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a b s t r a c t

Parathyroid carcinoma is an infrequent endocrine malignant neoplasm with an aggressive behavior. Two
cases of parathyroid carcinoma are described, one with a late diagnosis after previous surgeries for
parathyroid hyperplasia, and the other diagnosed after pathologic fracture. The aim of this article is to
make a review on recent parathyroid carcinoma literature and discuss these two illustrating cases. There
has not been established any etiology for parathyroid carcinoma and no predisposing factors were
identified. Parathyroid carcinoma may occur sporadically or as part of a genetic syndrome. The clinical
features of parathyroid carcinoma are similar to benign cases of hyperparathyroidism and the pathologic
diagnose is difficult. In the absence of metastatic disease in addition to a similar clinical setting, it can be
difficult to distinguish benign and malignant hyperparathyroidism. Parathyroid carcinoma is a rare
disease which diagnose can be challenging. Recent advances in immunohistochemical analysis may have
helped in histopathologic evaluation, but pre-operative detection relies on imaging exams that may not
differentiate malignant from benign hyperparathyroidism. The first surgical approach is paramount for
disease control. There is still few effective therapeutic options for recurrent and metastatic disease, and
these patients' prognostic status remain poor. Promising results were observed with denosumab and PTH
immunization, and they may be a useful therapy for advanced cases in the future, but further investi-
gation is required.
Copyright © 2016 Turkish Society of Medical Oncology. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Parathyroid carcinoma is an endocrine malignant neoplasm
with an aggressive behavior. It was first described in 1904 by Fritz
De Quervain, when he reported a case of non-functioning
neoplasm, and then, 26 years later, Sainton and Millot described
the first functioning parathyroid carcinoma.1,2 It is an infrequent
neoplasm, with a prevalence of 0,005% of all cancers and ac-
counting for 0,4e5% of all cases of primary hyperparathyroidism.3

There is no gender dominance in parathyroid carcinoma and its
onset is usually a decade earlier than parathyroid adenomas, with a
mean age of 45e59 years.4,5,6 It has not been described any
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in the literature.5

2. Objective

The aim of this article is to make a review on recent parathyroid
carcinoma literature and discuss two illustrating cases.

2.1. Etiology

There has not been established any etiology for parathyroid
carcinoma and no predisposing factors were identified, it seems to
be a result of a complex intereaction of environmental factors and
inherited genetic predispositions. There have not been established
a definite progression sequence of benign to malignant lesions. The
absence of conclusive data is attributed to the rarity of this tumor.7

Neck radiation, adenoma, secondary and tertiary hyperparathy-
roidism have been reported in patients with parathyroid
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carcinoma.8

Parathyroid carcinoma may occur sporadically or as part of a
genetic syndrome. Multiple endocrine neoplasia type 1, 2A and
isolated familial hyperparathyroidism are syndrome describes to be
associated with parathyroid carcinoma. Additionally, 15% of pa-
tients with hyperparathyroidism jaw tumor syndrome may
develop parathyroid carcinoma.9 Somatic genes mutations have
been associated with parathyroid carcinoma, such as HRPT2
(CDC73, or Parafibromin) gene mutation, abnormal expression of
the retinoblastoma and p53 proteins, and tumor suppressor gene
on chromosome 13 on the surroundings of retinoblastoma gene.
Sporadic cases have also been associated with HRPT2 mutations in
up to 25%. Albeit these discoveries, these molecular changes have
been identified in studies with small cohort of tumor samples and
further investigations is required.10e12

2.2. Clinical and laboratory features

The clinical features of parathyroid carcinoma are similar to
benign cases of hyperparathyroidism and the pathologic diagnose
is difficult. These factors make parathyroid carcinoma a challenge.
Aside from that, less than 10% of parathyroid carcinoma cases are
nonfunctional. The majority presents as functioning tumors with
hypercalcemia and its symptoms, such as depression, anxiety,
weight loss, weakness, bone disease, renal involvement, abdominal
pain, and peptic ulcer disease. Skeletal involvement includes
osteopenia, bone pain, osteoporosis, osteofibrosis and pathologic
fractures (found in up to 90%) of patients. Renal disease manifest as
nephrolithiasis and renal insufficiency (seen in up to 80%).3,13e16

Other clinical signs that may help are palpable neck mass and
hoarseness.7 Serum calcium levels are frequently higher than
14mg/dL and PTH serum levels are commonly 3 to 10 times higher
than the upper limit of normal.6,17,18 It has been described recently
the method which third to second generation parathormone (PTH)
ratio is calculated and a result higher than one can predict whether
the tumor is malignant with a sensitivity of 75e82% and a speci-
ficity of 97e98%. This result relies on the tendency of the para-
thyroid carcinoma in producing more amino-PTH, which is
identified by third generation assays.19e22 Levels of alkaline phos-
phatase and alfa and beta subunits of human chorionic gonado-
tropin may be higher in malignant primary hyperthyroidism than
in benign cases.23,24

2.3. Imaging

The absence of metastatic disease in addition to a similar clinical
setting, it can be difficult to distinguish benign and malignant hy-
perparathyroidism. Aside from that, all patients with hyperpara-
thyroidism need to have their disease extension evaluated for
treatment planning.7 The diagnostic sensitivity and accuracy are
increased when more than one imaging method is used.4 The im-
aging modalities that have been used are ultrasonography, sesta-
mibi scanning, computed tomography (CT), single-photon emission
CT, magnetic resonance imaging (MRI), and positron emission
tomography.25e28

Ultrasonography is a noninvasive and inexpensive method and
for this reason is the most commonly used method.9 Despite not
being able to definitely discernmalignant from benigns cases, some
sonographic features may suggest carcinoma.29 Parathyroid carci-
noma usually presents as lobulated, hypoecoic and relatively large
and ill-defined borders when compared to adenomas,30,31 associ-
ated to local infiltration, calcification, suspicious vascularity and a
thick capsule have been predictive of malignancy. Ultrasonography
can also detect lymph node enlargement and invasion of the tumor
to adjacent structures.9
Other imaging modality frequently used along with cervical
ultrasonography is Technetium-99mm sestamibi scintigraphy.32

