with humoral hypercalcemia of malignancy may have low to normal
levels of 1,25(OH)2D instead of elevated levels as in true hyperparathyroidism. In some patients with the humoral hypercalcemia of malignancy, osteoclastic resorption is unaccompanied by an osteoblastic or
bone-forming response, implying inhibition of the normal coupling of
bone formation and resorption.
Several different assays (single- or double-antibody, different epitopes) have been developed to detect PTHrP. Most data indicate that
circulating PTHrP levels are undetectable (or low) in normal individuals except perhaps in pregnancy (high in human milk) and elevated
in most cancer patients with the humoral syndrome. The etiologic
mechanisms in cancer hypercalcemia may be multiple in the same
patient. For example, in breast carcinoma (metastatic to bone) and in a
distinctive type of T cell lymphoma/leukemia initiated by human T cell
lymphotropic virus I, hypercalcemia is caused by direct local lysis of
bone as well as by a humoral mechanism involving excess production
of PTHrP. Hyperparathyroidism has been reported to coexist with the
humoral cancer syndrome, and rarely, ectopic hyperparathyroidism
due to tumor elaboration of true PTH is reported.

Vitamin D Intoxication Chronic ingestion of 40–100 times the normal
physiologic requirement of vitamin D (amounts >40,000–100,000
U/d) is usually required to produce significant hypercalcemia in otherwise healthy individuals. The stated upper limit of safe dietary intake is
2000 U/d (50 μg/d) in adults because of concerns about potential toxic
effects of cumulative supraphysiologic doses. These recommendations
are now regarded as too restrictive, because some estimates are that
in elderly individuals in northern latitudes, 2000 U/d or more may be
necessary to avoid vitamin D insufficiency.
Hypercalcemia in vitamin D intoxication is due to an excessive biologic action of the vitamin, perhaps the consequence of increased levels
of 25(OH)D rather than merely increased levels of the active metabolite 1,25(OH)2D (the latter may not be elevated in vitamin D intoxication). 25(OH)D has definite, if low, biologic activity in the intestine
and bone. The production of 25(OH)D is less tightly regulated than is
the production of 1,25(OH)2D. Hence concentrations of 25(OH)D are
elevated several-fold in patients with excess vitamin D intake.
The diagnosis is substantiated by documenting elevated levels of
25(OH)D >100 mg/mL. Hypercalcemia is usually controlled by restriction of dietary calcium intake and appropriate attention to hydration.
These measures, plus discontinuation of vitamin D, usually lead to
resolution of hypercalcemia. However, vitamin D stores in fat may
be substantial, and vitamin D intoxication may persist for weeks after
vitamin D ingestion is terminated. Such patients are responsive to
glucocorticoids, which in doses of 100 mg/d of hydrocortisone or its
equivalent usually return serum calcium levels to normal over several
days; severe intoxication may require intensive therapy.

Treatment of the hypercalcemia of malignancy is first directed to
control of tumor; reduction of tumor mass usually corrects hypercalcemia. If a patient has severe hypercalcemia yet has a good
chance for effective tumor therapy, treatment of the hypercalcemia
should be vigorous while awaiting the results of definitive therapy.
If hypercalcemia occurs in the late stages of a tumor that is resistant
to antitumor therapy, the treatment of the hypercalcemia should
be judicious as high calcium levels can have a mild sedating effect.
Standard therapies for hypercalcemia (discussed below) are applicable to patients with malignancy.

