Cushing syndrome in a patient with a low
likelihood of having it. For the dexamethasone suppression test,
1 mg of dexamethasone is given between 11 pM and midnight
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Table 3. Biochemical Screening Tests for Cushing Syndrome>”-¢°

Normal range

Test of cortisol®7:602 Testing principle

Sensitivity

How test is performed and specificity, % Other considerations

1 mg dexamethasone
suppression test

<1.8 pg/dL Endogenous
overproduction of
cortisol is not
suppressed by 1 mg of
dexamethasone;
dexamethasone is a
synthetic glucocorticoid
that does not have
cross-reactivity with the
cortisol immunoassay

Increased cortisol
excretion over 24 h

24-h urinary free
cortisol

20-80 pg/d (20-45 pg/d
in most laboratories)

Late-night salivary
cortisol

A normal salivary cortisol
concentration measured
at 11 pm is consistent
with normal circadian
rhythm; cut-off depends
on assay used

Elevated night-time
cortisol levels

Oral dexamethasone is
administered at 11 pm
and plasma cortisol is
measured between

8 AM and 9 Am the
following day

Sensitivity: 80-95
Specificity: 80-95

Oral estrogen

(eg, contraceptive pill)
may need to be stopped
for several weeks before
this test because
false-positive rates are
increased

If the patient does not
take the dexamethasone
or not absorbed, the
result will be a
false-positive test result;
therefore, dexamethasone
can also be measured in
some patients

Patients collect urine for
24 h starting with a
morning collection and
24-h cortisol and
creatinine are measured

Sensitivity: 45-71
Specificity: <100

Should be performed
2-3 times to improve
reliability

Impaired test
performance in
kidney failure

24-h creatinine is needed
to properly assess
adequacy of 24-h urine
collection

Salivary cortisol is
collected through a
cotton swab before
bedtime, usually
between 11 pm and
midnight

Sensitivity: 92-100
(varies by assay used)
Specificity: 85-100
(varies by assay used)

Should be performed at
least 2-3 times to improve
reliability of results

Sl conversion factor: To convert cortisol from pg/dL to nmol/L, multiply by 27.588.
2 Normal ranges are assay-dependent and are presented strictly for orientation.

to suppress endogenous corticotropin release and plasma cortisol
is measured at 8 AM to 9 AM the following morning. Test accuracy
can be improved for the dexamethasone suppression test by mea-
suring both cortisol and dexamethasone levels in the morning be-
tween 8 AM and 9 Am.>’

Clinicians should be familiar with the methods used for testing
at their institution and interpret results according to validated
diagnostic measures for that method. For example, diagnostic
biochemical thresholds established forimmunoassays cannot be ap-
plied to liquid chromatography mass spectrometry because refer-
ence ranges are method and assay dependent. Oral biotin supple-
mentation can interfere with test results when a biotin-avidin
separation method is used.>”-5°

For patients with multiple signs and symptoms of Cushing
syndrome and who have a high probability of Cushing syndrome,
2 different tests that demonstrated elevated cortisol levels can
establish a Cushing syndrome diagnosis.?>®°°” Conversely, 2 test re-
sults that fall within the range of normal typically exclude Cushing
syndrome 810

If clinical suspicion of Cushing syndrome is high but test results
are normal or yield inconsistent results on multiple tests, second-
line tests such as a desmopressin or dexamethasone-CRH test
should be performed. Desmopressin, a vasopressin analogue,
stimulates corticotropin secretion in patients with Cushing disease
and in some patients with neuroendocrine tumors.>® In contrast,
desmopressin does not meaningfully stimulate corticotropin secre-
tion in healthy subjects or in those with nonneoplastic, physiologi-
cal hypercortisolism.>? Dexamethasone-CRH testing (patients take
0.5 mg of dexamethasone every 6 hours for 2 days and 2 hours
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after the last dose of dexamethasone CRH is administered intrave-
nously) can distinguish Cushing disease from nonneoplastic
hypercortisolism.>2>>64 Rarely, patients may have cyclic Cushing
syndrome, in which bursts of hypercortisolism are followed by
days, weeks, or months of subnormal or normal cortisol secretion,
typically manifesting as 2 peaks and 1trough.®> The diagnosis can
be unclear in patients with mild hypercortisolism or cyclic Cushing
syndrome or when tests results are discrepant. In these patients,
repeat testing after 3 to 6 months is appropriate,®° and referral to
a specialist center is advisable.