Increased and prolonged uptake of this isotope is generally found
in hyperfunctioning parathyroid tissue,7 thus sestamibi scanning is
a localization study that cannot differentiate benign from malig-
nant cases, but it may be useful in diagnosis and localizing ectopic
hyperfunctioning tissue and metastatic disease.7,32,33Nonetheless,
this method is not completely specific for parathyroid tissue and
thyroid nodules can have proeminent and delayed imaging.33 Sin-
gle photon emission computed tomography (SPECT) can simplify
the localization of a parathyroid lesion, improving the sensitivity of
99mTc sestamibi scintigraphy.34

Computed tomography (CT) is an additional diagnostic method
because it lacks sensitivity in detecting parathyroid carcinoma.35

The same can be applied to MRI. These method may provide
anatomical description of the lesion and its extent and also can
detect other involved regions, making them useful for determining
recurrence and metastatic spread.9,4 When these modalities are
used, it is useful to have an additional method such as ultraso-
nography and sestamibi scanning to determine the most likely site
of abnormal glands and differentiate normal gland from lymph
nodes and other unrelated structures.36

The sensitivity for localizing parathyroid carcinoma in the neck
using ultrasonography, 99mTc sestamibi scan, CT and MRI were,
respectively, 83%, 79%, 69% and 93%.37

Other diagnostic method that can localize functioning para-
thyroid tissue is selective venous catheterization with PTH mea-
surement, and some studies have shown that it can demonstrate
high sensitivity in localization.38,39 Albeit its sensitivity, this is an
invasive and not commonly available studies, being recommended
only when other noninvasive studies fail to localize the disease or
results are questionable.40

In the set of recurrence suspicion, when there is laboratory
suggestion, imaging studies is essential. It is recommended two
concordant studies, that may include ultrasound, CT, MRI, sestamibi
scan, PET CT and/or highly selective venous sampling for PTH
assay.4

2.4. Cytology and histopathology

Fine-needle aspiration cytology should be avoided,41 because
discerning between malignant and benign disease on cytology is
challenging4 and this procedure may cause tumor disruption and
its seeding through the needle tract, leading to higher chances of
recurrence.4,35 However, it may be useful in distinguishing thyroid
from parathyroid tissue or identifying metastatic parathyroid
carcinoma.42

Intraoperative findings that suggest carcinoma are large grayish
to white tumors, usually with 3cm or more. They are firm and can
be adherent or invade surrounding structures, and it has been
described a cystic component in 21% of the cases.4 In the absence of
preoperative or intraoperative clear signs of carcinoma, frozen
section analysis may not help, since carcinoma and adenoma his-
topathological features are similar and sometimes indistinguish-
able.43,7 It has been described morphologic features that may
suggest parathyroid carcinoma,4 which include fibrous band with a
trabecular architecture (90%), capsular invasion (60%), vascular in-
vasion (15%) and mitotic activity (80%).4 Nonetheless, not all
parathyroid carcinoma display these finding and they are not spe-
cific for malignancy.44e48 In the absence of vascular invasion, per-
ineural invasion, invasion to adjacent structures and metastasis,
parathyroid carcinoma should not be yielded.7

Some borderline cases have been previously described as
atypical parathyroid adenomas, but recent disclosures concerning
biomarkers in molecular pathology have helped distinguishing



Fig. 1. Right clavicule assymetry due to previous fracture.
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parathyroid carcinoma from adenomas.44,49 Immunohistochemical
positivity to loss of expression of parafibromin, retinoblastoma
protein (Rb), p27, Bcl-2a, mdm-2 and APC, combinedwith positivity
for galectin-3, overexpression of p53, and increased Ki67 prolifer-
ation index (>5%) have been implied to confirm malignancy in
parathyroid tumor.7,46

2.5. Case reports

2.5.1. Case one
A 35 year-old male, was admitted in Brazilian Nacional Cancer

Institute on August, 10th of 2002 asymptomatic with a history of
urinary tract lithiasis and hypercalcemia since 1999 and a cervical
ultrasonography that suggested parathyroid adenoma. He had a
personal history of systemic arterial hypertension, rheumatic fever
treated at eleven years, and partial nephrectomy in the left kidney
when he was thirteen years for unknown reasons. He had family
history of parathyroid disorders, which included hyperparathy-
roidism on his mother, aunt, a cousin, a nephew and two sisters.

Complementary evaluation laboratory and sestamibi scintig-
raphy was performed and there wasn't sestamibi uptake outside
the parathyroid and a total serum levels of calcium of 11.09 mg/dL
(upper limit of 10.4 mg/dL), parathormone (PTH) of 148.7 pg/mL
(upper limit of 54 pg/mL), creatinine of 1.0 mg/dL (upper limit of
1.3 mg/dL) and a phosphorus of 1.6mg/dL (lower limit of 3.0mg/dL)
with no other abnormalities. On October, 31st of 2002 he was
submitted to exploratory cervicotomy which found 4 parathyroids,
two in each side, with the bigger one in the right presenting
15 � 10mm, with normal colour and macroscopic features. There
was no invasion of adjacent organs and no suspicious lymph nodes.
He was submitted to subtotal parathyroidectomy, with auto-
transplantation of half parathyroid in the left arm muscles. At
frozen section, the pathologist was only able to identify that they
were formed by parathyroid tissue. Postoperative histopathology
result demonstrated parathyroid hyperplasia in all parathyroids
resected.

On follow-up, three years after the resection, he presented
asymptomatic with PTH serum level of 201 pg/mL (upper limit of
65 pg/mL) and serum total calcium level of 11,4 mg/dL (upper limit
of 10,2mg/dL). Sestamibi scintigraphy demonstrated no abnormal
uptake and cervical ultrasonography was normal as well. None-
theless, he was submitted to resection of the parathyroid implant in
left arm muscles, which histopathological analysis demonstrated
normal parathyroid tissue. He remained with high calcium
(12,7 mg/dL) e PTH (370 pg/dL) serum levels one month after the
latest surgery. Another sestamibi scintigraphy was performed and
now it demonstrated an abnormal uptake in the lower aspect of the
right thyroid lobe.

On June, 2nd of 2006 it was performed another exploratory
cervicotomy, and intraoperative findings demonstrated a tumor
adjacent to the lower aspect of the right thyroid lobe. There was no
changing in PTH and calcium levels, and they remained high.

