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TABLE 121-1 Paraneoplastic Syndromes Caused by Ectopic Hormone Production
Paraneoplastic Syndrome
Common
Hypercalcemia of
malignancy

Syndrome of inappropriate
antidiuretic hormone
secretion (SIADH)
Cushing’s syndrome

Ectopic Hormone

Typical Tumor Typesa

Parathyroid hormone–related protein (PTHrP)

Squamous cell (head and neck, lung, skin), breast, genitourinary,
gastrointestinal
Lymphomas
Lung, ovary
Renal, lung
Lung (squamous, small cell), gastrointestinal, genitourinary, ovary

1,25-dihydroxyvitamin D
Parathyroid hormone (PTH) (rare)
Prostaglandin E2 (PGE2) (rare)
Vasopressin

Adrenocorticotropic hormone (ACTH)
Corticotropin-releasing hormone (CRH) (rare)
Ectopic expression of gastric inhibitory peptide (GIP),
luteinizing hormone (LH)/human chorionic gonadotropin
(hCG), other G protein–coupled receptors (rare)
Insulin-like growth factor type II (IGF-II)

Male feminization

Insulin (rare)
hCGb

Diarrhea or intestinal
hypermotility
Rare
Oncogenic osteomalacia
Acromegaly
Hyperthyroidism
Hypertension

Calcitoninc

Mesenchymal tumors, sarcomas, adrenal, hepatic, gastrointestinal,
kidney, prostate
Cervix (small-cell carcinoma)
Testis (embryonal, seminomas), germinomas, choriocarcinoma, lung,
hepatic, pancreatic islet
Lung, colon, breast, medullary thyroid carcinoma

Vasoactive intestinal peptide (VIP)

Pancreas, pheochromocytoma, esophagus

Phosphatonin (fibroblast growth factor 23 [FGF23])

Hemangiopericytomas, osteoblastomas, fibromas, sarcomas, giant
cell tumors, prostate, lung
Pancreatic islet, bronchial, and other carcinoids
Lung, pancreatic islet
Hydatidiform mole, embryonal tumors, struma ovarii
Juxtaglomerular tumors, kidney, lung, pancreas, ovary

Growth hormone–releasing hormone (GHRH)
Growth hormone (GH)
Thyroid-stimulating hormone (TSH)
Renin

Only the most common tumor types are listed. For most ectopic hormone syndromes, an extensive list of tumors has been reported to produce one or more hormones. bhCG is produced eutopically by trophoblastic tumors. Certain tumors produce disproportionate amounts of the hCG α or hCG β subunit. High levels of hCG rarely cause hyperthyroidism because
of weak binding to the TSH receptor. cCalcitonin is produced eutopically by medullary thyroid carcinoma and is used as a tumor marker.

a

levels in SCLC associated with ectopic ACTH. The activity of hASH-1
is inhibited by hairy enhancer of split 1 (HES-1) and by Notch proteins, which also are capable of inducing growth arrest. Thus, abnormal expression of these developmental transcription factors appears to
provide a link between cell proliferation and differentiation.
Ectopic hormone production would be merely an epiphenomenon
associated with cancer if it did not result in clinical manifestations.
Excessive and unregulated production of hormones such as ACTH,
PTHrP, and vasopressin can lead to substantial morbidity and complicate the cancer treatment plan. Moreover, the paraneoplastic
endocrinopathies may be a presenting clinical feature of underlying
malignancy and prompt the search for an unrecognized tumor.
A large number of paraneoplastic endocrine syndromes have been
described, linking overproduction of particular hormones with specific
types of tumors. However, certain recurring syndromes emerge from
this group (Table 121-1). The most common paraneoplastic endocrine
syndromes include hypercalcemia from overproduction of PTHrP and
other factors, hyponatremia from excess vasopressin, and Cushing’s
syndrome from ectopic ACTH.
HYPERCALCEMIA CAUSED BY ECTOPIC PRODUCTION OF PTHrP
(See also Chap. 424)
Etiology Humoral hypercalcemia of malignancy (HHM) occurs in
up to 20% of patients with cancer. HHM is most common in cancers
of the lung, head and neck, skin, esophagus, breast, and genitourinary
tract and in multiple myeloma and lymphomas. There are several
distinct humoral causes of HHM, but it is caused most commonly
by overproduction of PTHrP. In addition to acting as a circulating
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humoral factor, bone metastases (e.g., breast, multiple myeloma) may
produce PTHrP, leading to local osteolysis and hypercalcemia. PTHrP
may also affect the initiation and progression of tumors by acting
through pro-survival and chemokine pathways.
PTHrP is structurally related to PTH and binds to the PTH receptor, explaining the similar biochemical features of HHM and hyperparathyroidism. PTHrP plays a key role in skeletal development and
regulates cellular proliferation and differentiation in other tissues,
including skin, bone marrow, breast, and hair follicles. The mechanism
of PTHrP induction in malignancy is incompletely understood; however, tumor-bearing tissues commonly associated with HHM normally
produce PTHrP during development or cell renewal. PTHrP expression is stimulated by hedgehog pathways and Gli transcription factors
that are active in many malignancies. Transforming growth factor β
(TGF-β), which is produced by many tumors, also stimulates PTHrP,
in part by activating the Gli pathway. Mutations in certain oncogenes,
such as Ras, also can activate PTHrP expression. In adult T cell lymphoma, the transactivating Tax protein produced by human T cell
lymphotropic virus 1 (HTLV-1) stimulates PTHrP promoter activity.
Metastatic lesions to bone are more likely to produce PTHrP than are
metastases in other tissues, suggesting that bone produces factors (e.g.,
TGF-β) that enhance PTHrP production or that PTHrP-producing
metastases have a selective growth advantage in bone. PTHrP activates
the pro-survival AKT pathway and the chemokine receptor CXCR4.
Thus, PTHrP production can be stimulated by mutations in oncogenes, altered expression of viral or cellular transcription factors, and
local growth factors. In addition to its role in HHM, the PTHrP pathway may also provide a potential target for therapeutic intervention to
impede cancer growth.
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Less Common
Non–islet cell hypoglycemia

Lung (small cell, bronchial carcinoid, adenocarcinoma, squamous),
thymus, pancreatic islet, medullary thyroid carcinoma
Pancreatic islet, carcinoid, lung, prostate
Macronodular adrenal hyperplasia
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