Distinguishing Corticotropin-Dependent

and Corticotropin-Independent Cushing Syndrome

After establishing the presence of endogenous Cushing syndrome,
testing plasma corticotropin between 8 AM and 9 AM can distin-
guish a corticotropin-dependent from a corticotropin-independent
source (Figure 2). Suppressed morning corticotropin levels less
than 10 pg/mL (to convert corticotropin from pg/mL to pmol/L,
multiply by 0.22) on at least 2 tests performed on different days
indicates corticotropin-independent adrenal Cushing syndrome,
such as adrenal adenomas, primary bilateral adrenal hyperplasia, or
adrenal cancer. Normal or elevated morning plasma corticotropin
levels of 10 pg/mL or higher indicates corticotropin-dependent
Cushing disease or ectopic Cushing syndrome. Extremely elevated
levels, such as those exceeding 250 pg/mL, are more common in
patients with ectopic Cushing syndrome than in Cushing disease,
but there is substantial overlap in corticotropin values between the
2 conditions. Morning plasma corticotropin levels in the range of
10 pg/mL and 20 pg/mL are indeterminate (inconclusive)®©® and
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may indicate that adrenal steroid production is inadequate to fully
suppress corticotropin.

Differentiating Between Cushing Disease
and Ectopic Cushing Syndrome
If corticotropin-dependent Cushing syndrome is confirmed and mag-
netic resonance imaging (MRI) shows pituitary adenoma, guide-
lines suggest bilateral inferior petrosal sinus sampling if the pitu-
itary adenomais less than 6 to 10 mm in diameter.2€ However, due
to cost, invasiveness, and availability, some centers restrict this test
to patients with inconclusive biochemical tests and/or imaging
studies.®” Although bilateral inferior petrosal sinus sampling is the
best practice for localizing the corticotropin excess source to the pi-
tuitary, it should not be used for patients without previously con-
firmed corticotropin-dependent Cushing syndrome.2®

As an alternative to bilateral inferior petrosal sinus sampling,
stimulation with CRH and/or desmopressin, and rarely a high-dose
dexamethasone test, may be used to differentiate Cushing disease
from ectopic Cushing syndrome.282°53-55:5768 |4 this setting, tests
are based on the principle that corticotropin-secreting pituitary ad-
enomas respond to stimulation with CRH or desmopressin by in-
creasing corticotropin production®7° and respond to dexameth-
asone by reducing corticotropin production.®® In contrast,
corticotropin levels in patients with ectopic Cushing syndrome re-
main unchanged with stimulation by CRH or desmopressin®® or in
response to dexamethasone.

Diagnostic Imaging

Pituitary MRI

Corticotropin-secreting corticotroph adenomas are typically small
lesions less than 6 mm in diameter that can be visualized on high-
resolution 1.5 T or 3.0 T gadolinium-enhanced MRI. Among 159 pa-
tients with confirmed Cushing disease, 46% had microadenomas on
pituitary MRI, 9% had macroadenomas, 23% had possible lesions
detected, and 23% had a normal MRl finding.® During follow-up and
with more advanced imaging modalities, more than 70% of pa-
tients had a definite or probable abnormal MRI finding. Artifacts and
nonfunctioning microadenomas should also be considered if ad-
enomas smaller than 6 mm are seen on MRI.

Diagnosing Ectopic Cushing Syndrome

More than 70% of patients with established ectopic Cushing syn-
drome have a neuroendocrine tumor above the diaphragm, and 20%
to 40% have a neuroendocrine tumor in the chest.>® Thus, initial
imaging should consist of computed tomographic (CT) evaluation
of the neck, thoracic cavity, and abdomen.?? Lung neuroendocrine
tumors are typically peripheral, small round lesions proximal to the
bronchi, and bronchial neuroendocrine tumors account for most oc-
cult lesions not visible on imaging.>® In patients with occult tu-
mors, repeat pituitary high-resolution gadolinium-enhanced MRl is
needed to identify a possible pituitary source of corticotropin
hypersecretion.”