He lost follow-up and returned on 2012 with a history of three
cervicotomies and tumor resection in other institutions, on 2007,
2010 and 2011. During this period he also had been submitted to
four nephrolithotomy, five parathyroid alcoholization and hospi-
talization with PTH serum level higher than 2000 pg/dL and the
need for hemodialysis. The last histopathological report related a
tumor with 37mm and other mass (referred a paratracheal tumor)
with 25mm with necrosis, vascular invasion and local invasion to
thyroid, strapmuscles and a segment of the cervical esophagus. The
surgical margins were positive, and there was one metastatic
lymph node from three resected. The immunohistochemical anal-
ysis demonstrated positivity to chromogranin A, synaptophysin,
CD31, CD34 and ki-67 (10%). With these findings the diagnose of
parathyroid carcinomawasmade and he returned to our institution
for external beam radiation.

Hewas submitted to external beam radiationwith a total dose of
5940cGy in 33 fractions. He lost follow-up again in our institution,
and came back in 2014 with a PET CT result reporting focal high
metabolism in the neck and high metabolism pulmonary nodules
in the right and left lungs. The CT reported bilateral pulmonary
nodules. He was submitted then to pulmonary metastasectomies
twice in 2014 due to persistent elevated serum calcium levels.

There was still high serum levels of parathormone and calcium
in 2015. A PET CT scan demonstrated high metabolism on cervical
lymph nodes in level II bilaterally. CT imaging demonstrated no
abnormal lymph nodes or masses in the neck, but there was right
pulmonary nodes. He was again submitted to pulmonary metas-
tasis resection, but calcium control was not achieved. He was
evaluated for systemic chemotherapy, but the clinical oncology
group did not found it to be beneficial.

On 2016, his calcium levels are being clinically controlled, but
there has been persistent high levels and another metastatic
investigation is being made.

2.5.2. Case two
A 33 year-old male presented in Brazilian National Cancer

Institute on July of 2015 with a two-year history of bone pain and
pathologic fracture of the right clavicule one year before (Fig. 1). He
had no personal pathologic history, and the only family pathologic
history was type 2 diabetes in his mother and type one diabetes in
his father. A previous MRI demonstrated a 7.0 cm lesion in the right
umerus and dorsal spine CT showed litic lesions in vertebrae bodies
and ribs.

Laboratory findings demonstrated total serum calcium of
13.1 mg/dL (upper limit of 10.2 mg/dL) and serum PTH of 1985 pg/
mL (upper limit of 65 pg/mL). There was no renal function
impairment. Bone scintigraphy showed abnormal uptake in



Fig. 3. Tumor macroscopic and microscopic overview.
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multiples areas of axial and appendicular skeleton. Sestamibi
scintigraphy found abnormal uptake only in the right umerus bone.
Cervical ultrasonography demonstrated a solid, hypoechoic and
irregular nodule with some hyperechoic points suggestive of
psammomas bodies and a higher central blood flow, measuring
34 � 44 � 18mm in thyroid's right lobe topography.

On August of the same year, he was submitted to an exploratory
cervicotomy which findings were a tumor with around 3.5 cm
adjacent and invading the right thyroid lobe with extension to the
right tracheo-esophageal groove. A total thyroidectomy with levels
VI and VII dissection was performed (Fig. 2). Post-operative histo-
pathological reported parathyroid carcinoma with 32 mm infil-
trating the right thyroid lobe without vascular invasion (Figs. 3 and
4). All lymph nodes and the left thyroid lobe were free of malig-
nancy. Parathormone levels dropped from 2646 to 91.58 pg/dL on
the first day after surgery.

Onemonth after surgery, serum PTH levels became to rise again,
and so did serum total calcium levels. Cervical, thorax and
abdomen CT scans showed multiple spine litic lesions, deformity in
costal arches with multiples litic lesions and two left lung nodules
with 9 and 6 mm.

Thoracic surgery department did not indicate metastasis
resection due to costal arches lesions, and radiotherapy was also
ruled out.

On the last follow-up consultation on May 2016, patient com-
plained about bone pain, serum PTH level was 250 pg/dL, but with
normal calcium levels.
3. Discussion

We report two different cases of parathyroid carcinoma but
consistent with literature.7,43,50 Both demonstrate de clinical and
morphological variability of parathyroid carcinoma, which can
Fig. 2. The tumor adherent to the right thyroid lobe, without recurrent laryngeal nerve
involvement.
make diagnose of this neoplasm challenging.
The reported median ages in the largest series range from 54,5

years (14e88 years) to 57 years (10e89 years).5,51 Although our
patients were younger than the reported median ages, they were
within the age range of these reports.

The first case was diagnosed as parathyroid hyperplasia on
2002, when immunohistochemical analysis of parathyroid
neoplasm wasn't fully developed.7 Even though it hasn't been
found any evidence that parathyroid carcinoma arises from ma-
lignant transformation of preexisting benign lesions, hyper-
Fig. 4. Tumor macroscopic and microscopic overview.
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functioning parathyroid glands and/or familial disease have previ-
ously been associated with parathyroid cancer.7,52,53 Another
consistent finding was his past of familial hyperparathyroidism,
which has been associated to parathyroid carcinoma.4,54 Serum
calcium and PTH levels weren't high enough and intra-operative
findings didn't help on leading to malignancy suspicion.4,7,9,43 The
presence of increased mitotic activity, atypical mitoses and nuclear
atypia should raise the suspicion for an underlying malignancy.7

Based on the current evidence, loss-of-expression of parafi-
bromin, retinoblastoma protein (Rb), p27, Bcl-2a, mdm-2 and APC,
along with positivity for galectin-3, overexpression of p53 and
increased MIB-1 (Ki67) proliferation index (>5%) in immunohis-
tochemical staining has been suggested to confirm a diagnosis of
malignancy in a parathyroid tumor. Parafibromin, galectin-3 and
bcl-2 are the most helpful ancillary biomarkers.7

On the other hand, the second case had clinical and laboratory
findings that highly suggested parathyroid carcinoma. He pre-
sented with bone pain and lesions, PTH levels 30 times the normal
upper limit, and a primary lesion with typical ultrasonography
features, such as hypoecoic appearance, ill-defined borders, suspi-
cious vascularity and size larger than 15mm.3,15,25,30,31,55

The oncologic surgical approach that has been advocated as the
treatment of choice is en bloc resection with ipsilateral hemi-
thyroidectomy and, despite being controversial, central neck
dissection has been recommended as well on the grounds that
central compartment metastasis may occur in 15e30% of patients
and the procedure does not inflict significant risk.7 Nonetheless, the
second case presented with gross thyroid invasion involving the
right lobe entirely, thus it was performed total thyroidectomy with
neck dissection of the central compartment.

