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A B S T R A C T

Paraneoplastic syndromes (PNSs) are neoplasm-associated alterations in bodily structure or function or

both that occur distant to the tumor. They are an extremely diverse group of clinical aberrations that

are associated with the noninvasive actions of the tumor. In many situations, the PNS parallels the

underlying malignancy, and therefore, successful treatment of the tumor leads to disappearance of the

PNS. Alternatively, recurrence of the PNS after successful treatment signals recurrence of the tumor,

and the return of the PNS often significantly precedes the detectable recurrence of the tumor. This is

often the case with paraneoplastic hypercalcemia, often referred to as hypercalcemia of malignancy

(HM). The most common cause of hypercalcemia in dogs is cancer. Neoplasia is diagnosed in

approximately two-thirds of dogs with hypercalcemia vs. approximately one-third in cats. A variety

of tumors have been associated with HM. Lymphoma is the most common cause of HM, and the most

common anatomical site for dogs with lymphoma-associated HM is the cranial mediastinum. Other

tumors associated with HM in dogs and cats include anal sac apocrine gland adenocarcinoma, thyroid

carcinoma, multiple myeloma, bone tumors, thymoma, squamous cell carcinoma, mammary gland

carcinoma/adenocarcinoma, melanoma, primary lung tumors, chronic lymphocytic leukemia, renal

angiomyxoma, and parathyroid gland tumors. As HM is a potential medical emergency, the primary

goal in cases of HM is the elucidation of the underlying cause and thereby instituting the appropriate

specific therapy.

& 2012 Elsevier Inc. All rights reserved.
Paraneoplastic syndromes (PNSs) are neoplasm-associated
alterations in bodily structure or function or both that occur
distant to the tumor. They are an extremely diverse group of
clinical aberrations that are associated with the noninvasive
actions of the tumor. In many situations, the PNS parallels the
underlying malignancy, and therefore, successful treatment of the
tumor leads to disappearance of the PNS. Alternatively, recur-
rence of the PNS after successful treatment signals recurrence of
the tumor, and the return of the PNS often significantly precedes
the detectable recurrence of the tumor. This is often the case with
paraneoplastic hypercalcemia, often referred to as hypercalcemia
of malignancy (HM).

The most common cause of hypercalcemia in dogs is cancer. A
variety of tumors have been associated with HM. Neoplasia is
diagnosed in approximately two-thirds of dogs with hypercalce-
mia1,2 vs. approximately one-third in cats.3 Lymphoma (LSA) is
the most common cause of HM, and the most common anatomi-
cal site for dogs with LSA-associated HM is the cranial medias-
tinum. Other tumors associated with HM in dogs and cats include
anal sac apocrine gland adenocarcinoma, thyroid carcinoma,
multiple myeloma, bone tumors, thymoma, squamous cell carci-
noma, mammary gland carcinoma/adenocarcinoma, melanoma,
primary lung tumors, chronic lymphocytic leukemia, renal angio-
myxoma, and parathyroid gland tumors.4-12 Unfortunately, the
incidence of HM in veterinary oncology patients is unknown;
however, HM is seen in 10%-35% of dogs with LSA, Z25% of dogs
with anal sac apocrine gland adenocarcinoma, and approximately
20% of dogs with myeloma.13,14 In addition, HM is seen in 5%-30%
of human cancer patients.15,16

The causes of HM are varied and include ectopic production of
parathormone (PTH) or PTH-related peptide (PTH-rp) by the tumor,
extensive lytic bone metastases, primary hyperparathyroidism,
tumor-associated prostaglandins (PGE1/2), interleukin-1beta
panion Animal Medicine. Publish
(previously known as osteoclast-activating factor), transforming
growth factor-beta, and receptor activator of nuclear factor kappa
beta ligand.8,15,17-22 Interestingly, transforming growth factor-
beta1 regulates the messenger ribonucleic acid stability of PTH-
rp.23 The HM seen in LSA and anal sac apocrine gland adenocar-
cinoma is commonly caused by tumor-associated PTH-rp.24,25

PTH-rp is a 16-kDa protein with significant sequence identity to
PTH, suggesting that the hypercalcemia seen in PTH-
rp-associated HM is due to the ability of PTH-rp to act and
function like PTH. In addition to HM, other hypercalcemia
differentials, such as laboratory error (lipemia and hemolysis),
acute renal failure, hypervitaminosis D, hypoadrenocorticism,
granulomatous disease, and others, may be considered.

In addition to ensuring that the hypercalcemia is not due to
lipemia or hemolysis, it is potentially important to interpret the
calcium value in relation to the level of serum albumin. Two
commonly utilized correction formulas that controversially
attempt to account for the level of serum albumin are as follows:

Adjusted calcium mg=dL
� �

¼ Calcium mg=dL
� �

2 albumin g=dL
� �� �

þ 3:5ORAdjusted calcium mg=dL
� �

¼ Calcium mg=dL
� �

2 total serum protein g=dL
� �

� 0:4
� �

þ 3:3

Similarly, an increase in the free ionized fraction of calcium
can occur with acidosis. Acidotic HM patients may have an
increase in clinical signs of hypercalcemia when compared to
nonacidotic HM patients.

The primary clinical manifestations of HM are due to renal
function impairment. Severe HM (calcium 418 mg/dL) should be
considered a medical emergency. An inability to concentrate urine
is noted first due to decreased responsiveness to antidiuretic
hormone at the distal tubule; the calcium then decreases renal
blood flow and glomerular filtration rate due to severe
ed by Elsevier Inc.
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Table 1
Treatment for Hypercalcemia of Malignancy

Elimination of the inciting tumor is the primary goal for all categories of

hypercalcemia!