Cervical and thyroid ultrasonography can be used to identify pri-
mary or metastatic medullary thyroid carcinoma. Functional imaging
with a gallium 68 dotatate positron emission tomographic (PET) scan,
which has higher sensitivity for detecting tumors than do CT scans,
candetect lesionsin 60% to 75% of all patients with ectopic Cushing
syndrome, but it is not widely available.” Fluourodopa F 18 PET scans
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can be used for corticotropin-producing paragangliomas and pheo-
chromocytomas, and fluorodeoxyglucose F 18 PET scans are useful
for identifying rapidly proliferating neuroendocrine tumors. Repeat
imaging after 6 to 12 months may be needed if initial test results are
negative for localizing tumors.>®

Adrenal Imaging

Unilateral adrenal adenomas are usually small, with native fat equiva-
lent density values less than 10 Hounsfield units (HU) and rapid con-
trast washout on contrast-enhanced CT scans. Adrenocortical car-
cinoma has an inhomogeneous tissue pattern with necrosis,
calcifications, and more than 10 HU on unenhanced CT scans and
with delayed contrast washout. Primary bilateral macronodular ad-
renal hyperplasia has pathognomonic nodules with an appearance
like clusters of grapes in both adrenal glands on adrenal CT imaging
and hyperplastic or atrophic adrenal cortex between nodules.” Ap-
proximately 30% of patients with micronodular adrenal hyperpla-
sia have adrenal glands that appear normal on a CT scan. Alterna-
tively, the CT may show slightly hyperplastic adrenal glands with
micronodules, usually smaller than 6 mm in diameter.

|
Management

For patients with endogenous Cushing syndrome, the primary aim
of therapy is complete resection of the underlying tumor.

Monitoring for biochemical remission with 24-hour urinary free
cortisol, dexamethasone suppression, and late-night salivary corti-
sol testing is important because clinical manifestations may lag be-
hind biochemical evidence.

In case of recurrence or if primary surgery is not feasible, medi-
cal therapy, radiation therapy, and adrenalectomy are potential thera-
peutic options (Figure 3). An individualized approach, taking pa-
tient values and preferences into consideration, is recommended.®74

Surgery
Transsphenoidal pituitary surgery with selective adenomectomy is
the primary therapy for Cushing disease (Figure 3).8747> Median bio-
chemical remission rates after transsphenoidal surgery are approxi-
mately 80% in specialized centers.”®”” Postoperative complica-
tion rates such as anterior hypopituitarism, diabetes insipidus,
and cerebrospinal fluid leak occur in less than 20% of patients.
Central adrenal insufficiency develops postoperatively in all pa-
tients who are in remission and frequently persists for more than
1year, requiring supraphysiological glucocorticoid doses followed
by slow tapering to avoid glucocorticoid withdrawal syndrome”®
and secondary adrenal insufficiency.”®”° Life-long clinical and bio-
chemical follow-up is recommended for early detection of ad-
enoma recurrence. Repeat surgery can be considered for select
cases, if the adenoma is visible and remission could be achieved.
Bilateral adrenalectomy is infrequently performed because it re-
quires permanent glucocorticoid and mineralocorticoid replace-
ment and because adrenalectomy may stimulate pituitary ad-
enoma growth because of loss of corticotropin-cortisol feedback.
This phenomenon is known as corticotroph tumor progression or
Nelson syndrome 874

For patients with ectopic Cushing syndrome, tumor resection
including removal of locoregional lymph nodes is the treatment of
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Figure 3. Algorithm for Treatment of Corticotropin-Dependent Cushing Syndrome

Biochemically confirmed Cushing syndrome

¢ Determine urgency of treatment

« Evaluate patient for severe comorbidities
including diabetes, infections, hypertension,
myopathy, and psychosis

Ectopic Cushing syndrome

¢ Chest and abdomen computed tomography imaging
« Functional imaging (eg, PET scan, DOTATATE scan)

Cushing disease

* Transsphenoidal pituitary surgery with selective
adenomectomy (TSS)

L Evidence of tumor J L No evidence of tumor J L No remission J L Remission J
e Tumor and lymph node resection ‘ Annual

L RO resection J LRI/Z resectionJ

| '

surveillance

A

Consider adjuvant

Individualized adjuvant treatment for corticotropin-dependent Cushing syndrome

chemotherapy
for G2/G3 tumors Ectopic Cushing syndrome Cushing disease
¢ Medical therapy: adrenal steroidogenesis inhibitors Medical therapy: somatostatin receptor ligands,
Annual or glucocorticoid receptor blockers adrenal steroidogenesis inhibitors, or
surveillance Local ablation glucocorticoid receptor blockers

