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Cushing’s syndrome, a potentially lethal disorder characterized by endogenous hypercortisolism, may be difficult to recognize, espe-
cially when it is mild and the presenting features are common in the general population. However, there is a need to identify the con-
dition at an early stage, as it tends to progress, accruing additional morbidity and increasing mortality rates. Once a clinical suspicion
is raised, screening tests involve timed measurement of urine, serum or salivary cortisol at baseline or after administration of dexa-
methasone, 1 mg. Each test has caveats, so that the choice of tests must be individualized for each patient. Once the diagnosis is es-
tablished, and the cause is determined, surgical resection of abnormal tumor/tissue is the optimal treatment. When this cannot be
achieved, medical treatment (or bilateral adrenalectomy) must be used to normalize cortisol production. Recent updates in screening
for and treating Cushing’s syndrome are reviewed here.
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INTRODUCTION

Cushing’s syndrome denotes pathologic hypercortisolism as a
result of excessive adrenocorticotropic hormone (ACTH) pro-
duction, or autonomous adrenal production of cortisol. This po-
tentially lethal disorder is associated with significant comorbidi-
ties, including hypertension, diabetes, coagulopathy, cardiovas-
cular disease, infections, and fractures. As a result, even after
cure of hypercortisolism, mortality rates may be increased. Be-
cause of this it is important to make the diagnosis as early in the
disease course as possible, to prevent additional morbidity and
residual disease [1].

In general, clinical features suggest the syndrome (Table 1).

However, many of these, for example weight gain and hyper-
tension, are common in the general population. As a result, cli-
nicians must use information about the tempo and duration of
signs and symptoms, as well as biochemical testing, to establish
the diagnosis of Cushing’s syndrome.

After establishing the diagnosis, its cause must be determined,
because the ideal treatment is surgical resection of the abnormal
tumor/tissue. If surgery is not possible or there is recurrent or
metastatic disease, medical therapy (or bilateral adrenalectomy)
is chosen to normalize cortisol levels [2]. Recent understanding
related to screening for and treating Cushing’s syndrome will be
reviewed here.
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Table 1. Signs and Symptoms of Cushing’s Syndrome

Systemic
Fatigue or hypomania (may alternate)
Growth retardation (in children)
Increased weight from baseline
Insomnia
Vivid dreams
Skin, adipose, hair
Abnormal adipose in dorsocervical, supraclavicular, temporal areas
Striae, especially if >1 cm width and purple
Thin skin, especially at <40 years

Hyperpigmentation, typically over joints, in scars, buccal and vaginal
mucosa and perioral

Hirsutism (women)

Balding (women)

Acne, especially if new

Poor wound healing

Increased bruising

Flushed ruddy face
Psychiatric/Cognitive

Accentuation of previous (or new) personality/psychiatric disorder

Increased irritability

Decreased memory

Decreased cognitive ability
Infectious

Increased number of infections
Metabolic/Renal

Glucose intolerance/diabetes

Increased incidence of stones
Cardiovascular/Thrombotic

Hypertension

Increased incidence cerebrovascular accident

Increased incidence myocardial infarction

Increased clotting

Edema
Reproductive

Decreased libido

Delayed or stuttering puberty (children)

Infertility

Hypogonadism
Opthalmologic

Central serous chorioretinopathy
Musculoskeletal

Proximal muscle weakness

Back pain

Decreased bone mineral density/fracture

Those that occur at an unusual age (fractures, hypertension, failure to
progress in puberty, memory and cognitive changes) are more likely to
reflect underlying hypercortisolism. Progressive accumulation of fea-
tures over time also is more suggestive than a few features at one point
in time.
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SUSPECTING AND SCREENING FOR
CUSHING’S SYNDROME

When to suspect Cushing’s syndrome

Cushing’s syndrome should be considered when a patient pres-
ents with signs and symptoms of the syndrome (Table 1) that
cannot be explained in another way [1]. Because many of the
features may cluster under a single diagnosis, it is very impor-
tant for subspecialists to look for features outside of their sub-
ject matter expertise, to avoid missing the diagnosis. Some ex-
amples:

(1) A young woman who desires pregnancy presents with a
relatively short history of hirsutism, acne, and oligomenorrhea.
The differential diagnosis includes polycystic ovarian disease
(PCOS). However, if other non-gynecologic features such as
new depression, easy bruising, and memory problems are asso-
ciated, the features cannot be clustered easily under “PCOS.”
Cushing’s syndrome is even more likely in the presence of fea-
tures that are unlikely in PCOS but indicative of Cushing’s syn-
drome, such as wide purple striae or proximal muscle weakness.

(2) A 50-year old man presents with 7 kg weight gain, new
hypertension and prediabetes in the context of reduced exercise,
a stressful job, and a family history of hypertension and diabe-
tes. A clinician might consider this to be essential hypertension
and the development of familial diabetes, at an expected time.
However, if the patient also discloses a recent pulmonary embo-
lism, or has multiple vertebral fractures, these unexplained and
unexpected features should prompt a larger differential diagnosis.

Cushing’s syndrome also should be considered when a patient
presents with signs and symptoms of the syndrome at a much
earlier age than would otherwise be expected (Table 1). This is
most helpful in young adults who present with osteoporosis, frac-
tures, or hypertension.

Cushing’s syndrome also should be considered when a patient
presents with severe signs and symptoms of the syndrome that
occur concurrently (within a few months) or when a patient con-
tinues to acquire more and more signs and symptoms over a pe-
riod of time (Table 1).

As examples, Cushing’s syndrome is likely in a man with a
3-month history of 15 kg weight gain, problems with cognition,
severe hypokalemia, and muscle weakness. On the other hand,
slow weight gain, changes in mood, insomnia, hypertension,
and diabetes also suggest the diagnosis.

Excluding exogeneous exposure to glucocorticoid(s)
Glucocorticoids are prescribed commonly via the oral, topical,
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rectal, or inhaled routes. Often, patients who receive injections
for joint or back pain are not aware that they have received a
potent glucocorticoid. These agents also are present in a variety
of non-prescription topical medications and “tonics.”

Of particular concern, is the use of “fair skin” preparations to
lighten skin, which may contain potent glucocorticoids that are
absorbed systemically and cause exogenous Cushing’s syndrome
[3]. Some products sold in the United Kingdom, Africa, and In-
dia have been documented to contain unlabeled glucocorticoid
[4]. The association of the use of skin bleaching cream with
possible development of Cushing’s syndrome is also a potential
concern in Asia, in which university student use has been re-
ported to range from 8% (Singapore) to 84% (Thailand) [5].
However, the steroid content of creams sold in these countries is
not clear. Until additional information is available, it is advis-
able to measure synthetic steroids (dexamethasone, clobetasol,
betamethasone, fluocinolone, hydrocortisone) in blood or urine
of individuals who appear Cushingoid who use these products.
Traditional herbal medicals may also contain glucocorticoids,
and their use should be evaluated in Cushingoid patients [6].

Screening tests for Cushing’s syndrome

A clinical practice guideline from the Endocrine Society recom-
mends use of at least two of three different screening tests: 24-
hour urine free cortisol (UFC) excretion, late night/bedtime sali-
vary cortisol levels and the 1 mg overnight dexamethasone sup-
pression test (DST; or alternatively the 2 mg 2-day DST) [1].
The screening tests all reflect different physiologic abnormali-
ties in Cushing’s syndrome: high integrated daily cortisol pro-
duction (UFC), loss of bedtime salivary or serum cortisol nadir,
and impaired response to glucocorticoid negative feedback. Thus,
they are complimentary, and the use of more than one test is ex-
tremely helpful, as the results generally should corroborate each
other. Other tests have not been widely validated for this use
(e.g., 0.5 mg DST, fractional overnight UFC), or are not widely
available (24-hour 17-hydroxycorticosteroid excretion), and are
not recommended.

