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Abstract

to secrete parathyroid-hormone-related peptide.

thyroid-hormone-related peptide levels.

Background The parathyroid-hormone-related peptide has been shown in earlier studies to be secreted by pancre-
atic neuroendocrine tumors, although its secretion by gastroenteropancreatic neuroendocrine tumors is very rare.
In contrast, a number of solid tumors, such as lung cancer and renal cell carcinoma, have frequently been shown

Case presentation We describe a case report of a 53-year-old Canadian white patient with refractory parathyroid-
hormone-related-peptide-mediated hypercalcemia associated with metastatic pancreatic neuroendocrine tumors
and review the available research. Our patient had severe hypercalcemia initially refractory to treatment. Computed
tomography scan of the abdomen revealed a pancreatic lesion and multiple hepatic metastases. A liver biopsy con-
firmed metastatic pancreatic neuroendocrine tumor expressing parathyroid-hormone-related peptide. Circulating
parathyroid-hormone-related peptide levels were at the upper limit of normal preoperatively and decreased sharply
postoperatively following debulking of the tumor. Blood calcium levels eventually normalized on long-term adminis-
tration of the somatostatin analog lanreotide in combination with denosumab.

Conclusions We describe a case with parathyroid-hormone-related-peptide-mediated hypercalcemia in a pancreatic
neuroendocrine tumor (parathyroid-hormone-related peptide tumor). Refractory hypercalcemia was likely the result
of parathyroid-hormone-related peptide overproduction by the tumor and resolved following normalization of para-
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Introduction
Pancreatic neuroendocrine tumors (PNETs), alterna-
tively referred to as islet cell tumors, are an uncommon
form of neoplasm originating from the pancreatic endo-
crine tissue. On the basis of factors such as histological
differentiation, grade, stage, tumor burden, somatostatin
expression, and functionality, PNETs are categorized in a
variety of ways [1].

Neuroendocrine tumors of the pancreas have a clini-
cal incidence of 1-2 per million annually and consti-
tute 1-2% of all pancreatic tumors; however, autopsy
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investigations show that their frequency is substantially
higher, occurring in 0.5-1.5%, and that<1l per 1000
induce a clinical syndrome [2].

The incidence and prevalence of these tumors appear
to have increased in recent years. This is likely due to a
variety of factors, including the increased awareness and
recognition of these tumors, the improvement in patho-
logical diagnosis involving immunohistochemical stain-
ing for specific neuroendocrine tumor markers, and
incidental detection by imaging studies carried out for
another reason [for example, abdominal ultrasound (US),
computed tomography (CT) scan, or magnetic resonance
imaging (MRI)] [3, 4].

Though they can appear at any age, pancreatic neu-
roendocrine tumors typically arise in the fourth or fifth
decade of life. There is no gender preference for these
tumors, though some subtypes may show a modest pref-
erence for either gender [5]. Children and adolescents
seldom experience PNETs, and in these cases, it is typi-
cally linked to a genetic or familial predisposition [6].

PNETs are typically sporadic, but they can also arise
in conjunction with hereditary (familial) syndromes,
including neurofibromatosis, von Hippel-Lindau syn-
drome (VHL), multiple endocrine neoplasia type 1
(MEN-1), and tuberous sclerosis; PNETs can arise in
roughly 30-80% of MEN-1 patients, 20% of VHL syn-
drome patients, 10% of neurofibromatosis patients, and
1% of tuberous sclerosis patients [2].

PNETs can be classified as functional or nonfunc-
tional (non-secreting) on the basis of their secretory
hormonal characteristics and the associated clinical pic-
ture. The synthesis of several peptide hormones, such as
insulin, glucagon, gastrin, vasoactive intestinal peptide
(VIP), and somatostatin, forms the foundation for tumor
functionality.

A PNET is labeled as “functional” if it secretes one of
these hormones and the patient exhibits the correspond-
ing clinical signs. When a PNET does not release hor-
mones, it is considered “non-functional” (“NF-PNETS”)
[7].

Even though they are much more common (around
70%), nonfunctional PNETs (NF-PNETs; also called
PPomas) can secrete a variety of peptides, including
chromogranin A (CgA), calcitonin, ghrelin, neuroten-
sin, motilin, neuron-specific enolase (NSE), pancreatic
polypeptide (PP, in 50-70%), and subunits of human cho-
rionic gonadotrophin (alpha or beta subunits). Neverthe-
less, these peptides are not associated with a clinically
noticeable syndrome [8].
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Inadvertent discovery of NF-PNETs usually occurs
occasionally, or it can be brought about by tumor metas-
tases, invasion of surrounding structures, or symptoms
associated with tumor progression (such as nausea,
vomiting, anorexia, weight loss, extreme weakness, and
abdominal pain) [9].