Sarcoidosis and Other Granulomatous Diseases In patients with sarcoidosis and other granulomatous diseases, such as tuberculosis and fungal
infections, excess 1,25(OH)2D is synthesized in macrophages or other
cells in the granulomas. Indeed, increased 1,25(OH)2D levels have been
reported in anephric patients with sarcoidosis and hypercalcemia.
Macrophages obtained from granulomatous tissue convert 25(OH)D
to 1,25(OH)2D at an increased rate. There is a positive correlation in
patients with sarcoidosis between 25(OH)D levels (reflecting vitamin
D intake) and the circulating concentrations of 1,25(OH)2D, whereas
normally there is no increase in 1,25(OH)2D with increasing 25(OH)
D levels due to multiple feedback controls on renal 1α-hydroxylase
(Chap. 423). The usual regulation of active metabolite production by
calcium and phosphate or by PTH does not operate in these patients.
Clearance of 1,25(OH)2D from blood may be decreased in sarcoidosis
as well. PTH levels are usually low and 1,25(OH)2D levels are elevated,
but primary hyperparathyroidism and sarcoidosis may coexist in some
patients.
Management of the hypercalcemia can often be accomplished by
avoiding excessive sunlight exposure and limiting vitamin D and
calcium intake. Presumably, however, the abnormal sensitivity to vitamin D and abnormal regulation of 1,25(OH)2D synthesis will persist
as long as the disease is active. Alternatively, glucocorticoids in the
equivalent of 100 mg/d of hydrocortisone or equivalent doses of glucocorticoids may help control hypercalcemia. Glucocorticoids appear
to act by blocking excessive production of 1,25(OH)2D, as well as the
response to it in target organs.

VITAMIN D–RELATED HYPERCALCEMIA
Hypercalcemia caused by vitamin D can be due to excessive ingestion or abnormal metabolism of the vitamin. Abnormal metabolism
of the vitamin is usually acquired in association with a widespread
granulomatous disorder. Vitamin D metabolism is carefully regulated,
particularly the activity of renal 1α-hydroxylase, the enzyme responsible for the production of 1,25(OH)2D (Chap. 423). The regulation of

Idiopathic Hypercalcemia of Infancy This rare disorder, usually referred
to as Williams’ syndrome, is an autosomal dominant disorder characterized by multiple congenital development defects, including
supravalvular aortic stenosis, mental retardation, and an elfin facies, in
association with hypercalcemia due to abnormal sensitivity to vitamin
D. The hypercalcemia associated with the syndrome was first recognized in England after fortification of milk with vitamin D. The cardiac and developmental abnormalities were independently described,
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Diagnostic Issues Levels of PTH measured by the double-antibody
technique are undetectable or extremely low in tumor hypercalcemia,
as would be expected with the mediation of the hypercalcemia by
a factor other than PTH (the hypercalcemia suppresses the normal
parathyroid glands). In a patient with minimal symptoms referred for
hypercalcemia, low or undetectable PTH levels would focus attention
on a possible occult malignancy (except for very rare cases of ectopic
hyperparathyroidism).
Ordinarily, the diagnosis of cancer hypercalcemia is not difficult
because tumor symptoms are prominent when hypercalcemia is
detected. Indeed, hypercalcemia may be noted incidentally during the workup of a patient with known or suspected malignancy.
Clinical suspicion that malignancy is the cause of the hypercalcemia
is heightened when there are other signs or symptoms of a paraneoplastic process such as weight loss, fatigue, muscle weakness, or
unexplained skin rash, or when symptoms specific for a particular
tumor are present. Squamous cell tumors are most frequently associated with hypercalcemia, particularly tumors of the lung, kidney,
head and neck, and urogenital tract. Radiologic examinations can
focus on these areas when clinical evidence is unclear. Bone scans
with technetium-labeled bisphosphonate are useful for detection of
osteolytic metastases; the sensitivity is high, but specificity is low;
results must be confirmed by conventional x-rays to be certain that
areas of increased uptake are due to osteolytic metastases per se.
Bone marrow biopsies are helpful in patients with anemia or abnormal peripheral blood smears.

1α-hydroxylase and the normal feedback suppression by 1,25(OH)2D 2477
seem to work less well in infants than in adults and to operate poorly,
if at all, in sites other than the renal tubule; these phenomena may
explain the occurrence of hypercalcemia secondary to excessive
1,25(OH)2D production in infants with Williams’ syndrome (see
below) and in adults with sarcoidosis or lymphoma.
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