The result of each cortisol screening test (saliva, serum, urine)
is considered normal if it falls within the normal reference range;
cortisol values 8 hours after administration of 1 mg dexametha-
sone at 2,300 to 2,400 hours should normally be <1.8 pg/dL (50
nmol/L). Because of this, prescribers of a screening test must
know about certain characteristics of the cortisol assay used to
measure the result, to avoid misinterpretation.

Cortisol may be measured by an immunoassay (e.g., radioim-
munoassay [RIA]) or a structurally-based assay (e.g., high per-
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formance liquid chromatography or mass spectrometry [MS/
MS]). The latter assays are specific for cortisol, without cross-
reactions seen in antibody-based assays. As a result, the upper
limit of normal for the structural assays is lower than that of the
antibody-based assays. In addition, reference ranges vary, even
within one “class” of assay techniques, so that results must be
interpreted with each assay’s reference range. Recent reports of
patients with mild Cushing’s syndrome and abnormal bedtime
salivary cortisol, but normal UFC, suggest that the cross-reac-
tivity inherent in immunoassays may help to better detect mild
cases [7].

As non-cortisol glucocorticoids may be detected as cortisol in
antibody-based assays, abnormal results may reflect systemic or
topical exposure to cross-reacting exogenous glucocorticoids(s).
Additionally, matrix effects may systematically alter the results.
For example, in one study salivary cortisol values measured in
the same sample were more often abnormal when using a RIA
than MS/MS [8,9].

Each test has important caveats, so that the choice of tests
should be individualized for each patient, to minimize false pos-
itive and false negative results (Table 2) [8,10-17]. Additional
measurements may help to verify that the test was done correct-
ly (Table 2, verifying the result). All tests rely on patient adher-
ence to instructions; ideally these should be given verbally and
provided as written material.

Also, mildly abnormal results may be found in a variety of
conditions in addition to Cushing’s syndrome, and these should
be excluded or taken into consideration when interpreting the
tests (Table 3) [18-23]. Hypercortisolemic patients with these
conditions often have some features consistent with Cushing’s
syndrome that are common in the general population, such as
weight gain, depression or hypertension. This overlap has been
termed “pseudo-Cushing’s syndrome” and may lead to misdiag-
nosis of Cushing’s syndrome. One approach to these patients is
to treat any underlying condition associated with non-pathologic
hypercortisolism, and evaluate whether the cortisol normalizes.
Generally, these patients do not show progression of signs and
symptoms consistent with Cushing’s syndrome when observed
over time, and often the mild elevation in cortisol remits.

RECENT CHANGES IN THE MANAGEMENT
OF CUSHING’S SYNDROME

General considerations
Cushing’s syndrome is associated with increased morbidity and
mortality, primarily as a result of coagulopathy (myocardial in-
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Table 2. Caveats and Restrictions for Tests Used to Screen for Hypercortisolism

Test Caveat

All tests

When can the test be used despite the caveat? Verifying the result

May be falsely normal in a patient with cyclic
Cushing’s syndrome [10,11]

If the pre-test probability is high based on history Review caveats for each test below
and physical examination, repeat testing at
intervals or when patient feels worst.

UFC May be falsely increased with fluid intake
>5 L/day [12]

May be falsely increased or decreased with
incorrect collection

If subjects reduce intake Measure volume; if volume is high, ask

about intake

Measure creatinine, which should be +
15% from day to day; check volume

Use with caution with GFR 30-50 mL/min:
accept as valid only elevated values.