There is no formal AJCC/UICC TNM staging system for para-
thyroid cancer, and prognostic factors for this disease have not been
defined. The American Nacional Cancer Database report have not
found any prognostic value in tumor size and lymph node status.56

Two staging systems were elaborated based on histopathologic
criteria, regarding capsular invasion, invasion to surrounding soft
tissues, invasion of vital organs such as hypopharynx, trachea,
esophagus, larynx, recurrent laryngeal nerve and carotid artery,
and presence or absence of lymph node and distant metastasis.57,23

In a study evaluating prognostic factors, intraoperative tumor
rupture, locally advanced tumor and/or presence of lymph node
metastasis, and the presence of mitotic figures in the tumor pa-
renchyma cells were associated with tumor recurrence.56 The
presence of vascular invasion is probably the single most important
predictor of distant recurrence and metastasis.19,20,56,58 The com-
plete staging and risk assessment for the first case is T4N1M1, stage
IV, according to Shaha and Shah classification, and for Differentiated
Schulte classification as well, with all of the high risk features such
as vascular invasion, lymph node metastasis and vital organ inva-
sion and distant organ metastasis. The second case, is T3N0M1,
stage IV, according to Shaha and Shah classification, and T2N0M1,
stage IV, for Differentiated Schulte classification, with distant organ
metastasis (lung) as high risk feature.

Approximately one third of patients have metastatic lesions at
presentation and the most common site if metastasis is the lung
followed by liver and bone.4,5,40 When is the metastasis is operable,
its resection is recommended, which may include pulmonary re-
sections, hepatectomies, bone resections or craniotomies.5,43,52

Metastasectomies might not provide curative treatment, but they
are justified for the reduction of severe hypercalcemia and it has
been associated with improved survival, probably because mor-
tality in advanced metastatic parathyroid carcinoma is associated
mainly to severe hypercalcemia rather than mass effect. Even
incomplete resections can control calcium levels or facilitate
medical control of hypercalcemia.43,59 In light of these evidences,
the thoracic surgery department carried out with multiples meta-
stasectomies for the first case. The second patient, despite the
pulmonary metastasis, presented with multiple bone metastasis to
the spine and costal arches which contraindicated lung meta-
stasectomy. In patients with inoperable disease current treatment
modalities are limited and the most common measures concern
control of hypercalcemia.20

There is no large-multicentered randomized studies that cor-
roborates the use of radiotherapy or chemotherapy for parathyroid
carcinoma due to the rarity of the disease.9 Parathyroid carcinoma
is believed to be resistant to radiation, with disappointing results.
In SEER study, 9,8% of patients with parathyroid carcinoma received
radiation therapy and it was not associated with improved survival
rate. Nonetheless, several case series reported reduced recurrence
in patients submitted to radiation therapy.3,9,52 Our first case was
submitted to neck radiation and so far has no evidence of cervical
disease and the second patient was not eligible to radiation therapy.

Chemotherapy is usually used for patients with inoperable
disease, unsuitable for surgery, and there is no standard treatment
protocol. Some case reports showed benefit with dacarbazine,
alone or associated with fluorouracil and cyclophosphamide.
However there is no conclusive evidence supporting chemotherapy
for parathyroid carcinoma.43,60 The first patient, despite multiple
lung metastasectomies remained with hypercalcemia, however
systemic therapy was not indicated due to lack of supporting
evidence.

Ablative therapy may be an adjunct to palliation in parathyroid
cancer. Ethanol ablation guided by ultrasound with percutaneous
injection of 98% ethanol into the tumor can reduce PTH and calcium
serum levels. It has minimal side effects, but should be reserved to
palliative cases, due to potential tumor seeding along needle tracks
and risk of local nerve and tissue injuries.61 This strategy was not
successful for our first case.

Recently, it has been found promising results with denosumab, a
monoclonal antibody against receptor activator of nuclear factor kB
ligand inhibiting osteoclast development, activation and
survival.62e65 It has been approved for treatment of post-
menopausal osteoporosis and for the prevention of skeletal-related
events in malignancies bone metastasis. Since denosumab de-
creases calcium levels, it may counteract the hypercalcemic effect
of PTH.64 Denosumab have been compared with zoledronic acid in
patients with advanced malignancies in two randomized trials and
denosumab demonstrated a higher rate of hypocalcemia than the
latter.66,67

Besides, immunotherapy with autoantibodies against human
PTH has demonstrated good results in patients with metastatic
disease. Bradwel and Harvey induced auto-antibody formation
against PTH by using human and bovine PTH-like immunogenic
fragments, achieving serum calcium decrease, but without anti-
tumor effect. In 2004, Betea et al. reported the first cade of suc-
cessful immunization against PTH in a patient with parathyroid
carcinoma with hormonal and biochemical normalization accom-
panied by tumor regression.68,69 Yet, Horie and Ando, observed a
minimal remission, probably their case was highly aggressive.

Acknowledgements

Research Center of Brazilian National Cancer Institute.

References

1. DeQuervain F. Parastruma maligna aberrata [Malignant aberrant parathyroid].
Deusche Zeitschr Chir. 1904;100(1):334e352.

2. Sainton P, Millot J. Malegne dun adenoma parathyroidiene eosinophile [Ma-
lignant eosinophilic parathyroid]. Au cours dune de Recklinghausen. Ann Anat
Pathol. 1933;10(1):813e814.

http://refhub.elsevier.com/S2452-3364(16)30036-X/sref1
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref1
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref1
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref2
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref2
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref2
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref2


J.M. de Almeida Vital et al. / Journal of Oncological Sciences 3 (2017) 22e28 27
3. Busaidy NL, Jimenez C, Habra MA, et al. Parathyroid carcinoma: a 22-year
experience. Head Neck. 2004;26(8):716e726. http://dx.doi.org/10.1002/
hed.20049.

4. Wei CH, Harari A. Parathyroid carcinoma: update and guidelines for manage-
ment. Curr Treat Options Oncol. 2012;13(1):11e23. http://dx.doi.org/10.1007/
s11864-011-0171-3.