Due to a particular hormonal hypersecretion, func-
tional PNETs (F-PNETs), which are uncommon, can
cause a variety of sometimes perplexing clinical syn-
dromes; insulinomas are the most common, followed in
decreasing order by gastrinomas, glucagonomas, VIPo-
mas, somatostatinomas, PNETs causing carcinoid syn-
drome, and other rare PNETs [10, 11].

When an NF-PNET manifests symptoms, the most
prevalent ones are anorexia and nausea (45%), weight
loss (20-35%), and abdominal pain (35-78%). Obstruc-
tive jaundice (17-40%), intra-abdominal hemorrhage
(4-20%), and palpable masses (7-40%) are less common
symptoms.

Metastatic disease may also be the cause of the symp-
toms (bone pain, lymphadenopathy, brain or pituitary
metastases, and so on). According to several published
findings, 32-73% of cases have metastases at the time of
diagnosis [12, 13].

Histopathological features are used to classify neuroen-
docrine tumors (NETs) that arise at various sites within
the body, including PNETs. This classification is crucial
because the tumors’ pathological features are roughly
reflected in their clinical manifestation: while a small
percentage of PNETs exhibit highly aggressive behavior,
metastasizing early and posing a threat to life, the major-
ity of PNETs have an indolent course of disease and are
typically well-differentiated tumors that behave clinically
more like small-cell carcinoma [14].

Parathyroid-hormone-related peptide (PTHrP) has
been shown in earlier studies to be secreted by PNETs,
although its secretion by gastroenteropancreatic neu-
roendocrine tumors (NETs) is very rare [7].

PNETs that cause hypercalcemia (PTHrPoma, or par-
athyroid-hormone-related peptide-secreting PNETs) are
rare (<0.1%) and usually originate in the pancreas, and
more than 85% of them are malignant [15].

PTHrP is a hormone that causes hypercalcemia of
malignancy, most commonly in a variety of solid tumors,
including head and neck, lung, breast, and renal cell car-
cinomas [16—19]. PTHrP expression in solid tumors with
or without hypercalcemia is also linked to metastatic
progression and shorter survival in breast and pancreatic
tumors [20, 21].
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About 20-30% of patients with advanced cancer—both
those with solid tumors and those with hematologic
malignancies—may develop malignant hypercalcemia.
The most frequent cause of hypercalcemia linked to neu-
roendocrine tumors has been identified as the release
of parathyroid-hormone-related protein (PTHrP).
Malignant hypercalcemia is accompanied by hypophos-
phatemia and disproportionately low (suppressed)
parathyroid hormone (PTH) levels. The diagnosis is con-
firmed by the demonstration of elevated serum PTHrP
levels [22—24].

The treatment of hypercalcemia in this context can be
challenging [25, 26].

Herein, we present a case of refractory PTHrP-medi-
ated hypercalcemia associated with metastatic PNET.

Case presentation

A 53-year-old Canadian white man was found to have
severe hypercalcemia (Table 1) refractory to aggressive
hydration, intravenous zoledronic acid 4 mg, and intrave-
nous pamidronate 180 mg.

CT scan of the abdomen revealed a 12.4x7.1X 8.6 cm
pancreatic lesion and multiple hepatic metastases.

A liver biopsy confirmed metastatic PNET, which
stained positive for CK 19 synaptophysin and
chromogranin.

Staining using a monoclonal antibody against the
PTHrP N-terminus (PTHrP 1-34 NBP 1 59322 Novus)
demonstrated high cytoplasmic expression.

Staining for CXCR4, a chemokine receptor known for
its ability to mediate metastasis, was also positive.

PTHrP levels were measured using a two-site immu-
noradiometric assay (IRMA; Beckman Coulter), in
which PTHrP is recognized by an NH,-terminal anti-
body against PTHrP [1-34] (capture antibody), and a
second COOH-terminal antibody against PTHrP [47-
86] (signal antibody).

This assay detects a sequence containing the major
portion of the first 86 amino acids of the PTHrP
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molecule but will not detect NH,- or COOH-terminal
fragments alone.

Interestingly, PTHrP levels preoperatively were at the
upper limit of normal but overlapped with levels seen
in normocalcemic cancer patients and healthy volun-
teers. To firmly establish the underlying mechanism
of hypercalcemia, we measured nephrogenous-cycle
AMP, a surrogate marker of PTHrP bioactivity, which
was very elevated (Table 1). Furthermore, PTHrP lev-
els decreased sharply postoperatively, further support-
ing the link between tumor expression of PTHrP and
its blood levels.