Will be decreased in the setting of renal
impairment [13]

1 mg DST May be falsely normal in Cushing’s disease Measure dexamethasone; if in range
patients, presumably because of slow drug expected of an 8 mg dose, consider
metabolism [14] Cushing’s disease

May be falsely abnormal in patients with Fewest false positive results in patients not Measure dexamethasone level; if low,
elevated CBG (2° oral estrogen) or in those taking medications that interact with increase dose to achieve correct level
with fast metabolism of dexamethasone [8] CYP3A4[15] Measure CBG; if high discontinue

estrogen for 4-6 weeks

Salivary May be falsely abnormal in older men and If used in these populations, consider

cortisol women, and in hypertensive or diabetic accepting only normal results

patients [16,17]

May be falsely abnormal in individuals with
variable sleeping times (e.g., shift workers)

If used in this population, consider accepting
only normal results

UFC, urine free cortisol; GFR, glomerular filtration rate; 1 mg DST, 1 mg overnight dexamethasone suppression test; CBG, corticosteroid-binding
globulin.

- ) ) o is to normalize cortisol levels or its action at the receptors, and
Table 3. Conditions Associated with Hypercortisolism Not

Caused by Cushing’s Syndrome to treat any comorbid condition. As normalization of comorbidi-

ties may not occur quickly after cortisol levels are reduced, they

Condition Factors affecting hypercortisolism should be treated specifically (e.g., with antihypertensives or in-
Exercise Described in individuals exercising nearly sulin), while awaiting the results of evaluation and treatment [2].
daily at close to maximal VO, [18]
Hypothalamic Described in women under stress or after .,
amenorrhea weight loss [19] Causes of Cushing’s syndrome
Pregnancy Occurs in late second and third trimester [20] The causes of Cushing’s syndrome segregate into disorders of
Uitz cFabeias ACTH excess (either from a pituitary or non-pituitary [ectopic]

tumor) and disorders of ACTH-independent primary adrenal

Sleep apnea Seen in untreated subjects; remits with treat-

ment [21] overproduction of cortisol (adenoma, carcinoma, or bilateral mac-

Pain ronodular/micronodular hyperplasias), in which plasma ACTH

Alcoholism Associated with increased UFC and abnormal

DST[22]

values are low or undetectable.
After the diagnosis of Cushing’s syndrome is established, ACTH

Psychiatric disorders is measured as a first step to determine the cause. Those patients

Stress with low/undetectable values should next undergo adrenal gland

Extreme obesity

imaging with computed tomography and/or magnetic resonance
UFC, urine free cortisol; DST, dexamethasone suppression test.

imaging (MRI) to identify unilateral masses with adjacent and

contralateral atrophy or bilateral disease. Those with normal or

farction, stroke, pulmonary embolism) or infection [24], as well
as the sequelae of hypertension and diabetes [25]. These pre-
sumably result from cortisol excess. Thus, the goal of treatment
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elevated ACTH values should undergo additional testing, usual-
ly with pituitary MRI, inferior petrosal sinus sampling, cortico-
tropin releasing hormone, and/or 8 mg dexamethasone suppres-
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sion [26]. The reason for this additional testing is that the opti-
mal treatment of Cushing’s syndrome involves identification
and subsequent resection of abnormal ACTH- or cortisol-pro-
ducing tissue/tumor. This allows for remission of hypercorti-
solism and preservation of the normal hypothalamic-pituitary-
adrenal axis.

Alternatives to surgical resection of tumor

Surgical resection of the causal tumor is optimal [2]. Patients
with adrenal adenomas are almost always permanently cured by
resection of the tumor, as are those with bilateral adrenalectomy
for primary adrenal causes. However, patients with adrenal can-
cer and those with ACTH-dependent disorders may have locally
invasive disease or distant metastases, and those with ectopic or
pituitary ACTH-secreting tumors may remain occult after imag-
ing or at transsphenoidal exploration, respectively. When the tu-
mor cannot be fully resected, other alternatives must be consid-
ered to normalize cortisol.

Alternative treatments for all forms of Cushing’s syndrome
include blocking cortisol action at its receptor with a glucocorti-
coid antagonist, blocking cortisol synthesis with a steroidogene-
sis inhibitor or mitotane, or resection of both adrenal glands. Pi-
tuitary-directed medical treatments include the use of somatosta-
tin or dopamine analogs to reduce ACTH production. These are
discussed in more detail below. The use of chemotherapy for
adrenal cancer or some forms of ectopic ACTH secretion is not
considered further here.

