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Parathyroid carcinoma: molecular therapeutic targets
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Abstract
Parathyroid carcinoma (PC) is an extremely rare malignant tumor of the parathyroid glands, accounting for less than 1% of
primary hyperparathyroidism, commonly characterized by severe and unmanageable hypercalcemia, aggressive behavior,
high metastatic potential, and poor prognosis. PC manifests prevalently as a sporadic tumor and only occasionally it is part of
congenital syndromic and non-syndromic endocrine diseases. Molecular pathogenesis of this form of parathyroid tumor is
not fully elucidated and it appears to be caused by multiple genetic and epigenetic drivers, differing among affected patients
and not yet clearly stated in distinguishing PC from the benign parathyroid adenoma (PA). Congenital forms of PC have
been prevalently associated with germline heterozygous loss-of-function mutations of the CDC73 tumor suppressor gene,
both in the context of the hyperparathyroidism jaw-tumor syndrome (HPT-JT) and of the isolated familial
hyperparathyroidism (FIPH). Currently, surgical en bloc resection of affected gland(s) and other involved structures is
the elective therapy for both primary and recurrent PC. However, it usually results ineffective for advance and metastatic
disease, and a high percentage of post-operative recurrence is reported. Targeted medical therapies for surgically untreatable
PC, based on the molecular profile of PC samples, are, therefore, needed. The characterization of genetic and epigenetic
alterations and deregulated pathways in PC samples will be of fundamental importance to tailor treatment for each patient.
Here, we reviewed main findings on molecular pathogenetic aspects of PC, and the current state of the art of therapies.
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Introduction

Parathyroid carcinoma (PC) is the, extremely rare, malig-
nant form of parathyroid tumors, accounting for less than
1% of primary hyperparathyroidism (PHPT) in Western
Europe and North America and about 5–7.1% in China and
Japan [1].

Clinical presentation of PC is similar to the benign
counterpart, consisting in PHPT and hypercalcemia-derived
signs and symptoms, such as fatigue, bone and joint pain,

nephrolithiasis, decreased glomerular filtration rate, osteo-
porosis, fragility fracture, and neurocognitive and cardiac
dysfunctions. Unlike the benign counterpart, PC is often
associated with severe, commonly unmanageable, and drug-
refractory hypercalcemia, and more likely to induce
hypercalcemic crisis.

PC prognosis and overall survival depend on primary
tumor size, tumor stage, and invasion at the time of diag-
nosis and on the possibility to early remove all the cancer
tissue by surgery; the presence of one or more metastatic
lesions at diagnosis worsens the prognosis [2, 3]. About
10–30% of PC patients have distant metastases at pre-
sentation, mainly in lung, liver or bone. Unfortunately, in
about half of the cases, principally in advanced and meta-
static carcinomas, surgery is not curative, and disease per-
sistence and/or relapse occur in over 50% of patients [4].
The estimated overall survival rate in PC is 78–85% and
49–70%, respectively at 5 and 10 years, after the first
diagnosis [4, 5].

Pre-operative diagnosis of PC is difficult and rare.
Markedly elevated serum calcium (>14 mg/dl or
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>3.5 mmol/l) and/or parathyroid hormone (PTH) levels
3–10 times higher than the upper limit of normal are sus-
picious of malignancy, but they are not present in all PC
cases, and, alone, are not sufficient in clearly distinguishing
PC from parathyroid adenoma (PA). Imaging techniques are
useful to localize parathyroid tumor(s), but they are not
sufficiently specific or sensitive to assess malignancy.
Identification of lymphadenopathy in the neck region and/or
of presence of tumor local invasion by pre-operative ima-
ging could be a suspicion of PC and an indication for sur-
geon to perform a more extensive surgery. Fine-needle
tumor biopsy should be avoided because of the risk of
tumor capsule rupture and tumor cell spreading. Intra-
operative finding of local and/or vascular invasion and/or a
tumor mass greater than 3 cm in diameter are suspects of
malignancy and should be a guidance for a more aggressive
surgery. Definitive diagnosis of PC is usually made in the
post-operative setting, based on specific histological and
cytological characteristics of malignancy, such as signs of
capsular disruption and angiolymphatic invasion, thick
fibrous bands, presence of more than 6 mitoses per 10 high
power field, atypical mitotic figures, cell reduced cyto-
plasm/nucleus ratio, signs of necrosis and Ki67 marker
higher than 5% [4, 6], but in the majority of cases it is
operator-dependent. Reduction/absence of nuclear parafi-
bromin immunostaining in the tumor specimen may further
confirm the intra-operative and histological suspicion of PC.
Genetic profile of the resected tumor may aid in the defi-
nitive diagnosis of PC.

Molecular pathogenesis of PC

Molecular pathogenesis of PC appears as a complex picture.
In addition to germline mutations in specific genes, asso-
ciated with inherited syndromic and non-syndromic forms
of PC, such as CDC73, and, in extremely rare cases, MEN1
and RET, various somatic genetic and epigenetic alterations
were identified in cancer cells from both congenital and
sporadic PCs, differing among affected patients and not yet
clearly stated in distinguishing PC from the benign PA.

