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Another relatively common cause of HHM is excess production of
1,25-dihydroxyvitamin D. Like granulomatous disorders associated
with hypercalcemia, lymphomas can produce an enzyme that converts
25-hydroxyvitamin D to the more active 1,25-dihydroxyvitamin D,
leading to enhanced gastrointestinal calcium absorption. Other causes
of HHM include tumor-mediated production of osteolytic cytokines
and inflammatory mediators.
Clinical Manifestations The typical presentation of HHM is a patient
with a known malignancy who is found to be hypercalcemic on routine laboratory tests. Less often, hypercalcemia is the initial presenting
feature of malignancy. Particularly when calcium levels are markedly
increased (>3.5 mmol/L [>14 mg/dL]), patients may experience fatigue,
mental status changes, dehydration, or symptoms of nephrolithiasis.
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Diagnosis Features that favor HHM, as opposed to primary hyperparathyroidism, include known malignancy, recent onset of hypercalcemia, and very high serum calcium levels. Like hyperparathyroidism,
hypercalcemia caused by PTHrP is accompanied by hypercalciuria
and hypophosphatemia. Patients with HHM typically have metabolic
alkalosis rather than hyperchloremic acidosis, as is seen in hyperparathyroidism. Measurement of PTH is useful to exclude primary
hyperparathyroidism; the PTH level should be suppressed in HHM.
An elevated PTHrP level confirms the diagnosis, and it is increased in
~80% of hypercalcemic patients with cancer. 1,25-Dihydroxyvitamin
D levels may be increased in patients with lymphoma.
TREATMENT	
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The management of HHM begins with removal of excess calcium
in the diet, medications, or IV solutions. Saline rehydration (typically 200–500 mL/h) is used to dilute serum calcium and promote
calciuresis; exercise caution in patients with cardiac, hepatic, or
renal insufficiency. Forced diuresis with furosemide (20–80 mg IV in
escalating doses) or other loop diuretics can enhance calcium excretion but provides relatively little value except in life-threatening
hypercalcemia. When used, loop diuretics should be administered
only after complete rehydration and with careful monitoring of fluid
balance. Oral phosphorus (e.g., 250 mg Neutra-Phos 3–4 times daily)
should be given until serum phosphorus is >1 mmol/L (>3 mg/dL).
Bisphosphonates such as pamidronate (60–90 mg IV), zoledronate
(4–8 mg IV), and etidronate (7.5 mg/kg per day PO for 3–7 consecutive days) can reduce serum calcium within 1–2 days and suppress
calcium release for several weeks. Bisphosphonate infusions can be
repeated, or oral bisphosphonates can be used for chronic treatment. Dialysis should be considered in severe hypercalcemia when
saline hydration and bisphosphonate treatments are not possible
or are too slow in onset. Previously used agents such as calcitonin
and mithramycin have little utility now that bisphosphonates are
available. Calcitonin (2–8 U/kg SC every 6–12 h) should be considered when rapid correction of severe hypercalcemia is needed.
Hypercalcemia associated with lymphomas, multiple myeloma, or
leukemia may respond to glucocorticoid treatment (e.g., prednisone
40–100 mg PO in four divided doses).
ECTOPIC VASOPRESSIN: TUMOR-ASSOCIATED SIADH
(See also Chap. 63)
Etiology Vasopressin is an antidiuretic hormone normally produced
by the posterior pituitary gland. Ectopic vasopressin production by
tumors is a common cause of the syndrome of inappropriate antidiuretic hormone (SIADH), occurring in at least half of patients with
SCLC. SIADH also can be caused by a number of nonneoplastic conditions, including central nervous system (CNS) trauma, infections, and
medications (Chap. 404). Compensatory responses to SIADH, such
as decreased thirst, may mitigate the development of hyponatremia.
However, with prolonged production of excessive vasopressin, the
osmostat controlling thirst and hypothalamic vasopressin secretion may
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become reset. In addition, intake of free water, orally or intravenously,
can quickly worsen hyponatremia because of reduced renal diuresis.
Tumors with neuroendocrine features, such as SCLC and carcinoids, are the most common sources of ectopic vasopressin production, but it also occurs in other forms of lung cancer and with CNS
lesions, head and neck cancer, and genitourinary, gastrointestinal, and
ovarian cancers. The mechanism of activation of the vasopressin gene
in these tumors is unknown but often involves concomitant expression
of the adjacent oxytocin gene, suggesting derepression of this locus.
Clinical Manifestations Most patients with ectopic vasopressin secretion are asymptomatic and are identified because of the presence of
hyponatremia on routine chemistry testing. Symptoms may include
weakness, lethargy, nausea, confusion, depressed mental status, and
seizures. The severity of symptoms reflects the rapidity of onset as
well as the severity of hyponatremia. Hyponatremia usually develops
slowly but may be exacerbated by the administration of IV fluids or the
institution of new medications.
Diagnosis The diagnostic features of ectopic vasopressin production
are the same as those of other causes of SIADH (Chaps. 63 and 404).
Hyponatremia and reduced serum osmolality occur in the setting of an
inappropriately normal or increased urine osmolality. Urine sodium
excretion is normal or increased unless volume depletion is present.
Other causes of hyponatremia should be excluded, including renal,
adrenal, or thyroid insufficiency. Physiologic sources of vasopressin
stimulation (CNS lesions, pulmonary disease, nausea), adaptive circulatory mechanisms (hypotension, heart failure, hepatic cirrhosis), and
medications, including many chemotherapeutic agents, also should be
considered as possible causes of hyponatremia. Vasopressin measurements are not usually necessary to make the diagnosis.
TREATMENT	
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Most patients with ectopic vasopressin production develop hyponatremia over several weeks or months. The disorder should be
corrected gradually unless mental status is altered or there is risk
of seizures. Treatment of the underlying malignancy may reduce
ectopic vasopressin production, but this response is slow if it occurs
at all. Fluid restriction to less than urine output, plus insensible
losses, is often sufficient to correct hyponatremia partially. However,
strict monitoring of the amount and types of liquids consumed
or administered intravenously is required for fluid restriction to
be effective. Salt tablets and saline are not helpful unless volume
depletion is also present. Demeclocycline (150–300 mg orally three
to four times daily) can be used to inhibit vasopressin action on
the renal distal tubule, but its onset of action is relatively slow (1–2
weeks). Conivaptan, a nonpeptide V2-receptor antagonist, can be
administered either PO (20–120 mg bid) or IV (10–40 mg) and is
particularly effective when used in combination with fluid restriction in euvolemic hyponatremia. Tolvaptan (15 mg PO daily) is
another vasopressin antagonist. The dose can be increased to 30–60
mg/d based on response. Severe hyponatremia (Na <115 meq/L)
or mental status changes may require treatment with hypertonic
(3%) or normal saline infusion together with furosemide to enhance
free water clearance. The rate of sodium correction should be slow
(0.5–1 meq/L per hour) to prevent rapid fluid shifts and the possible
development of central pontine myelinolysis.
CUSHING’S SYNDROME CAUSED BY ECTOPIC ACTH PRODUCTION
(See also Chap. 406)
Etiology Ectopic ACTH production accounts for 10–20% of cases of
Cushing’s syndrome. The syndrome is particularly common in neuroendocrine tumors. SCLC is the most common cause of ectopic ACTH,
followed by bronchial and thymic carcinoids, islet cell tumors, other
carcinoids, and pheochromocytomas. Ectopic ACTH production is
caused by increased expression of the proopiomelanocortin (POMC)
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