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Figure 406-8 Regulation of adrenal aldosterone synthesis. AngII, angiotensin II; AT1R, angiotensin II receptor type 1; CYP11B2, aldosterone
synthase. (Modified after F Beuschlein: Regulation of aldosterone secretion: from physiology to disease. Eur J Endocrinol 168:R85, 2013.)
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ectopic ACTH syndrome is more frequently identified in men. Only
10% of patients with Cushing’s syndrome have a primary, adrenal
cause of their disease (e.g., autonomous cortisol excess independent of
ACTH), and most of these patients are women. Overall, the medical
use of glucocorticoids for immunosuppression, or for the treatment
of inflammatory disorders, is the most common cause of Cushing’s
syndrome.
Etiology In at least 90% of patients with Cushing’s disease, ACTH
excess is caused by a corticotrope pituitary microadenoma, often only
a few millimeters in diameter. Pituitary macroadenomas (i.e., tumors
>1 cm in size) are found in only 5–10% of patients. Pituitary corticotrope adenomas usually occur sporadically but very rarely can be
found in the context of multiple endocrine neoplasia type 1 (MEN 1)
(Chap. 408).
Ectopic ACTH production is predominantly caused by occult
carcinoid tumors, most frequently in the lung, but also in thymus or
pancreas. Because of their small size, these tumors are often difficult
to locate. Advanced small-cell lung cancer can cause ectopic ACTH
TABLE 406-1 Causes of Cushing’s Syndrome
Causes of Cushing’s Syndrome
ACTH-Dependent Cushing’s
Cushing’s disease (= ACTH-producing pituitary
adenoma)
Ectopic ACTH syndrome (due to ACTH secretion by bronchial or pancreatic carcinoid
tumors, small-cell lung cancer, medullary
thyroid carcinoma, pheochromocytoma and
others)
ACTH-Independent Cushing’s
Adrenocortical adenoma
Adrenocortical carcinoma
Rare causes: macronodular adrenal hyperplasia; primary pigmented nodular adrenal disease (micro- and/or macronodular); McCuneAlbright syndrome
Abbreviation: ACTH, adrenocorticotropic hormone.
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1:1
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4:1

10
5–10
1
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production. In rare cases, ectopic CRH and/or ACTH production has
been found to originate from medullary thyroid carcinoma or pheochromocytoma, the latter co-secreting catecholamines and ACTH.
The majority of patients with ACTH-independent cortisol excess
harbor a cortisol-producing adrenal adenoma; intratumor mutations, i.e., somatic mutations in the PKA catalytic subunit PRKACA,
have been identified as cause of disease in 40% of these tumors.
Adrenocortical carcinomas may also cause ACTH-independent disease and are often large, with excess production of several corticosteroid classes.
A rare but notable cause of adrenal cortisol excess is macronodular
adrenal hyperplasia with low circulating ACTH, but with evidence for
autocrine stimulation of cortisol production via intraadrenal ACTH
production. These hyperplastic nodules are often also characterized by
ectopic expression of G protein–coupled receptors not usually found
in the adrenal, including receptors for luteinizing hormone, vasopressin, serotonin, interleukin 1, catecholamines, or gastric inhibitory peptide (GIP), the cause of food-dependent Cushing’s. Activation of these
receptors results in upregulation of PKA signaling, as physiologically
occurs with ACTH, with a subsequent increase in cortisol production.
A combination of germline and somatic mutations in the tumorsuppressor gene ARMC5 have been identified as a prevalent cause of
Cushing’s due to macronodular adrenal hyperplasia. Germline mutations in the PKA catalytic subunit PRKACA can represent a rare cause
of macronodular adrenal hyperplasia associated with cortisol excess.
Mutations in one of the regulatory subunits of PKA, PRKAR1A,
are found in patients with primary pigmented nodular adrenal
disease (PPNAD) as part of Carney’s complex, an autosomal dominant multiple neoplasia condition associated with cardiac myxomas,
hyperlentiginosis, Sertoli cell tumors, and PPNAD. PPNAD can
present as micronodular or macronodular hyperplasia, or both.
Phosphodiesterases can influence intracellular cAMP and can thereby
impact PKA activation. Mutations in PDE11A and PDE8B have been
identified in patients with bilateral adrenal hyperplasia and Cushing’s,
with and without evidence of PPNAD.
Another rare cause of ACTH-independent Cushing’s is McCuneAlbright syndrome, also associated with polyostotic fibrous dysplasia, unilateral café-au-lait spots, and precocious puberty. McCuneAlbright syndrome is caused by activating mutations in the stimulatory
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