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ABSTRACT

 Objective: Hypercalcemia of malignancy (HCM) is 
caused by 1 of 5 known mechanisms including systemic 
release of ectopic parathyroid hormone (PTH)-related 
protein (PTHrP), calcitriol, PTH, cytokines, or destruction 
of bone by osteolytic metastases. We report the first case of 
2 simultaneous mechanisms for HCM in a patient with a 
peripheral nerve sheath tumor (PNST)
 Methods: PubMed and Google Scholar searches were 
performed using “hypercalcemia of malignancy” as the 
search term.
 Results: A 26-year-old woman with neurofibromato-
sis presented with worsening left hip pain. Magnetic reso-
nance imaging showed a large left paraspinal mass, subtotal 
resection of which confirmed PNST. Despite chemo-radia-
tion therapy, the tumor progressed over 16 months, requir-
ing tumor debulking and L3-4 lumbar laminectomy. The 
patient developed progressive bilateral lower extremity 
weakness due to direct tumor invasion of the lumbosacral 
vertebrae with concurrent hypercalcemia. Ionized calcium 
was 1.47 mmol/dL (reference range is 0.95 to 1.32 mmol/
dL), PTH was <4.0 pg/mL (reference range is 8 to 85 pg/
mL), 25-hydroxyvitamin D was 14 ng/mL, calcitriol was 
<8.0 pg/mL (reference range is 18 to 78 pg/mL), PTHrP 

was 40 pg/mL(reference range is 14 to 27 pg/mL), urinary 
calcium was <2.0 mg/24 hours, serum C-telopeptide was 
1,008 pg/mL (reference range is 64 to 640 pg/mL), and 
bone-specific alkaline phosphatase was 15.7 µg/L (refer-
ence range is 4.7 to 17.8 µg/L). Her serum magnesium, 
phosphorus, and creatinine levels were normal. Intravenous 
zoledronic acid and hydration resulted in a normal ionized 
calcium. Additional imaging revealed extensive tumor 
invasion of L3-S1 vertebrae. Due to her poor response to 
all cancer therapies, the patient was discharged to home 
hospice services.
 Conclusion: HCM due to PTHrP and osteolytic 
metastases has not been independently reported to our 
knowledge in association with malignant PNST as in our 
patient. The therapeutic importance of characterizing the 
mechanism of HCM is further discussed in detail. (AACE 
Clinical Case Rep. 2020;6:e135-e140)

Abbreviations:
HCM = hypercalcemia of malignancy; MRI = magnet-
ic resonance imaging; OMRH = osteolytic metastasis-
related hypercalcemia; PNST = peripheral nerve sheath 
tumor; PTH = parathyroid hormone; PTHrP = para-
thyroid hormone-related protein; RANKL = receptor 
activator of nuclear factor κB ligand

INTRODUCTION

 Hypercalcemia of malignancy (HCM) is a paraneo-
plastic syndrome that is associated with a poor progno-
sis. Parathyroid hormone (PTH)-related protein (PTHrP) 
induction and osteolytic mechanisms account for 99% of 
HCM (1); induction by calcitriol or cytokines/chemokines 
is responsible for the remaining 1% of cases. PTHrP-
induced hypercalcemia has been described in solid malig-
nancies, most commonly in squamous cell carcinoma. 
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Osteolytic metastases are commonly observed in multiple 
myeloma but have also been described in breast and lung 
tumors. To our knowledge, paraneoplastic hypercalcemia 
due to both PTHrP and osteolytic metastatic bone disease 
has not been previously described with malignant PNST.