5. Hundahl SA, Fleming ID, Fremgen AM, Menck HR. Two hundred eighty-six
cases of parathyroid carcinoma treated in the U.S. between 1985 e 1995.
Cancer. 1999;86(3):538e544. http://dx.doi.org/10.1002/(SICI)1097-
0142(19990801)86:3<538::AID-CNCR25>3.0.CO;2-K.

6. Shane E. Clinical review 122: parathyroid carcinoma. J Clin Endocrinol Metab.
2001;86(2):485e493. http://dx.doi.org/10.1210/jcem.86.2.7207.

7. Duan K, Mete O. Parathyroid carcinoma: diagnosis and clinical implications.
Turk Patoloji Derg. 2015;31(Suppl. 1):80e97. http://dx.doi.org/10.5146/
tjpath.2015.01316.

8. Khan MW, Worcester EM, Straus 2nd FH, Khan S, Staszak V, Kaplan EL. Para-
thyroid carcinoma in secondary and tertiary hyperparathyroidism. J Am Coll
Surg. 2004;199:312e9. http://dx.doi.org/10.1016/j.jamcollsurg.2004.04.014.

9. Al-Kurd A, Mekel M, Mazeh H. Parathyroid carcinoma. Surg Oncol. 2014;23(2):
107e114. http://dx.doi.org/10.1016/j.suronc.2014.03.005.

10. Cryns VL, Thor A, Xu H-J, et al. Loss of the retinoblastoma tumor-suppressor
gene in parathyroid carcinoma. N Engl J Med. 1994;330(11):757e761. http://
dx.doi.org/10.1056/NEJM199403173301105.

11. Shattuck TM, Kim TS, Costa J, et al. Mutational analyses of RB and BRCA2 as
candidate tumour suppressor genes in parathyroid carcinoma. Clin Endocrinol
(Oxf). 2003;59(2):180e189. http://dx.doi.org/10.1046/j.1365-
2265.2003.01814.x.

12. Cryns VL, Rubio MP, Thor AD, Louis DN, Arnold A. p53 abnormalities in human
parathyroid carcinoma. J Clin Endocrinol Metab. 1994;78(6):1320e1324.

13. Schantz A, Castleman B. Parathyroid carcinoma. A study of 70 cases. Cancer.
1973;31(3):600, 5. 30. Rodgers SE, Perrier ND. Parathyroid carcinoma. Curr
Opin Oncol. 2006; 18(1):16e22. doi:10.1002/1097-0142(197303)31:3<600::
AID-CNCR2820310316>3.0.CO;2e0.

14. Rao SR, Shaha AR, Singh B, et al. Management of cancer of the parathyroid. Acta
Otolaryngol. 2002;122(4):448e452. http://dx.doi.org/10.1080/
00016480260000184.

15. Wynne AG, van Heerden J, Carney JA, Fitzpatrick LA. Parathyroid carcinoma:
clinical and pathologic features in 43 patients. Med. 1992;71(4):197e205.
http://www.ncbi.nlm.nih.gov/pubmed/1518393.

16. Hakaim AG, Esselstyn CB. Parathyroid carcinoma: 50-year experience at the
cleveland clinic foundation. Cleve Clin J Med. 1993;60(4):331e335.

17. Dudney WC, Bodenner D, Stack Jr BC. Parathyroid carcinoma. Otolaryngol Clin
North Am. 2010;43(2):441e453. http://dx.doi.org/10.1016/j.otc.2010.01.011.

18. Kebebew E. Parathyroid carcinoma. Curr Treat Options Oncol. 2001;2(4):
347e354. http://dx.doi.org/10.1007/s11864-001-0028-2.

19. Betea D, Potorac I, Beckers A. Parathyroid carcinoma: challenges in diagnosis
and treatment. Ann Endocrinol Paris. 2015;76(2):169e177. http://dx.doi.org/
10.1016/j.ando.2015.03.003.

20. Schulte K-M, Talat N. Diagnosis and management of parathyroid cancer. Nat
Rev Endocrinol. 2012;8(10):612e622. http://dx.doi.org/10.1038/
nrendo.2012.102.

21. Cavalier E, Betea D, Schleck ML, et al. The third/second generation PTH assay
ratio as a marker for parathyroid carcinoma: evaluation using an automated
platform. J Clin Endocrinol Metab. 2014;99(3). http://dx.doi.org/10.1210/
jc.2013-3730.

22. Cavalier E, Daly AF, Betea D, et al. The ratio of parathyroid hormone as
measured by third and second-generation assays as a marker for parathyroid
carcinoma. J Clin Endocrinol Metab. 2010;95(8):3745e3749. http://dx.doi.org/
10.1210/jc.2009-2791.

23. Shaha AR, Shah JP. Parathyroid carcinoma: a diagnostic and therapeutic chal-
lenge. Cancer. 1999;86:378e380. http://dx.doi.org/10.1002/(SICI)1097-
0142(19990801)86:3<378::AID-CNCR3>3.0.CO;2-F.

24. Shaha AR, Ferlito A, Rinaldo A. Distant metastases from thyroid and para-
thyroid cancer. ORL. 2001;63(4):243e249. http://dx.doi.org/10.1159/
000055749.

25. Sidhu PS, Talat N, Patel P, Mulholland NJ, Schulte K-M. Ultrasound features of
malignancy in the preoperative diagnosis of parathyroid cancer: a retrospec-
tive analysis of parathyroid tumours larger than 15 mm. Eur Radiol.
2011;21(9):1865e1873. http://dx.doi.org/10.1007/s00330-011-2141-3.

26. KITAPÇ IMT, TASTEKIN G, TURGUT M, et al. Preoperative localization of para-
thyroid carcinoma using Tc-99m MIBI. Clin Nucl Med. 1993;18(3). http://
journals.lww.com/nuclearmed/Fulltext/1993/03000/Preoperative_
Localization_of_Parathyroid_Carcinoma.7.aspx.

27. Evangelista L, Sorgato N, Torresan F, et al. FDG-PET/CT and parathyroid carci-
noma: review of literature and illustrative case series. World J Clin Oncol.
2011;2(10):348e354. http://dx.doi.org/10.5306/wjco.v2.i10.348.