Steroidogenesis inhibitors and glucocorticoid antagonists
Agents that block adrenal steroidogenesis at various enzymatic
steps have been available for many years, including metyrapone
(11B-hydroxylase), ketoconazole (side chain cleavage, 17-hy-
droxylase and 17,20-lyase, 11B-hydroxylase and aldosterone
synthase), and mitotane (11B-hydroxylase and cholesterol side
chain cleavage; with additional cytotoxic effects at high doses).
As monotherapy, their use and recommendations have been re-
viewed recently; they are effective in about 50% of patients [27].
There are few data on combined therapy, although this is com-
monly used, especially in patients with severe hypercortisolism
(see below).

Glucocorticoid receptor antagonists provide a different mech-
anism of action to reduce cortisol action. Korlym™ (mifepris-
tone, Corcept Therapeutics, Menlo Park, CA, USA) is U.S. Food
and Drug Administration-approved for the treatment of hyper-
glycemia in patients with Cushing’s syndrome based on reduc-
tion in area under the curve of an oral glucose tolerance test in
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49 patients, most of whom had Cushing’s disease [28].

Additional agents are in development, but have not yet been
approved for these indications. One such agent, LCI699 (osilo-
drostat), acts on 11B-hydroxylase, as does metyrapone. It was
initially evaluated in a 10-week proof-of-concept study in which
it normalized urinary free cortisol in 12 patients with Cushing’s
disease [29]. This study was extended in four patients, and an
additional 15 patients with baseline UFC more than 1.5-fold
normal were enrolled. Using a dose-escalation protocol, 79%
(15/19) patients had normal UFC at 22 weeks. The side effect
profile (hirsutism, acne, gastrointestinal, asthenia, and adrenal
insufficiency) was similar to that known to occur with metyra-
pone treatment [30]. A larger trial has begun.

A currently available agent, fluconazole, has similar inhibito-
ry effects as ketoconazole in the adrenal cortex in vitro [31] and
was reported to be effective in a single patient with Cushing’s
syndrome [32]. It has not undergone larger trials. The efficacy
of the levo enantiomer of ketoconazole (COR-OO3, Recorlev,
Strongbridge Biopharma, Trevose, PA, USA), is being studied
in two phase III trials (NCT01838551 and NCT03277690).

Medical treatments of Cushing’s disease

Recently, agents that target proopiomelanocortin (POMC) tran-
scription factors have been evaluated for their ability to reduce
ACTH production, and normalize cortisol. These include the
somatostatin analog pasireotide and the dopamine analog caber-
goline. Each of these agents normalized UFC in approximately
40% of subjects, with greater efficacy in those with milder hy-
percortisolism [33-35]. The efficacy of cabergoline improves
when given in combination with ketoconazole [36,37].

Another POMC transcription inhibitor, retinoic acid, has been
tested in small studies based on pre-clinical evidence of inhibi-
tion of ACTH secretion [38]. Five of seven patients with Cush-
ing’s disease showed a decrease in UFC and three of these had
normalization [39]. No combination treatment trials have been
undertaken.

CONTINUED CHALLENGES IN THE
MANAGEMENT OF CUSHING’S SYNDROME

Very severe hypercortisolism

Severe hypercortisolism carries a high risk for infections [23]
and thrombotic phenomena [40], and may be life-threatening. In
general, monotherapy is not effective in this setting. A few small
studies have investigated combination therapy, and suggest that
aggressive use of multiple agents may be effective. In one study
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of eleven such patients, mitotane, ketoconazole, and metyrapone
were all used and resulted in a rapid clinical and biochemical
response [41]. In a second study, ketoconazole and metyrapone
were used in combination to treat 22 patients with UFC. Ten of
14 patients with ectopic ACTH syndrome and seven of eight pa-
tients with adrenal cancer had normalization of UFC in 1 month
[42].