CASE REPORT

 A 26-year-old, Caucasian woman with a past medical 
history significant for chronic hypertension and neurofibro-
matosis initially presented to the hospital with a 4-month 
history of worsening left hip pain and proximal weakness. 
She was unaware of any family history of calcium disor-
ders or nephrolithiasis and had been taking a calcium chan-
nel blocker for hypertension. Magnetic resonance imaging 
(MRI) of the lumbar spine revealed a large, left-sided para-
spinal mass. 
 Biopsy of the mass exhibited low cellularity and scat-
tered, atypical spindle cells. Immunohistochemistry of the 
tumor cells stained negative for the proteins CD34, CD99, 
SMA, desmin, Dog-1, P57, GFAP, and CD57. The cells 
stained positive for S-100. The patient underwent subtotal 
resection of the mass with pathology confirming malig-
nant PNST, followed by chemotherapy and proton beam  
radiation therapy. 
 Sixteen months after the initial admission for tumor 
resection, the patient was found on surveillance MRI to 
have increasing size of the same mass with new extension 
into L3 and L4 neural foramina. She was admitted a second 
time and underwent lumbar laminectomy and facectomy 
with intradural and extradural tumor debulking. 
 Within a month of the second admission, the patient 
was readmitted a third time for progressive bilateral lower 
extremity weakness. MRI revealed a residual enlarging 
mass eroding the left lateral aspects of the L4, L5, and S1 
vertebral bodies. At this time, she was also noted to have 
hypercalcemia with an ionized calcium of 1.47 mmol/
dL (reference range is 0.95 to 1.32 mmol/dL) as well as 
suppressed PTH of <4.0 pg/mL (reference range is 8 to 85 
pg/mL) and 25-hydroxyvitamin D at 14 ng/mL (optimal 
range is >30 ng/mL). Her serum magnesium, phosphorus, 
creatinine, and protein electrophoresis levels were normal. 
Urinary calcium revealed undetectable calcium of <2.0 
mg/24 hours confirmed on repeat testing. The bone resorp-
tion marker serum C-telopeptide was elevated at 1,008 
pg/mL (reference range is 64 to 640 pg/mL) whereas the 
bone formation marker bone-specific alkaline phospha-
tase was normal at 15.7 µg/L (reference range is 4.7 to  
17.8 µg/L). 
 With aggressive intravenous hydration and admin-
istration of 4 mg of zoledronic acid, the ionized calcium 
normalized over the ensuing 3 days to 1.17 mmol/L. 
Results of further testing revealed an elevated PTHrP of 40 
pg/mL (reference range is 14 to 27 pg/mL) and suppressed 
calcitriol level of <8.0 pg/mL (reference range is 18 to 78 

pg/mL). A technetium 99m bone scan was negative for 
bone lesions. Computed tomography imaging revealed 
tumor invasion of the vertebral bodies of L5-S1 which was 
also confirmed on MRI, thereby confirming the presence 
of purely osteolytic tumor involvement of the vertebral 
bodies. After extensive interdisciplinary discussion with 
the patient, no further chemotherapy or radiation thera-
py was initiated. The patient was discharged with home 
hospice services.