28. Neumann DR, Esselstyn CB, Kim EY. Recurrent postoperative parathyroid car-
cinoma: FDG-PET and sestamibi-SPECT findings. Journal of nuclear medicine:
official publication. Soc Nucl Med. 1996;37:2000e2001.

29. Thompson LD. Parathyroid carcinoma. Ear Nose Throat J. 2009;88(1):722e724.
30. Hara H, Igarashi A, Yano Y, et al. Ultrasonographic features of parathyroid

carcinoma. Endocr J. 2001;48(2):213e217. http://dx.doi.org/10.1507/
endocrj.48.213.

31. Tamler R, Lewis MS, LiVolsi VA, et al. Parathyroid carcinoma: ultrasonographic
and histologic features. Thyroid. 2005;15(7):744e745. http://dx.doi.org/
10.1089/thy.2005.15.744.
32. Patel CN, Salahudeen HM, Lansdown M, Scarsbrook AF. Clinical utility of ul-

trasound and 99mTc sestamibi SPECT/CT for preoperative localization of
parathyroid adenoma in patients with primary hyperparathyroidism. Clin
Radiol. 2010;65(4):278e287. http://dx.doi.org/10.1016/j.crad.2009.12.005.

33. Al-Sobhi S, Ashari LH, Ingemansson S. Detection of metastatic parathyroid
carcinoma with Tc-99m sestamibi imaging. Clin Nucl Med. 1999;24:21e23.
http://dx.doi.org/10.1097/00003072-199901000-00005.

34. Vatimo A, Berteli P, Cintorino M, Burroni L, Volterrani D, Vella A. Identification
of Hürthle cell tumor by single-injection, double-phase scintigraphy with
technetium-99m-sestamibi. J Nucl Med. 1995;36:778e782.

35. Kassahun WT, Jonas S. Focus on parathyroid carcinoma. Int J Surg. 2011;9(1):
13e19. http://dx.doi.org/10.1016/j.ijsu.2010.09.003.

36. Clark P, Wooldridge T, Kleinpeter K, Perrier N, Lovato J, Morton K. Providing
optimal preoperative localization for recurrent parathyroid carcinoma: a
combined parathyroid scintigraphy and computed tomography approach. Clin
Nucl Med. 2004;29(11):681e684. http://dx.doi.org/10.1097/00003072-
200411000-00001.

37. Simonds WF. Parathyroid cancer and the CDC73 tumor suppressor gene. Int J
Endocr Oncol. 2014;1:59e69. http://dx.doi.org/10.2217/ije.14.2.

38. Weber AL, Randolph G, Aksoy FG. The thyroid and parathyroid glands: ct and
mr imaging and correlation with pathology and clinical findings. Radiol Clin
North Am. 2000;38(5):1105e1129. http://dx.doi.org/10.1016/S0033-8389(05)
70224-4.

39. Jones JJ, Brunaud L, Dowd CF, Duh QY, Morita E, Clark OH. Accuracy of selective
venous sampling for intact parathyroid hormone in difficult patients with
recurrent or persistent hyperparathyroidism. Surgery. 2002;132(6):944e951.
http://dx.doi.org/10.1067/msy.2002.128477.

40. Kebebew E, Arici C, Duh QY, Clark OH. Localization and reoperation results for
persistent and recurrent parathyroid carcinoma. Arch Surg. 2001;136(8):
878e885. http://dx.doi.org/10.1001/archsurg.136.8.878.

41. Seehofer D, Steinmuller T, Rayes N, et al. Parathyroid hormone venous sam-
pling before reoperative surgery in renal hyperparathyroidism: comparison
with noninvasive localization procedures and review of the literature. Arch
Surg. 2004;139(12):1331e1338. http://dx.doi.org/10.1001/
archsurg.139.12.1331.

42. Owen RP, Silver CE, Pellitteri PK, et al. Parathyroid carcinoma: a review. Head
Neck. 2011;33(3):429e436. http://dx.doi.org/10.1002/hed.21376.

43. Mohebati A, Shaha A, Shah J. Parathyroid carcinoma: challenges in diagnosis
and treatment. Hematol Oncol Clin North Am. 2012;26(6):1222e1238. http://
dx.doi.org/10.1016/j.hoc.2012.08.009.

44. DeLellis RA. Parathyroid tumors and related disorders. Mod Pathol.
2011;24(Suppl. 2):S78eS93. http://dx.doi.org/10.1038/modpathol.2010.132.

45. LiVolsi VA, Montone KT, Baloch ZN. Parathyroid: the pathology of hyperpara-
thyroidism. Surg Pathol Clin. 2014;7(4):515e531. http://dx.doi.org/10.1016/
j.path.2014.08.004.

46. Erovic BM, Harris L, Jamali M, et al. Biomarkers of parathyroid carcinoma.
Endocr Pathol. 2012;23(4):221e231. http://dx.doi.org/10.1007/s12022-012-
9222-P.

47. Baloch ZW, LiVolsi VA. Pathology of the parathyroid glands in hyperparathy-
roidism. Semin Diagn Pathol. 2013;30(3):165e177. http://dx.doi.org/10.1053/
j.semdp.2013.06.003.

48. Van der Walt J. Pathology of the parathyroid glands. Diagn Histopathol.
2012;18(6):221e233. http://dx.doi.org/10.1016/j.mpdhp.2012.03.006.

49. Delellis R. a. Challenging lesions in the differential diagnosis of endocrine tu-
mors: parathyroid carcinoma. Endocr Pathol. 2008;19(4):221e225. http://
dx.doi.org/10.1007/s12022-008-9050-2.

50. Diaconescu MR, Glod M, Costea I, Grigorovici M, Diaconescu S. Clinicopatho-
logical phenotype of parathyroid carcinoma. Therapeutic and prognostic af-
termaths. Chir (Bucur). 2015;110(1):66e71. http://www.ncbi.nlm.nih.gov/
pubmed/25800319.

51. Sadler C, Gow KW, Beierle EA, et al. Parathyroid carcinoma in more than 1,000
patients: a population-level analysis. Surg (United States). 2014;156(6):
1622e1629. http://dx.doi.org/10.1016/j.surg.2014.08.069.