CONCLUSIONS

A careful history, judicious choice of screening tests and obser-
vation over time increase the chance of making the correct diag-
nosis of Cushing’s syndrome. When surgical resection of the
causal tumor/tissue is not possible, use of medical treatment to
reduce cortisol production or action may be life-saving.

CONFLICTS OF INTEREST

HRA Pharma provided research funding to National Institutes
of Health for investigation of metyrapone and mifepristone un-
der a Cooperative Research and Development Agreement.

ACKNOWLEDGMENTS

This study was funded by the intramural program of the Nation-
al Institutes of Health.

ORCID

Lynnette K. Nieman htps.://orcid.org/0000-0003-0534-8025

REFERENCES

1. Nieman LK, Biller BM, Findling JW, Newell-Price J, Sav-
age MO, Stewart PM, et al. The diagnosis of Cushing’s syn-
drome: an Endocrine Society Clinical Practice Guideline. J
Clin Endocrinol Metab 2008;93:1526-40.

2. Nieman LK, Biller BM, Findling JW, Murad MH, Newell-
Price J, Savage MO, et al. Treatment of Cushing’s syndrome:
an Endocrine Society Clinical Practice Guideline. J Clin En-
docrinol Metab 2015;100:2807-31.

3. Olumide YM, Akinkugbe AO, Altraide D, Mohammed T,
Ahamefule N, Ayanlowo S, et al. Complications of chronic
use of skin lightening cosmetics. Int J Dermatol 2008;47:344-
53.

4. Maneli MH, Wiesner L, Tinguely C, Davids LM, Spengane

144 www.e-enm.org

11.

Z, Smith P, et al. Combinations of potent topical steroids,
mercury and hydroquinone are common in internationally
manufactured skin-lightening products: a spectroscopic study.
Clin Exp Dermatol 2016;41:196-201.

. Peltzer K, Pengpid S, James C. The globalization of whiten-

ing: prevalence of skin lighteners (or bleachers) use and its
social correlates among university students in 26 countries.
Int J Dermatol 2016;55:165-72.

. Chong YK, Ching CK, Ng SW, Mak TW. Corticosteroid

adulteration in proprietary Chinese medicines: a recurring
problem. Hong Kong Med J 2015;21:411-6.

. Kidambi S, Raff H, Findling JW. Limitations of nocturnal

salivary cortisol and urine free cortisol in the diagnosis of
mild Cushing’s syndrome. Eur J Endocrinol 2007;157:725-
31

. Baid SK, Rubino D, Sinaii N, Ramsey S, Frank A, Nieman

LK. Specificity of screening tests for Cushing’s syndrome in
an overweight and obese population. J Clin Endocrinol Metab
2009;94:3857-64.

. Miller R, Plessow F, Rauh M, Groschl M, Kirschbaum C.

Comparison of salivary cortisol as measured by different
immunoassays and tandem mass spectrometry. Psychoneu-
roendocrinology 2013;38:50-7.

. Alexandraki KI, Kaltsas GA, Isidori AM, Akker SA, Drake

WM, Chew SL, et al. The prevalence and characteristic fea-
tures of cyclicity and variability in Cushing’s disease. Eur J
Endocrinol 2009;160:1011-8.

Atkinson B, Mullan KR. What is the best approach to sus-
pected cyclical Cushing syndrome? Strategies for managing
Cushing’s syndrome with variable laboratory data. Clin En-
docrinol (Oxf) 2011;75:27-30.

. Mericq MV, Cutler GB Jr. High fluid intake increases urine

free cortisol excretion in normal subjects. J Clin Endocrinol
Metab 1998;83:682-4.

. Chan KC, Lit LC, Law EL, Tai MH, Yung CU, Chan MH, et

al. Diminished urinary free cortisol excretion in patients with
moderate and severe renal impairment. Clin Chem 2004;50:
757-9.