DISCUSSION

 HCM is a paraneoplastic manifestation of advanced 
cancer with 50% mortality within the first 2 months of the 
HCM diagnosis (1). HCM may be caused by either humor-
al factors that indirectly enhance systemic bone resorption 
or by direct skeletal invasion by malignant cells (osteolytic 
metastasis-related hypercalcemia, OMRH). Humoral HCM 
can be associated with systemic release of elevated levels 
of ectopically synthesized PTHrP, 1,25-dihydroxyvitamin 
D which is also known as calcitriol, PTH, and various cyto-
kines and chemokines (2). PTHrP is responsible for 80% 
and OMRH for 19% of all cases of HCM. Less than 1% of 
HCM cases are associated with excessive calcitriol or cyto-
kines/chemokines. Elevated serum PTHrP levels are found 
in 48 to 71% of solid tumors associated with HCM. In 
contrast, elevated serum levels of PTHrP are less common-
ly associated with hematological malignancies compared 
with solid malignancies, occurring in only 30% of patients 
with myeloma (3).
 Initially isolated from tumors associated with HCM, 
PTHrP is a peptide with 141 amino acids with striking 
homology to the N-terminal region of PTH (4). PTHrP 
is secreted by various tissues (especially breast) under 
normal physiological conditions and has a paracrine role in 
endochondral bone development, mammary gland forma-
tion, trans-placental calcium transport, dental eruption, 
calcium transfer to breast milk, and as a local regulator in 
bone during fracture repair (5). 
 Both PTH and PTHrP mediate their actions through 
the PTH-1 receptor. The actions of PTHrP in the kidney 
generally parallel those of PTH with both peptides directly 
stimulating tubular reabsorption of calcium (6). Although 
PTH increases renal proximal tubular activation of 
1-α-hydroxylation with subsequent synthesis of calcitriol 
and active calcium absorption, PTHrP has much less effect 
on calcitriol synthesis (5). 
 In human studies utilizing quantitative bone histo-
morphometry and biochemical markers of bone turnover, 
patients with PTHrP-related humoral HCM have increased 
generalized bone resorption but do not have the usual 
coupled increase in osteoblastic bone formation as typical-
ly observed in primary hyperparathyroidism (7). This is the 
most plausible explanation for the observed elevation of 
serum C-telopeptide (a bone resorption marker), alongside 
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normal bone-specific alkaline phosphatase (a bone forma-
tion marker), and the negative total body bone scan with 
technetium 99m. Thus, excessive systemic PTHrP causes 
hypercalcemia through both increased bone resorption and 
increased renal retention of calcium. Absent urinary calci-
um, as seen in our patient, is characteristic of the role of 
PTHrP to enhance calcium reabsorption. Suppressed levels 
of PTH, elevated PTHrP, and suppressed calcitriol in the 
presence of sufficient 25-hydroxyvitamin D substrate is 
consistent with direct evidence of PTHrP as a weak cata-
lyst of 1-α-hydroxylation.
 Breast cancer and multiple myeloma account for the 
vast majority of the cases of osteolytic hypercalcemia. In 
the case of multiple myeloma, the local skeletal release of 
various osteoclast-activating factors, such as macrophage 
inflammatory protein-1α, receptor activator of nuclear 
factor κB ligand (RANKL), and interleukin-3 as well as 
osteoblast-inhibiting factors such as dickkopf homolog 
1 by myeloma cells play a role in the formation of focal 
osteolytic metastases. In addition, there is a change in 
the normal ratio of RANKL to osteoprotegerin favoring 
RANKL resulting in an increase in osteoclastogenesis and 
generalized bone resorption (8). 
 In the case of breast cancer, sustained stimulation of 
PTH-1 receptor by tumoral production of PTHrP leads to 
enhanced Gαs-mediated activation of the adenylyl cyclase/
cyclic AMP protein kinase A signaling pathway leading to 
generalized bone resorption via alteration in the RANKL/
osteoprotegerin secretion ratio by osteoblasts (9). In the 
local osteolytic metastatic lesions of breast cancer, intrale-
sional production of PTHrP, tumor necrosis factor-α, inter-
leukin-6, and interleukin-8 are responsible for RANKL 
activation and the subsequent stimulation of osteoclastic 
activity. Intralesional production of PTHrP induces local 
osteolysis resulting in activation of transforming growth 
factor β from bone matrix. The local production of the 
hormone signaling target Gli2, usually controlled through 
the hedgehog signaling pathway, is upregulated by acti-
vated transforming growth factor β, which induces the 
expression of PTHrP mRNA, local osteolysis, and estab-
lishment of a self-enhancing autocrine forward feedback  
loop (10).
 The radiographic appearance of a metastatic skeletal 
lesion depends on its predominant component, osteoscle-
rotic or osteolytic tissue. The sensitivity and specific-
ity of bone scintigraphy for detection of bone metastasis 
is 78% and 48%, respectively. Osteotropic radioisotopes 
such as technetium 99m-labelled methylene diphospho-
nate, as utilized in our patient during bone scintigraphy, 
accumulates at the site of active bone formation. Primarily 
osteolytic lesions with limited osteoblastic bone formation 
typically demonstrate low or absent diphosphonate tracer 
accumulation (11). In our patient, the technetium 99m 
bone scan revealed no skeletal sclerotic lesions. The mark-
edly elevated bone resorption marker serum C-telopeptide 