52. Harari A, Waring A, Fernandez-Ranvier G, et al. Parathyroid carcinoma: a 43-
year outcome and survival analysis. J Clin Endocrinol Metab. 2011;96(12):
3679e3686. http://dx.doi.org/10.1210/jc.2011-1571.

53. Goldfarb M, O'Neal P, Shih JL, Hartzband P, Connolly JHP. Synchronous para-
thyroid carcinoma, parathyroid adenoma, and papillary thyroid carcinoma in a
patient with severe and long-standing hyperparathyroidism. Endocr P. R.
2010;15(5):463e468. http://dx.doi.org/10.4158/EP09075.CRR.SYNCHRONOUS.

54. Sharretts JM, Simonds WF. Clinical and molecular genetics of parathyroid
neoplasms. Best Pract Res Clin Endocrinol Metab. 2010;24(3):491e502. http://
dx.doi.org/10.1016/j.beem.2010.01.003.

55. Robert JH, Trombetti A, Garcia A, et al. Primary hyperparathyroidism: can
parathyroid carcinoma Be anticipated on clinical and biochemical Grounds?
Report of nine cases and review of the literature. Ann Surg Oncol. 2005;12(7):
526e532. http://dx.doi.org/10.1245/ASO.2005.06.005.

56. Villar Del Moral J, Jim�enez-García A, Salvador-Egea P, et al. Prognostic factors
and staging systems in parathyroid cancer: a multicenter cohort study. Surgery
(United States). 2014;156(5):1132e1144. http://dx.doi.org/10.1016/
j.surg.2014.05.014.

57. Schulte K-M, Gill AJ, Barczynski M, et al. Classification of parathyroid cancer.
Ann Surg Oncol. 2012;19(8):2620e2628. http://dx.doi.org/10.1245/s10434-
012-2306-6.

http://dx.doi.org/10.1002/hed.20049
http://dx.doi.org/10.1002/hed.20049
http://dx.doi.org/10.1007/s11864-011-0171-3
http://dx.doi.org/10.1007/s11864-011-0171-3
http://dx.doi.org/10.1002/(SICI)1097-0142(19990801)86:3<378::AID-CNCR3>3.0.CO;2-F
http://dx.doi.org/10.1002/(SICI)1097-0142(19990801)86:3<378::AID-CNCR3>3.0.CO;2-F
http://dx.doi.org/10.1210/jcem.86.2.7207
http://dx.doi.org/10.5146/tjpath.2015.01316
http://dx.doi.org/10.5146/tjpath.2015.01316
http://dx.doi.org/10.1016/j.jamcollsurg.2004.04.014
http://dx.doi.org/10.1016/j.suronc.2014.03.005
http://dx.doi.org/10.1056/NEJM199403173301105
http://dx.doi.org/10.1056/NEJM199403173301105
http://dx.doi.org/10.1046/j.1365-2265.2003.01814.x
http://dx.doi.org/10.1046/j.1365-2265.2003.01814.x
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref12
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref12
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref12
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref13
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref13
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref13
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref13
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref13
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref13
http://dx.doi.org/10.1080/00016480260000184
http://dx.doi.org/10.1080/00016480260000184
http://www.ncbi.nlm.nih.gov/pubmed/1518393
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref16
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref16
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref16
http://dx.doi.org/10.1016/j.otc.2010.01.011
http://dx.doi.org/10.1007/s11864-001-0028-2
http://dx.doi.org/10.1016/j.ando.2015.03.003
http://dx.doi.org/10.1016/j.ando.2015.03.003
http://dx.doi.org/10.1038/nrendo.2012.102
http://dx.doi.org/10.1038/nrendo.2012.102
http://dx.doi.org/10.1210/jc.2013-3730
http://dx.doi.org/10.1210/jc.2013-3730
http://dx.doi.org/10.1210/jc.2009-2791
http://dx.doi.org/10.1210/jc.2009-2791
http://dx.doi.org/10.1002/(SICI)1097-0142(19990801)86:3<378::AID-CNCR3>3.0.CO;2-F
http://dx.doi.org/10.1002/(SICI)1097-0142(19990801)86:3<378::AID-CNCR3>3.0.CO;2-F
http://dx.doi.org/10.1159/000055749
http://dx.doi.org/10.1159/000055749
http://dx.doi.org/10.1007/s00330-011-2141-3
http://journals.lww.com/nuclearmed/Fulltext/1993/03000/Preoperative_Localization_of_Parathyroid_Carcinoma.7.aspx
http://journals.lww.com/nuclearmed/Fulltext/1993/03000/Preoperative_Localization_of_Parathyroid_Carcinoma.7.aspx
http://journals.lww.com/nuclearmed/Fulltext/1993/03000/Preoperative_Localization_of_Parathyroid_Carcinoma.7.aspx
http://dx.doi.org/10.5306/wjco.v2.i10.348
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref28
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref28
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref28
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref28
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref29
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref29
http://dx.doi.org/10.1507/endocrj.48.213
http://dx.doi.org/10.1507/endocrj.48.213
http://dx.doi.org/10.1089/thy.2005.15.744
http://dx.doi.org/10.1089/thy.2005.15.744
http://dx.doi.org/10.1016/j.crad.2009.12.005
http://dx.doi.org/10.1097/00003072-199901000-00005
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref34
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref34
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref34
http://refhub.elsevier.com/S2452-3364(16)30036-X/sref34
http://dx.doi.org/10.1016/j.ijsu.2010.09.003
http://dx.doi.org/10.1097/00003072-200411000-00001
http://dx.doi.org/10.1097/00003072-200411000-00001
http://dx.doi.org/10.2217/ije.14.2
http://dx.doi.org/10.1016/S0033-8389(05)70224-4
http://dx.doi.org/10.1016/S0033-8389(05)70224-4
http://dx.doi.org/10.1067/msy.2002.128477
http://dx.doi.org/10.1001/archsurg.136.8.878
http://dx.doi.org/10.1001/archsurg.139.12.1331
http://dx.doi.org/10.1001/archsurg.139.12.1331
http://dx.doi.org/10.1002/hed.21376
http://dx.doi.org/10.1016/j.hoc.2012.08.009
http://dx.doi.org/10.1016/j.hoc.2012.08.009
http://dx.doi.org/10.1038/modpathol.2010.132
http://dx.doi.org/10.1016/j.path.2014.08.004
http://dx.doi.org/10.1016/j.path.2014.08.004
http://dx.doi.org/10.1007/s12022-012-9222-P
http://dx.doi.org/10.1007/s12022-012-9222-P
http://dx.doi.org/10.1053/j.semdp.2013.06.003
http://dx.doi.org/10.1053/j.semdp.2013.06.003
http://dx.doi.org/10.1016/j.mpdhp.2012.03.006
http://dx.doi.org/10.1007/s12022-008-9050-2
http://dx.doi.org/10.1007/s12022-008-9050-2
http://www.ncbi.nlm.nih.gov/pubmed/25800319
http://www.ncbi.nlm.nih.gov/pubmed/25800319
http://dx.doi.org/10.1016/j.surg.2014.08.069
http://dx.doi.org/10.1210/jc.2011-1571
http://dx.doi.org/10.4158/EP09075.CRR.SYNCHRONOUS
http://dx.doi.org/10.1016/j.beem.2010.01.003
http://dx.doi.org/10.1016/j.beem.2010.01.003
http://dx.doi.org/10.1245/ASO.2005.06.005
http://dx.doi.org/10.1016/j.surg.2014.05.014
http://dx.doi.org/10.1016/j.surg.2014.05.014
http://dx.doi.org/10.1245/s10434-012-2306-6
http://dx.doi.org/10.1245/s10434-012-2306-6