. Findling JW, Raff H, Aron DC. The low-dose dexamethasone

suppression test: a reevaluation in patients with Cushing’s
syndrome. J Clin Endocrinol Metab 2004;89:1222-6.

. Valassi E, Swearingen B, Lee H, Nachtigall LB, Donoho DA,

Klibanski A, et al. Concomitant medication use can confound
interpretation of the combined dexamethasone-corticotropin
releasing hormone test in Cushing’s syndrome. J Clin Endo-
crinol Metab 2009;94:4851-9.

Copyright © 2018 Korean Endocrine Society



Cushing’s Syndrome Updates E n M

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Raff H, Raff JL, Duthie EH, Wilson CR, Sasse EA, Rudman
I, et al. Elevated salivary cortisol in the evening in healthy
elderly men and women: correlation with bone mineral den-
sity. J Gerontol A Biol Sci Med Sci 1999;54:M479-83.

Liu H, Bravata DM, Cabaccan J, Raff H, Ryzen E. Elevated
late-night salivary cortisol levels in elderly male type 2 dia-
betic veterans. Clin Endocrinol (Oxf) 2005;63:642-9.

Luger A, Deuster PA, Kyle SB, Gallucci WT, Montgomery
LC, Gold PW, et al. Acute hypothalamic-pituitary-adrenal
responses to the stress of treadmill exercise. Physiologic ad-
aptations to physical training. N Engl J Med 1987;316:1309-
15.

Biller BM, Federoff HJ, Koenig JI, Klibanski A. Abnormal
cortisol secretion and responses to corticotropin-releasing
hormone in women with hypothalamic amenorrhea. J Clin
Endocrinol Metab 1990;70:311-7.

Lindsay JR, Nieman LK. The hypothalamic-pituitary-adre-
nal axis in pregnancy: challenges in disease detection and
treatment. Endocr Rev 2005;26:775-99.

Kritikou I, Basta M, Vgontzas AN, Pejovic S, Fernandez-
Mendoza J, Liao D, et al. Sleep apnoea and the hypothalam-
ic-pituitary-adrenal axis in men and women: effects of con-
tinuous positive airway pressure. Eur Respir J 2016;47:531-
40.

Besemer F, Pereira AM, Smit JW. Alcohol-induced Cushing
syndrome. Hypercortisolism caused by alcohol abuse. Neth
JMed 2011;69:318-23.

Alwani RA, Schmit Jongbloed LW, de Jong FH, van der Lely
Al, de Herder WW, Feelders RA. Differentiating between
Cushing’s disease and pseudo-Cushing’s syndrome: com-
parison of four tests. Eur J Endocrinol 2014;170:477-86.
Sarlis NJ, Chanock SJ, Nieman LK. Cortisolemic indices
predict severe infections in Cushing syndrome due to ecto-
pic production of adrenocorticotropin. J Clin Endocrinol Metab
2000;85:42-7.

Clayton RN, Jones PW, Reulen RC, Stewart PM, Hassan-
Smith ZK, Ntali G, et al. Mortality in patients with Cushing’s
disease more than 10 years after remission: a multicentre,
multinational, retrospective cohort study. Lancet Diabetes
Endocrinol 2016;4:569-76.

Lacroix A, Feelders RA, Stratakis CA, Nieman LK. Cush-
ing’s syndrome. Lancet 2015;386:913-27.

Creemers SG, Hofland LJ, Lamberts SW, Feelders RA. Cush-
ing’s syndrome: an update on current pharmacotherapy and
future directions. Expert Opin Pharmacother 2015;16:1829-
44,

Copyright © 2018 Korean Endocrine Society

28

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

. Fleseriu M, Biller BM, Findling JW, Molitch ME, Schtein-
gart DE, Gross C, et al. Mifepristone, a glucocorticoid re-
ceptor antagonist, produces clinical and metabolic benefits
in patients with Cushing’s syndrome. J Clin Endocrinol Metab
2012;97:2039-49.