Radiotherapy with peptide nucleotide therapy

(eg, lutetium-177 dotatate)
Bilateral adrenalectomy

Repeat TSS
Radiosurgery
Bilateral adrenalectomy

|

|

Repeat imaging
Regular monitoring and surveillance

Recommendations are based on Fleseriu et al® and Young et al.>® PET indicates positron emission tomography.

choice but is feasible only when the tumor is identified on imaging
and can be safely resected (Figure 3). Surgical success rates for total
tumor resection and biochemical remission of Cushing syndrome
vary from a low of 30% to a high of nearly 60%, depending on the
type of neuroendocrine tumor, severity of hypercortisolism, pres-
ence of metastases, and other factors.®8° Bilateral adrenalec-
tomy is often recommended for patients with severe ectopic Cushing
syndrome because it has an immediate effect on relieving hyper-
cortisolism and can stabilize the patient, facilitating later oncologi-
cal treatments. But risks of intraoperative complications are higher
among these patients.>®

Laparoscopic adrenalectomy is the established treatment for
Cushing syndrome induced by unilateral benign cortisol-producing
adenomas and is associated with low morbidity (3%-7%) and mor-
tality (= 0.5%) rates®"®2 but requires perioperative and postopera-
tive glucocorticoid replacement therapy because of corticotropin
suppression and central adrenal insufficiency.2 Open surgery with
locoregional lymphadenectomy is the standard approach for pa-
tients who may have adrenocortical carcinoma.®* In primary bilat-
eral macronodular adrenal hyperplasia, laparoscopic bilateral adre-
nalectomy is standard care. Unilateral resection of the adrenal gland
with the larger tumor has been advocated in asymmetric primary
bilateral macronodular adrenal hyperplasia®>#® and for some pa-
tients with primary pigmented nodular adrenal disease®” to avoid

jama.com

the lifelong requirement for glucocorticoid replacement and the risk
of adrenal crisis, which manifests as hypotension, circulatory shock,
and premature death.

Medical Therapy
When surgical therapies have failed or are not feasible, medi-
cal therapy has been increasingly used for all types of endogenous
Cushing syndrome as symptomatic treatment to control hyper-
cortisolism. Inhibitors of adrenal steroidogenesis are an estab-
lished treatment for hypercortisolism in patients with all forms of
endogenous Cushing syndrome,®”# especially among patients who
are not candidates for surgery or who have persistence or recur-
rence of the underlying tumor.* Osilodrostat is approved in the US
for Cushing disease and levoketoconazole is approved in the US for
Cushing syndrome. Ketoconazole, metyrapone, and osilodrostat are
approved in Europe and other regions for Cushing syndrome.
Mitotane is approved for adrenal cancer.*® Ketoconazole, metyra-
pone, and etomidate have been used off-labelin the US for all forms
of Cushing syndrome.+&74.88-92

Due to their efficacy and rapid onset of action, these agents
can be used for both long-term and acute treatment of life-
threatening hypercortisolism such as in patients with immunosup-
pression and sepsis (eTable in the Supplement).*&74 Within this
steroidogenesis inhibitor class of drugs, osilodrostat is the most

4,874
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potent in decreasing cortisol, but symptoms consistent with pos-
sible adrenal insufficiency may occur in almost half of the pa-
tients.>® Doses should be increased slowly and close observation is
needed.*#93°4 Mitotane is the preferred drug for patients with
adrenocortical carcinoma.”

Therapies specific for Cushing disease, including the somatosta-
tin receptor ligand pasireotide®>°® and cabergoline, adopamine D,
receptor agonist, which is not approved by the US Food and Drug
Administration for this indication,”°® have lower efficacy than ste-
roidogenesis inhibitors in decreasing cortisol but could be useful for
patients with macroadenomas.®® Hyperglycemia with pasireotide
occursinas many as 80% of patients,®® soincreased awareness and
prompt treatment is needed.®

The glucocorticoid receptor antagonist mifepristone was ap-
provedin the US for treatment of hyperglycemia in adult patients with
endogenous Cushing syndrome who have diabetes or glucose
intolerance.™® Cortisol levels cannot be used to monitor effective-
ness of mifepristone because the drug acts at the glucocorticoid re-
ceptorand does not affect cortisol secretion. The drugis titrated based
on clinical and biochemical consequences of cortisol excess, includ-
ing hyperglycemia and body weight. Overtreatment can lead to ad-
renal insufficiency and cortisol cannot be used for diagnosis of adre-
nal insufficiency in these cases. Treatment of adrenal insufficiency
requires higher doses of glucocorticoids (2-4 mg dexamethasone).