and normal bone formation marker bone-specific alka-
line phosphatase reconfirmed the presence of osteolyt-
ic metastases as observed radiologically by computed  
tomography scan.
 An uncommon mechanism for HCM is excessive 
calcitriol production by tumor cells or macrophages 
(calcitriol-induced hypercalcemia), accounting for less 
than 1% of cases. Excessive serum levels of active calcitri-
ol increase intestinal calcium absorption beyond physi-
ologic requirements and may contribute to enhanced bone 
resorption (12). Rarer humoral causes for HCM include 
the synthesis of elevated serum levels of ectopic PTH or 
cytokines/chemokines by the tumor. Cytokine/chemokine-
induced HCM induces systemic bone resorption without 
evidence of OMRH and normal concurrent serum levels 
of PTHrP, calcitriol, and PTH (13). A phenomenon of 
mild elevation of total corrected calcium with normal 
ionized calcium levels, or “pseudo-hypercalcemia” due to 
abnormal calcium binding by paraproteins has also been 
described (14). A summary of the known mechanisms of 
HCM with their associated cancers was published by one 
of our authors and is updated in Table 1 (3).
 HCM resulting from multiple mechanisms has been 
previously described. A combination of calcitriol and 
PTHrP-induced HCM has been described in rare cases 
of human T-cell leukemia virus type 1 positive adult 
T-cell leukemia/lymphoma, neuroendocrine tumors of the 
pancreas, seminoma, and ovarian carcinoma (3). Cytokine/
chemokine-induced HCM has been described in conjunc-
tion with PTHrP or OMRH in multiple myeloma and breast 
cancer (2,3,7). The combined mechanisms of OMRH and 
PTHrP-induced HCM has been best described in breast 
cancer for the reasons described above with PTHrP being 
both a local skeletal tumor microenvironment mediator of 
osteolysis and causing systemic bone resorption. PTHrP is 
elevated in the serum of up to 50% of patients with breast 
cancer metastases to bone. The aforementioned combined 
mechanisms have not been described in conjunction with 
PNST. Although HCM has been reported in conjunction 
with rhabdomyosarcomas and gastrointestinal stromal 
tumors, both of which can be associated with neurofibro-
matosis-1, our patient did not have any evidence of these 
malignancies on MRI or histopathology.
 Treatment of HCM is directed at targeting the under-
lying malignancy as well as effectively treating the under-
lying mechanism for hypercalcemia. This may involve 
inhibiting bone resorption with bisphosphonates and deno-
sumab, increasing urinary calcium excretion with intrave-
nous saline, loop diuretics, and prednisone. Other treat-
ments involve decreasing intestinal calcium absorption and 
decreasing serum levels of calcitriol with prednisone and 
suppressing synthesis of PTH with calcimimetics (15). 
 The successful use of calcimimetics in PTHrP-
mediated hypercalcemia has been described in case 
reports, through a mechanism yet to be fully elucidated 
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Table 1
Cancers Associated with Mechanisms of Hypercalcemia of Malignancya

Hematologic malignancy Solid organ malignancy

Calcitriol-induced 
hypercalcemia

(i) Non-Hodgkin lymphoma
(ii) Hodgkin lymphoma
(iii) Chronic lymphocytic leukemia

(i) Gastrointestinal stromal tumor
(ii) Glioblastoma multiforme
(iii) Metastatic squamous cell carcinoma of tongue
(iv) Non-small cell lung carcinoma
(v) Metastatic carcinoma of unknown primary origin
(vi) Ovarian dysgerminoma
(vii) Renal cell carcinoma
(viii) Seminoma
(ix) Hepatocellular carcinoma

PTHrP-induced 
hypercalcemia

(i) Non-Hodgkin lymphoma
(ii) Chronic myelogenous leukemia
(iii) Chronic lymphocytic leukemia
(iv) Hodgkin lymphoma
(v) Multiple myeloma
(vi) Plasma cell leukemia
(vii) Waldenström macroglobulinemia

(i) Squamous cell carcinomab

(ii) Adenocarcinomac

(iii) Benign congenital mesoblastic nephroma
(iv) Bladder cancer
(v) Epithelioid hemangioendothelioma
(vi) Malignant melanoma
(vii) Merkel cell carcinoma
(viii) Myxoid sarcoma
(ix) Neuroendocrine tumor
(x) Seminoma
(xi) Uterine leiomyoma
(xi) Renal cell carcinoma
(xiii) Malignant peripheral nerve sheath tumord

Osteolytic metastasis-
related hypercalcemia

(i) Acute lymphocytic leukemia
(ii) Multiple myeloma
(iii) Non-Hodgkin lymphoma

(i) Breast cancer
(ii) Lung cancer
(iii) Prostate cancer
(iv) Renal cell carcinoma
(v) Malignant pheochromocytoma
(vi) Uterine carcinoma
(vii) Gastrointestinal carcinomas
(viii) Ewing sarcoma
(ix) Malignant melanoma
(x) Hepatocellular carcinoma
(xi) Thyroid cancer
(xii) Malignant peripheral nerve sheath tumorc