Octreoscan isolated somatostatin avid tissue in the
pancreas and liver. Further investigations did not disclose
evidence of multiple endocrine neoplasia.

The patient was treated with subcutaneous lanreotide
120 mcg and subcutaneous denosumab 60 mg every 4
weeks and underwent extensive debulking surgery 12
weeks later.

Pathology confirmed a 14.5 cm well-differentiated,
intermediate-grade NET with three mitotic figures per 10
HPEF, Ki-67 index 10%, and positive cytoplasmic staining
for PTHrP (Fig. 1).

It is worth noting that PTHrP staining was weaker in
the primary tumor compared with the liver metastasis.

Postoperatively, the patient developed severe hypocal-
cemia, similar to hungry bone syndrome seen in patients
with hyperparathyroidism.

The patient’s hypercalcemia recurred 3 weeks later and
was initially refractory to denosumab, lanreotide, everoli-
mus, and hepatic chemoembolization. However, once
PTHrP levels normalized, blood calcium levels later nor-
malized following repeated administration of lanreotide
and denosumab.

Investigations
See Table 1.
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Table 1 Evolution of laboratory test results

Test Initial 11 July 2016 3 August 2016 7 7 October 4 7 December 15 6

(normal 22 June 2016 September 2016 November 2016 January February

values) 2016 Post-Op 2016 2017 2017
Post-
TACE

Albumin 47 41 41 25 27 41 33 38

(38-52 g/L)

Total calcium 3,51 3.00 284 254 1.55 264 2.88 2.19 284

(2.12-

2.62 mmol/L)

lonized calcium 191 152 1.55 1.39 0.96 152 142

(1.15-

1.32 mmol/L)

Magnesium 049 0.59 0.59 0.74 0.76 0.76 0.74 0.64 0.68

(0.75-

1.05 mmol/L)

Phosphate 0.62 0.74 0.51 0.58 0.54 0.65 0.99 0.65 0.77

(0.80-

1.45 mmol/L)

25(0OH)D 50 32 52 <15 <15 48

(50—

125 nmol/L)

1,25(0H)D 158 193 33 69 237

(90-

174 pmol/L)

PTH <0.80 <0.80 <0.80 20.00 <0.80 <0.80

(1.50-

9.30 pmol/L)

PTHrP 14 11 6 3 4

(0-15 pg/mL)

Urinary cyclic 50 73

AMP

(1.3-3.7 nmol/

du)

Chromogra- 106.4 163.5 1721 190.3 3525 190.1

nin A

(<82.0 ng/mL)

Nota bene: zoledronic acid 4 mg intravenously X 1 on 22 June 2017. Pamidronate 90 mg intravenously X 1 on 24 June 2016, 90 mg intravenously X 1 on 29 June 2016,
60 mg intravenously X 1 on 2 November 2016; denosumab 60 mg subcutaneously on 15 July 2016, and then every 4 weeks after that; surgery on 4 October 2016;

TACE, transarterial chemoembolization

Discussion

PNETs are a diverse set of tumors with multiple catego-
ries based on tumor load, functioning, grade, stage, and
histological differentiation. A majority of PNETSs are con-
sidered non-functional [26, 27].

PNETs that are hormone-secreting (functioning) are
divided into different categories on the basis of the main
hormone they produce and the clinical syndrome they
lead to, such as insulinoma, gastrinoma, VIPoma, gluca-
gonoma, and somatostatinoma.

PNETs may also produce other hormones, such as
PTHrP, although PTHrP secretion by gastroenteropan-
creatic NETs is extremely uncommon and seems to be
exclusively associated with metastatic NETs. PNETs that
secrete PTHrP have only been previously described in
case reports [16, 17].

PTHrP is a polypeptide that has been found to share
some similarities with PTH (the first 13 amino acids
are almost identical) and is expressed in a wide range of
neuroendocrine cells. This homology allows PTHrP to
function at the PTH-1 receptor site and mimic activities
such as increasing bone resorption and distal tubular cal-
cium reabsorption [8, 18]. However, the increased intes-
tinal absorption of calcium does not occur with PTHrP,
because it is less likely to stimulate 1,25-dihydroxyvita-
min D production [26].

