Clinical Manifestations The clinical features of hypercortisolemia are
detected in only a small fraction of patients with documented ectopic
ACTH production. Patients with ectopic ACTH syndrome generally
exhibit less marked weight gain and centripetal fat redistribution,
probably because the exposure to excess glucocorticoids is relatively
brief and because cachexia reduces the propensity for weight gain and
fat deposition. The ectopic ACTH syndrome is associated with several
clinical features that distinguish it from other causes of Cushing’s
syndrome (e.g., pituitary adenomas, adrenal adenomas, iatrogenic
glucocorticoid excess). The metabolic manifestations of ectopic ACTH
syndrome are dominated by fluid retention and hypertension, hypokalemia, metabolic alkalosis, glucose intolerance, and occasionally
steroid psychosis. The very high ACTH levels often cause increased
pigmentation, and melanotrope-stimulating hormone (MSH) activity derived from the POMC precursor peptide is also increased. The
extraordinarily high glucocorticoid levels in patients with ectopic
sources of ACTH can lead to marked skin fragility and easy bruising. In addition, the high cortisol levels often overwhelm the renal
11β-hydroxysteroid dehydrogenase type II enzyme, which normally
inactivates cortisol and prevents it from binding to renal mineralocorticoid receptors. Consequently, in addition to the excess mineralocorticoids produced by ACTH stimulation of the adrenal gland, high
levels of cortisol exert activity through the mineralocorticoid receptor,
leading to severe hypokalemia.
Diagnosis The diagnosis of ectopic ACTH syndrome is usually not
difficult in the setting of a known malignancy. Urine free cortisol levels fluctuate but are typically greater than two to four times normal,
and the plasma ACTH level is usually >22 pmol/L (>100 pg/mL).
A suppressed ACTH level excludes this diagnosis and indicates an
ACTH-independent cause of Cushing’s syndrome (e.g., adrenal or
exogenous glucocorticoid). In contrast to pituitary sources of ACTH,
most ectopic sources of ACTH do not respond to glucocorticoid suppression. Therefore, high-dose dexamethasone (8 mg PO) suppresses
8:00 a.m. serum cortisol (50% decrease from baseline) in ~80% of
pituitary ACTH-producing adenomas but fails to suppress ectopic
ACTH in ~90% of cases. Bronchial and other carcinoids are welldocumented exceptions to these general guidelines, as these ectopic
sources of ACTH may exhibit feedback regulation indistinguishable from pituitary adenomas, including suppression by high-dose
dexamethasone, and ACTH responsiveness to adrenal blockade with
metyrapone. If necessary, petrosal sinus catheterization can be used to
evaluate a patient with ACTH-dependent Cushing’s syndrome when
the source of ACTH is unclear. After CRH stimulation, a 3:1 petrosal sinus:peripheral ACTH ratio strongly suggests a pituitary ACTH
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source. Imaging studies (computed tomography or magnetic reso- 611
nance imaging) are also useful in the evaluation of suspected carcinoid
lesions, allowing biopsy and characterization of hormone production
using special stains. If available, positron emission tomography or
octreotide scanning may identify some sources of ACTH production.
TREATMENT	