J.M. de Almeida Vital et al. / Journal of Oncological Sciences 3 (2017) 22e2828
58. Talat N, Schulte K-M. Clinical presentation, staging and long-term evolution of
parathyroid cancer. Ann Surg Oncol. 2010;17(8):2156e2174. http://dx.doi.org/
10.1245/s10434-010-1003-6.

59. Thompson SD. The management of parathyroid carcinoma. Curr Opin Otolar-
yngol. 2004:1e5. http://dx.doi.org/10.1097/00020840-200404000-00007.

60. Bukowski RM, Sheeler L, Cunningham J, Esselstyn C. SUccessful combination
chemotherapy for metastatic parathyroid carcinoma. Arch Intern Med.
1984;144(2):399e400. http://dx.doi.org/10.1001/
archinte.1984.00350140229032.

61. Stratigis S, Stylianou K, Mamalaki E, et al. Percutaneous ethanol injection
therapy: a surgery-sparing treatment for primary hyperparathyroidism. Clin
Endocrinol (Oxf). 2008;69(4):542e548. http://dx.doi.org/10.1111/j.1365-
2265.2008.03238.x.

62. Fountas A, Andrikoula M, Giotaki Z, et al. The emerging role of denosumab in
the long term management of parathyroid carcinoma-related refractory hy-
percalcemia. Endocr Pract. 2015:1e18. http://dx.doi.org/10.4158/EP14410.OR.

63. Karuppiah D, Thanabalasingham G, Shine B, et al. Refractory hypercalcaemia
secondary to parathyroid carcinoma: response to high-dose denosumab. Eur J
Endocrinol. 2014;171(1). http://dx.doi.org/10.1530/EJE-14-0166.

64. Vellanki P, Lange K, Elaraj D, Kopp PA, Muayed M El. Denosumab for
management of parathyroid carcinoma-mediated hypercalcemia. J Clin Endo-
crinol Metab. 2014;99(2):387e390. http://dx.doi.org/10.1210/jc.2013-3031.

65. Tong CV, Hussein Z, Noor NM, Mohamad M, Ng WF. Use of denosumab in
parathyroid carcinoma with refractory hypercalcemia. Q J Med. 2015;108:
49e50. http://dx.doi.org/10.1093/qjmed/hcu166.

66. Boikos SA, Hammers HJ. Denosumab for the treatment of bisphosphonate-
refractory hypercalcemia. J Clin Oncol. 2012;30(29). http://dx.doi.org/10.1200/
JCO.2012.41.7923.

67. Bradwell AR, Harvey TC. Control of hypercalcaemia of parathyroid carcinoma
by immunisation. Lancet. 1999;353(9150):370e373. http://dx.doi.org/10.1016/
S0140-6736(98)06469-1.

68. Betea D, Bradwell AR, Harvey TC, et al. Hormonal and biochemical normali-
zation and tumor shrinkage induced by anti-parathyroid hormone immuno-
therapy in a patient with metastatic parathyroid carcinoma. J Clin Endocrinol
Metab. 2004;89(7):3413e3420. http://dx.doi.org/10.1210/jc.2003-031911.

69. Horie I, Ando T, Inokuchi N, et al. First Japanese patient treated with para-
thyroid hormone peptide immunization for refraSctory hypercalcemia caused
by metastatic parathyroid carcinoma. Endocr J. 2010;57(4):287e292. http://
dx.doi.org/10.1507/endocrj.K09E-283.

http://dx.doi.org/10.1245/s10434-010-1003-6
http://dx.doi.org/10.1245/s10434-010-1003-6
http://dx.doi.org/10.1097/00020840-200404000-00007
http://dx.doi.org/10.1001/archinte.1984.00350140229032
http://dx.doi.org/10.1001/archinte.1984.00350140229032
http://dx.doi.org/10.1111/j.1365-2265.2008.03238.x
http://dx.doi.org/10.1111/j.1365-2265.2008.03238.x
http://dx.doi.org/10.4158/EP14410.OR
http://dx.doi.org/10.1530/EJE-14-0166
http://dx.doi.org/10.1210/jc.2013-3031
http://dx.doi.org/10.1093/qjmed/hcu166
http://dx.doi.org/10.1200/JCO.2012.41.7923
http://dx.doi.org/10.1200/JCO.2012.41.7923
http://dx.doi.org/10.1016/S0140-6736(98)06469-1
http://dx.doi.org/10.1016/S0140-6736(98)06469-1
http://dx.doi.org/10.1210/jc.2003-031911
http://dx.doi.org/10.1507/endocrj.K09E-283
http://dx.doi.org/10.1507/endocrj.K09E-283

	Two case reports of parathyroid carcinoma and review of the literature
	1. Introduction
	2. Objective
	2.1. Etiology
	2.2. Clinical and laboratory features
	2.3. Imaging
	2.4. Cytology and histopathology
	2.5. Case reports
	2.5.1. Case one
	2.5.2. Case two


	3. Discussion
	Acknowledgements
	References