Many patients, especially those with ectopic Cushing syn-
drome and adrenocortical carcinoma, require combination medi-
cal therapy, such as with multiple adrenal steroidogenesis inhibi-
tors simultaneously.3>°°

Neuroendocrine tumors may be treated with chemotherapy
and/or the somatostatin receptor ligands octreotide or lanreotide
in conjunction with adrenal steroidogenesis inhibitors.>® For adre-
nocortical carcinomas, mitotane can be given with a chemo-
therapy regimen of etoposide, doxorubicin, and cisplatin.®*

Radiation Therapy

Radiation can be used as adjuvant treatment for patients with
endogenous Cushing syndrome who do not achieve remission
with surgery.8'°" In Cushing disease, stereotactic radiation to the
remaining pituitary tumor is highly effective in an estimated 92%
of patients.81°" Treatment with stereotactic radiation attains bio-
chemical remission and reduces cortisol levels more quickly than
conventional radiation, but biochemical remission at 5 years is
only 50% to 65%.8'°" Approximately 20% develop new-onset
hypopituitarism.°!

For patients with metastatic neuroendocrine tumors and ecto-
pic Cushing syndrome, radiation therapy is most frequently admin-
istered as systemic radiotherapy with peptide nucleotide therapy
(eg, lutetium-177 dotatate).'®? Although radiation is not routinely
used in adrenocortical carcinoma, in a retrospective observational
study from a single center, the 3-year overall survival rate was 49%
among 39 patients treated only with surgery and 78% among 39
matched patients treated with radiation to the pituitary tumor bed
after resection.'>
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|
Prognosis, Morbidity, and Mortality

Return of the hypothalamic-pituitary-adrenal axis function to nor-
mal after curative surgery varies according to the etiology of the dis-
order. For example, time to normalization of hormone levels was a
median of 0.6 years for those with ectopic Cushing syndrome, ame-
dian of 1.4 years for patients with Cushing disease, and a median of
2.5 years for patients with adrenal Cushing syndrome.'®* Recur-
rence of hypercortisolemia after curative treatment with transsphe-
noidal surgery occurred in up to 35% of patients with Cushing dis-
ease and more rarely in those with ectopic Cushing syndrome and
bilateral adrenal disease after unilateral adrenal surgery.'®®

Sustained hypercortisolemia can lead to psychiatric disorders
such as depression and anxiety disorders. Other consequences
of hypercortisolemia include diabetes, hypertension, hyper-
coagulopathy,’®® hypokalemia, infections,'®” dyslipidemia, skel-
etal fragility or osteoporosis,'®® poor physical fitness, and proximal
myopathy.364419° Additionally, patients with Cushing disease can
also have hypogonadism, growth hormone deficiency, and central
hypothyroidism.8-221° |n a Swedish registry study of 502 pa-
tients with Cushing disease, the standardized incidence rate for sev-
eral complications was high within a 3-year period before the diag-
nosis: myocardial infarction, 4.4 (95% Cl, 1.2-1.4); fractures, 4.9 (95%
Cl, 2.7-8.3); and deep vein thrombosis, 13.8 (95% Cl, 3.8-35.3).™

Mortality is increased in patients with endogenous Cushing
syndrome even after remission.”’?"'* In a meta-analysis of 14
articles including 3691 patients, the number of deaths reported
was 3-fold higher than the expected number of deaths in an age-
and sex-matched population (standardized mortality ratio, 3.0
[95% Cl, 2.3-3.9; * = 80.5%]; absolute rates not provided).™ In a
separate analysis of 87 articles including 19 181 patients, atheroscle-
rotic disease, thromboembolism, and infection were the cause of
death among 56% of patients."™

Limitations

This review has several limitations. First, article quality was not
formally evaluated. Second, few randomized clinical trials were
available to inform treatment guidelines. Third, the literature
search may have missed some relevant articles. Fourth, the litera-
ture search was limited to English-language articles. Fifth, some
recommendations are based on expert opinion, which may be
subject to bias.

. |
Conclusions

The incidence of Cushing syndrome due to endogenous overpro-
duction of cortisol is 2 to 8 per million people annually. First-line
therapy for Cushing syndrome due to endogenous overproduction
of cortisol is surgery to remove the underlying tumor. Many pa-
tients will require additional treatment with medications, radia-
tion, or bilateral adrenalectomy.
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