Ectopic PTH-induced 
hypercalcemia (i) Acute myelogenous leukemia

(i) Gastric carcinoma
(ii) Lung cancer

•	 Small cell

•	 Squamous cell

(iii) Neuroendocrine cancer of pancreas
(iv) Thyroid cancer

•	 Medullary

•	 Papillary adenocarcinoma

(v) Ovarian carcinoma
(vi) Thymoma
(vii) Rhabdomyosarcoma
(vii) Hepatocellular carcinoma

Cytokine-induced 
hypercalcemia

(i) Acute lymphocytic leukemia
(ii) Multiple myeloma
(iii) Non-Hodgkin lymphoma

•	 Diffuse large B-cell lymphoma

•	 Follicular lymphoma

•	 Adult T-cell leukemia/lymphoma

(i) Squamous cell carcinoma of hand

Abbreviations: PTH = parathyroid hormone; PTHrP = parathyroid hormone-related protein.
aCompiled from Cheng et al (3).
bAnus, esophagus, head and neck cancer, lung, manubrium, parotid, penis, skin, scrotum, and vulva.
cBreast, cholangiocarcinoma, colon, duodenum, endometrium, lung, ovary, pancreas, renal cell, and stomach.
dOur case.
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(15-17). In murine parathyroidectomized models, cinacal-
cet decreased calcium in a dose-dependent manner with-
out altering PTHrP levels; increased calcitonin secretion 
appears to play a role (18). Another potential target for 
treatment that is yet to be tested in humans is the use of 
PTHrP-blocking antibodies. In murine models, this has led 
to resolution of HCM and improvement of cachexia (19). 
 The use of bone markers, urine calcium, and appro-
priate imaging can facilitate clarification of simultaneous 
multiple mechanisms underlying HCM (Table 2) and the 
selection of the most efficacious treatment. In our patient, 
zoledronate, a bisphosphonate, was effective in treating 
hypercalcemia resulting from excessive bone resorption 
from both her osteolytic bone lesions as well as PTHrP-
induced systemic resorption.
 
CONCLUSION

 PTHrP-induced hypercalcemia has been described in 
several solid malignancies, most commonly in squamous 
cell carcinoma. Osteolytic metastases are usually seen in 
multiple myeloma but have been described in breast and 
lung tumors. However, neither mechanism has been inde-
pendently described in association with malignant PNST. 
Our patient had evidence of both mechanisms as the causa-

tion of hypercalcemia as documented by (1) an elevated 
PTHrP, low calcitriol, and the absence of any urinary calci-
um confirmed on repeat testing, as well as (2) presence of 
tumor invasion of bone on computed tomography imaging, 
absence of osteoblastic lesions on a technetium 99m bone 
scan, and isolated elevation of serum C-telopeptide consis-
tent with purely osteolytic metastases. 
 To our knowledge, paraneoplastic hypercalcemia 
resulting from the interplay of these mechanisms has 
not been previously described with PNST, and should be 
considered in the differential diagnosis of hypercalcemia 
in patients with this diagnosis. In patients with HCM, it is 
important to characterize the mechanisms responsible for 
the development of hypercalcemia for the selection of the 
most efficacious therapeutic interventions. 
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Table 2
Supporting Tests for Identifying the Mechanisms of Hypercalcemia of Malignancy

PTH PTHrP Calcitriol
Urinary calcium 

(reference) Skeletal scintigraphy
Calcitriol-induced 
hypercalcemia ↓ ↓ ↑ Normal or ↑(20) Negative unless coexisting osteoblastic OMRH

PTHrP-induced 
hypercalcemia ↓ ↑ ↓ Normal or ↑*(21) Negative unless coexisting osteoblastic OMRH

Osteolytic 
metastasis-related 
hypercalcemia 

↓ ↓ ↓ ↑(22)
Negative if purely osteolytic

Positive if osteoblastic OMRH
Ectopic PTH-induced 
hypercalcemia ↑ ↓ Normal or mildly 

above normal Normal or ↑*(23) Negative unless coexisting osteoblastic OMRH

Cytokine-induced 
hypercalcemia ↓ ↓ ↓ ↑(22) Negative unless coexisting osteoblastic OMRH

Abbreviations: OMRH = osteolytic metastasis-related hypercalcemia; PTH = parathyroid hormone; PTHrP = parathyroid hormone-
related protein. 
*Filtered load overwhelms the PTH/PTHrP-mediated reabsorption of calcium by the kidney.
In all cases, 25-hydroxyvitamin D levels may vary depending on intake and integrity of absorption. 
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