Cushing’s Syndrome Caused by
Ectopic ACTH Production

The morbidity associated with the ectopic ACTH syndrome can
be substantial. Patients may experience depression or personality
changes because of extreme cortisol excess. Metabolic derangements, including diabetes mellitus and hypokalemia, can worsen
fatigue. Poor wound healing and predisposition to infections can
complicate the surgical management of tumors, and opportunistic
infections caused by organisms such as Pneumocystis carinii and
mycoses are often the cause of death in patients with ectopic ACTH
production. These patients likely have increased risk of venous
thromboembolism reflecting the combination of malignancy and
altered coagulation factor profiles. Depending on prognosis and
treatment plans for the underlying malignancy, measures to reduce
cortisol levels are often indicated. Treatment of the underlying
malignancy may reduce ACTH levels but is rarely sufficient to reduce
cortisol levels to normal. Adrenalectomy is not practical for most
of these patients but should be considered during surgery for the
malignancy or if the underlying tumor is not resectable and the
prognosis is otherwise favorable (e.g., carcinoid). Medical therapy
with ketoconazole (300–600 mg PO bid), metyrapone (250–500 mg
PO every 6 h), mitotane (3–6 g PO in four divided doses, tapered to
maintain low cortisol production), or other agents that block steroid
synthesis or action is often the most practical strategy for managing the hypercortisolism associated with ectopic ACTH production.
Glucocorticoid replacement should be provided to prevent adrenal
insufficiency (Chap. 406). Unfortunately, many patients eventually
progress despite medical blockade.
TUMOR-INDUCED HYPOGLYCEMIA CAUSED BY EXCESS PRODUCTION OF IGF-II
(See also Chap. 420) Mesenchymal tumors, hemangiopericytomas,
hepatocellular tumors, adrenal carcinomas, and a variety of other large
tumors have been reported to produce excessive amounts of insulinlike growth factor type II (IGF-II) precursor, which binds weakly to
insulin receptors and more strongly to IGF-I receptors, leading to
insulin-like actions. The gene encoding IGF-II resides on a chromosome 11p15 locus that is normally imprinted (that is, expression is
exclusively from a single parental allele). Biallelic expression of the
IGF-II gene occurs in a subset of tumors, suggesting loss of methylation and loss of imprinting as a mechanism for gene induction.
In addition to increased IGF-II production, IGF-II bioavailability is
increased due to complex alterations in circulating binding proteins.
Increased IGF-II suppresses growth hormone (GH) and insulin,
resulting in reduced IGF binding protein 3 (IGFBP-3), IGF-I, and
acid-labile subunit (ALS). The reduction in ALS and IGFBP-3, which
normally sequester IGF-II, causes it to be displaced to a small circulating complex that has greater access to insulin target tissues. For this
reason, circulating IGF-II levels may not be markedly increased despite
causing hypoglycemia. In addition to IGF-II–mediated hypoglycemia,
tumors may occupy enough of the liver to impair gluconeogenesis.
In most cases, a tumor causing hypoglycemia is clinically apparent
(usually >10 cm in size) and hypoglycemia develops in association with
fasting. The diagnosis is made by documenting low serum glucose and
suppressed insulin levels in association with symptoms of hypoglycemia. Serum IGF-II levels may not be increased (IGF-II assays may not
detect IGF-II precursors). Increased IGF-II mRNA expression is found
in most of these tumors. Any medications associated with hypoglycemia should be eliminated. Treatment of the underlying malignancy,
if possible, may reduce the predisposition to hypoglycemia. Frequent
meals and IV glucose, especially during sleep or fasting, are often

Chapter 121 Paraneoplastic Syndromes: Endocrinologic/Hematologic

gene, which encodes ACTH, along with melanocyte-stimulating
hormone (MSH), β lipotropin, and several other peptides. In many
tumors, there is abundant but aberrant expression of the POMC gene
from an internal promoter, proximal to the third exon, which encodes
ACTH. However, because this product lacks the signal sequence
necessary for protein processing, it is not secreted. Increased production of ACTH arises instead from less abundant, but unregulated,
POMC expression from the same promoter site used in the pituitary.
However, because the tumors lack many of the enzymes needed to process the POMC polypeptide, it is typically released as multiple large,
biologically inactive fragments along with relatively small amounts of
fully processed, active ACTH.
Rarely, corticotropin-releasing hormone (CRH) is produced by
pancreatic islet cell tumors, SCLC, medullary thyroid cancer, carcinoids, or prostate cancer. When levels are high enough, CRH can cause
pituitary corticotrope hyperplasia and Cushing’s syndrome. Tumors
that produce CRH sometimes also produce ACTH, raising the possibility of a paracrine mechanism for ACTH production.
A distinct mechanism for ACTH-independent Cushing’s syndrome
involves ectopic expression of various G protein–coupled receptors in
the adrenal nodules. Ectopic expression of the gastric inhibitory peptide (GIP) receptor is the best-characterized example of this mechanism. In this case, meals induce GIP secretion, which inappropriately
stimulates adrenal growth and glucocorticoid production.
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