Malignant tumors of the lung, breast, kidney, and head
and neck are more frequently associated with PTHrP-
induced hypercalcemia than PNETs [22]). PTHrP in
PNETs can also mediate malignancy-related hypercal-
cemia, which is still incredibly rare and often denotes a
poor prognosis [28, 29].
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Fig. 1 Pathology of the primary tumor and liver metastasis at 200x magnification. Note that the parathyroid-hormone-related peptide and CXCR4
stainings are much stronger in the liver metastasis compared with the primary tumor

Men and women are equally represented in the demog-
raphy of PTHrP-secreting PNETs, which is consistent
with the overall epidemiology of PNETs. Although there
was a large range in age, the majority of patients who pre-
sented with it were between the ages of 40 and 60 years
[30].

Although a small minority of patients in the published
case series had hypercalcemia upon presentation, the
majority of patients experienced the onset of sympto-
matic hypercalcemia between months and years after
receiving a PNETs diagnosis [31, 32].

Most patients with hypercalcemia of malignancy and
PNETs had metastatic disease, with the liver being the
most frequently affected location. In most cases, the
patients exhibited hypercalcemia symptoms whether or
not they had already been given a PNETs diagnosis. The
most often reported symptoms were those associated
with hypercalcemia, such as abdominal pain, low appe-
tite, nausea, vomiting, constipation, and weight loss [27].

The management of NET-associated humoral hyper-
calcemia of malignancy can be challenging, and often
requires multimodal treatment.

The acute management of hypercalcemia and the
cytoreduction of the tumors should be the two main
focuses of the therapy.

Surgical debulking is the most efficient treatment
for PTHrP-induced hypercalcemia brought on by
PNETs, while many patients might not be suitable [27].

Aggressive tumor cytoreduction with surgery, arterial
chemoembolization and/or peptide receptor radionu-
clide therapy is frequently used in addition to systemic
treatment [27, 31-34].

Somatostatin analogues (SSAs), everolimus, sunitinib,
and streptozocin are all agents approved for the treat-
ment of PNETs [14]. In randomized phase III trials, SSAs
were linked to symptom management in as many as 70%
of patients and a biochemical response in between 30%
and 40% of individuals [35].

According to published case studies, SSAs normalize
serum calcium levels in patients with PTHrP-induced
hypercalcemia; in contrast, in our case report, SSAs did
not normalize serum calcium levels for our patient [32].

In addition, chemotherapy with temozolomide and
capecitabine (TC regimen) has shown promising results,
though its use has only been reported in a few case
reports. The response rate to the TC regimen was 39.7%,
and both progression-free survival (PFS) and overall sur-
vival (OS) improved [36].

There is inadequate evidence to support the effective-
ness of other therapies, such as peptide receptor radio-
nuclide therapy (PRRT), which can be utilized to regulate
hormone secretion in PTHrP-induced hypercalcemia
[37].

A 58-year-old male patient with nonspecific abdominal
pain was described by Kanakis et al. [15] as having sig-
nificant hypercalcemia as a result of a well-differentiated
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PNET with widespread liver metastases. Increased ion-
ized calcium levels, low serum PTH, and noticeably
high PTHrP concentrations were indicative of PTHrP-
related hypercalcemia, which was unresponsive to sup-
portive treatment and several chemotherapy regimens.
It took the application of cytoreductive procedures and
the development of several molecular-targeted medica-
tions to achieve partial control of the humoral condi-
tion. Brown tumors, a sign of bone disease, appeared as a
result of PTHrP’s continued activity.

The added interest of our case is the finding of PTHrP
values at the upper limit of normal despite extreme
hypercalcemia and a PTH-like biochemical profile
including suppressed PTH, low phosphate, and high
nephrogenous cyclic AMP levels, a surrogate marker of
PTHrP bioactivity.

This indicates that the circulating PTHrP levels as
measured by the two-site IRMA specific for PTHrP
(1-86) does not correlate well with the degree of hyper-
calcemia. When PTHrP levels are not frankly elevated,
one needs to ensure that the blood collection was done
properly so as to prevent degradation of the molecule
(sample collected on ice preferably with a protease inhib-
itor and quickly centrifuged).

PTHrP measurements should be repeated and, if in
doubt, followed by PTH-like bioassay measurements.
Newer, more specific and sensitive immunoassays
for PTHrP have recently been developed with greatly
improved diagnostic performance that could be of great
value in monitoring cancer patients [38, 39]

In addition, the findings of positive CK19 staining in
the liver and stronger PTHrP/CXCR4 staining in the
metastatic lesions compared with the primary tumor may
be harbingers of poor prognosis.

Conclusions

We report a case of refractory PTHrP-mediated hyper-
calcemia in the context of metastatic PNET. Refractory
hypercalcemia resolved following PTHrP normalization.
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