Bertagna X, Pivonello R, Fleseriu M, Zhang Y, Robinson P,
Taylor A, et al. LCI699, a potent 11B-hydroxylase inhibitor,
normalizes urinary cortisol in patients with Cushing’s dis-
ease: results from a multicenter, proof-of-concept study. J
Clin Endocrinol Metab 2014;99:1375-83.

Fleseriu M, Pivonello R, Young J, Hamrahian AH, Molitch
ME, Shimizu C, et al. Osilodrostat, a potent oral 11B-hydro-
xylase inhibitor: 22-week, prospective, phase II study in Cush-
ing’s disease. Pituitary 2016;19:138-48.

van der Pas R, Hofland LJ, Hofland J, Taylor AE, Arlt W,
Steenbergen J, et al. Fluconazole inhibits human adrenocor-
tical steroidogenesis in vitro. J Endocrinol 2012;215:403-12.
Riedl M, Maier C, Zettinig G, Nowotny P, Schima W, Luger
A. Long term control of hypercortisolism with fluconazole:
case report and in vitro studies. Eur J Endocrinol 2006;154:
519-24.

Pivonello R, Petersenn S, Newell-Price J, Findling JW, Gu F,
Maldonado M, et al. Pasireotide treatment significantly im-
proves clinical signs and symptoms in patients with Cush-
ing’s disease: results from a phase I1I study. Clin Endocrinol
(Oxf) 2014;81:408-17.

Colao A, Petersenn S, Newell-Price J, Findling JW, Gu F,
Maldonado M, et al. A 12-month phase 3 study of pasireo-
tide in Cushing’s disease. N Engl ] Med 2012;366:914-24.
Godbout A, Manavela M, Danilowicz K, Beauregard H, Bru-
no OD, Lacroix A. Cabergoline monotherapy in the long-
term treatment of Cushing’s disease. Eur J Endocrinol 2010;
163:709-16.

Barbot M, Albiger N, Ceccato F, Zilio M, Frigo AC, Denaro
L, et al. Combination therapy for Cushing’s disease: effec-
tiveness of two schedules of treatment: should we start with
cabergoline or ketoconazole? Pituitary 2014;17:109-17.
Vilar L, Naves LA, Azevedo MF, Arruda MJ, Arahata CM,
Moura E Silva L, et al. Effectiveness of cabergoline in mono-
therapy and combined with ketoconazole in the management
of Cushing’s disease. Pituitary 2010;13:123-9.

Paez-Pereda M, Kovalovsky D, Hopfner U, Theodoropou-
lou M, Pagotto U, Uhl E, et al. Retinoic acid prevents exper-
imental Cushing syndrome. J Clin Invest 2001;108:1123-31.
Pecori Giraldi F, Ambrogio AG, Andrioli M, Sanguin F, Kar-
amouzis I, Corsello SM, et al. Potential role for retinoic acid

www.e-enm.org

145




N EM

in patients with Cushing’s disease. J Clin Endocrinol Metab conazole combination therapy as an alternative to rescue ad-

2012;97:3577-83. renalectomy for severe ACTH-dependent Cushing’s syn-
40. van der Pas R, Leebeek FW, Hofland LJ, de Herder WW, drome. J Clin Endocrinol Metab 2011;96:2796-804.

Feelders RA. Hypercoagulability in Cushing’s syndrome:  42. Corcuff JB, Young J, Masquefa-Giraud P, Chanson P, Bau-

prevalence, pathogenesis and treatment. Clin Endocrinol din E, Tabarin A. Rapid control of severe neoplastic hyper-

(Oxf) 2013;78:481-8. cortisolism with metyrapone and ketoconazole. Eur J Endo-
41. Kamenicky P, Droumaguet C, Salenave S, Blanchard A, Ju- crinol 2015;172:473-81.

blanc C, Gautier JF, et al. Mitotane, metyrapone, and keto-

146 www.e-enm.org Copyright © 2018 Korean Endocrine Society