Mild hypercalcemia and minimal clinical signs

Rehydration with normosaline (0.9% NaCl)

Moderate hypercalcemia and clinical signs

Rehydration with normosaline (0.9% NaCl)

Continue normosaline diuresis (urine output 42 mL/kg/h)

Furosemide (1-4 mg/kg every 8-24 h IV or PO)

Note: Use only after patient is fully rehydrated

Prednisone (1 mg/kg daily to BID PO)

Note: Use only after diagnosed (see text)

Severe hypercalcemia and severe clinical signs

Oncologic emergency!!

See moderate hypercalcemia treatments

For refractory cases:

Mithramycin (25 mg/kg IV 1-2 times/wk)

Note: Sclerosing agent and hepatotoxin at higher doses

Biphosphonates

Pamidronate (1-1.5 mg/kg IV q 2-3 wk)

Salmon calcitonin (4-10 MRC units/kg SQ daily)

Gallium nitrate (not evaluated to date in veterinary medicine)

Abbreviations: IV, intravenously; PO, per os; BID, bis in die; MRC, Medical

Research Council; SQ, subcutaneously.
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vasoconstriction. Calcium salt deposition in the renal parench-
yma further compounds the prerenal and renal azotemia. The
urinary epithelium may then undergo degeneration and, in severe
cases, necrosis. The situation clinically worsens as the patient
becomes severely polyuric and polydypsic, begins vomiting, and
then undergoes continual and progressive dehydration. In addi-
tion to its effects on the renal system, in severe cases of HM, one
may see constipation, hypertension, twitching, weakness, shak-
ing, depression, vomiting, bradycardia, stupor, and possibly coma
and death.

The diagnosis of HM can be extremely difficult in some cases.
Other laboratory findings commonly seen in HM cases include
azotemia with hypophosphatemia to normophosphatemia. Extre-
mely advanced HM cases with severe renal destruction may have
hyperphosphatemia, even though hyperphosphaturia is a com-
mon feature of this PNS. When true HM has been diagnosed,
appropriate steps for identification of the cause are immediately
necessary. When azotemia is also present in HM cases, this
represents a true medical emergency for delineation of the cause
of the HM and for appropriate therapy. The diagnostic steps for
HM should include those undertaken for the staging of LSA in
addition to a rectal palpation/examination for anal sac apocrine
gland adenocarcinoma. If these diagnostics do not confirm the
specific cause of the HM, then the aforementioned hypercalcemia
differentials should be considered and appropriately pursued.
Dogs and cats with HM would typically have low PTH and high
PTH-rp concentrations; however, the cause of the HM can usually
be delineated with appropriate diagnostics long before the return
of PTH/PTH-rp assay results. Similarly, the astute clinician
remembers that there are other causes of HM other than LSA or
anal sac apocrine gland adenocarcinoma, and therefore, a thor-
ough physical examination and staging is tantamount to success-
ful delineation of the causes in HM cases.

As HM is a potential medical emergency, the primary goal in
cases of HM is the elucidation of the underlying cause and
thereby instituting the appropriate specific therapy. Though often
necessary when searching for the underlying cause of the HM,
symptomatic therapy must be judiciously utilized. The premature
administration of symptomatic therapy, such as the use of
corticosteroids prior to the confirmation of the cause of the HM,
can be a very serious problem. If LSA is the underlying cause of
the HM, the use of corticosteroids may interfere with the ability
to confirm the diagnosis of LSA, necessitating either additional
diagnostics or waiting to determine whether the LSA reappears
after glucocorticoid administration is discontinued or both. In
addition to the implications of diagnostic interference in LSA,
glucocorticoids may induce resistance to other chemotherapy
agents with a decrease in the ability to induce a complete
remission as well as a decrease in the length of survival.26

Therefore, the use of corticosteroids in cases of undiagnosed
hypercalcemia is strongly discouraged.

Symptomatic therapies that promote external loss of calcium,
increase renal excretion of calcium, and inhibit bone reabsorption
may be utilized in HM patients. The severity of clinical signs and
associated hypercalcemia determine the preferred therapy. The
use of 0.9% NaCl intravenously is commonly utilized to ameliorate
the aforementioned dehydration with expansion of the extracel-
lular fluid volume. In addition, the use of intravenous 0.9% NaCl
would increase glomerular filtration rate, increase calciuresis and
natriuresis, and decrease calcium reabsorption by the kidneys.
Once fully rehydrated, the loop diuretic furosemide with con-
tinued normosaline diuresis can be utilized to potently inhibit
calcium reabsorption in the ascending loop of Henle. In addition,
if the specific cause of the HM is delineated, corticosteroids can
be extremely effective in the adjunct treatment of HM by its
inhibition ofprostaglandin E, osteoclast-activating factor, vitamin
D, and intestinal calcium absorption. Corticosteroids can also be
cytotoxic to LSA cells, which as discussed earlier is the most
common cause of HM. The most common therapies utilized in the
treatment of HM are outlined in Table 1. In rare cases that are
unresponsive to the above-mentioned symptomatic therapies
and treatment of the underlying cause, other treatments, such
as calcitonin, bisphosphonates, or gallium nitrate, may be uti-
lized.27 Bisphosphonates have become the standard of therapy for
human nonhumoral HM due to their potent inhibition of bone
resorption without affecting tubular calcium reabsorption.28 The
use of bisphosphonates in dogs and cats appears to be a promis-
ing new treatment for hypercalcemia but requires additional
study.29,30 In the future, likely treatment options for HM may
include osteoprotegerins, more potent bisphosphonates, anti-
PTH-rp antibodies, noncalcemic calcitriol analogs, distal tubule
calcium reabsorption inhibitors, receptor activator of nuclear
factor kappa beta ligand antagonists, and new bone resorption
inhibitors.28,31
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