Whole-genome and whole-exome sequencing analyses
and studies of global gene and protein expression in PC
samples identified several mutated/altered genes and
deregulated epigenetic regulators, some of them specifically
found in malignant cancers compared to benign PA and/or
healthy parathyroid tissue. However, great variability in the
genetic/epigenetic profile was evidenced among different
PC samples, even in different tumor specimens from the
same patient, not allowing clearly identify which are the
effective molecular drivers of parathyroid cancer develop-
ment and malignant progression that could represent
molecular targets for PC medical therapies.

Loss of the tumor suppressor activity of the CDC73 gene
is the most common hallmark of PC, both in the inherited
and sporadic forms of the disease. Germline heterozygote
loss-of-function mutations of the CDC73 tumor suppressor
gene are detected in 50–75% of hyperparathyroidism jaw
tumor syndrome (HPT-JT) pedigrees, and in about 8% of
families with familial isolated hyperparathyroidism (FIHP)
[6], usually in association with somatic loss of hetero-
zygosity at the 1q31.2 locus or inactivation of the second
CDC73 allele, in cancer cells. Somatic inactivation or loss
of at least one CDC73 allele is found in 9–100% of sporadic
PC, depending on the analyzed series [7], and homozygote
CDC73 inactivation/loss is reported in 9–70% of cases.
Conversely, biallelic inactivation/loss of the CDC73 gene is
found in less than 5% of PAs. CDC73 encodes a ubiqui-
tously expressed, evolutionarily conserved, protein, named
parafibromin. In normal parathyroid cells, parafibromin is
located in the nucleus. Loss of nuclear immunostaining of
parafibromin is a common hallmark of PC cells, found in
33.3–100% of cases, compared to only 0–3.7% of multi-
glandular parathyroid hyperplasia and 0–17.6% of PAs [8].
Parafibromin is an essential component of the Polymerase-
Associated Factor 1 (PAF1) that is involved in the regula-
tion of gene transcription, elongation of gene transcripts and
mRNA 3’-end processing, in the control of cell cycle
and apoptosis, in the maintenance of chromosome stability,
and in the modulation of canonical Wnt and p53 signaling.
Loss of parafibromin activity is implicated in carcinogen-
esis, aggressive PC behavior, and poor prognosis. Restoring
wild type parafibromin expression and activity could
represent a suitable genetic therapy for the treatment of
CDC73-mutated PCs. Currently, no specific targeted ther-
apy or clinical trial has been conducted for treatment of PC
cases with germline or somatic CDC73 mutations.

Over-expression of cyclin D1, a positive regulator of the
cell cycle through the promotion of G1-S phase transition
via the activation of the cyclin-dependent kinases CDK4/
CDK6, is a common event in PC (29–71% of PC cases
depending on the analyzed series) [9, 10], caused by copy
number amplification of the cyclin D1-encoding gene
CCND1. Interestingly, 80% of PC cases with the CCND1
amplification were mutually exclusive with cases with
somatic inactivation/loss of the CDC73 gene [10]. The
cyclin D1 over-expression was frequently found also in
benign PAs, excluding this molecular alteration as respon-
sible for malignancy and suggesting that other concomitant
somatic genetic or epigenetic alterations may synergically
concur to the development of the malignant phenotype.

Various genes have been found mutated, at germinal and/
or somatic level, in PC tissues, by whole-genome and
whole-exome sequencing studies [9, 11–14].

Among the most commonly identified mutated genes in
PC there are those related to two important signaling
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pathways, the PI3K/AKT/mTOR pathway [9, 12–14] and
the Wnt signaling [9, 11].

The PI3K/AKT/mTOR pathway is a critical regulator
of cell growth and survival in physiological and patho-
logical conditions. Activating mutations in the PIK3CA
gene and inactivating mutation in the PTEN gene com-
monly occur in diverse human tumors, resulting in con-
stitutive activation of the PI3K/AKT/mTOR signaling and
being a key pathway in carcinogenesis [15]. Also in PC
samples were identified somatic mutations in genes of the
PI3K/AKT/mTOR pathway, such as the PIK3CA gene
(p.Lys111Glu, p.Gly118Asp, p.Glu545Ala, p.Gln546Arg,
p.Gln564Arg, p.His1047Arg) [9, 13, 14], the mTOR gene
(p.Leu1460Pro, p.Gln2524Leu) [9], and the PTEN gene
(p.Asp107Tyr, p.Arg130Gln, p.Phe90fsX1) [13, 14], or in
genes involved in the regulation of mTOR activity, such
as TSC1 (p.Val25Met, p.Arg177X, p.Arg228X) [5, 14]
and TSC2 (p.Ser9X, p.G654fsX2) [13]. Globally, somatic
genetic alterations that can activate the PI3K/AKT/mTOR
pathway were found in up to 20% of analyzed PC cases
[16], representing a major deregulated signaling pathway
in parathyroid carcinogenesis and a potential therapeutic
target for PC. A recent study by Riccardi et al. [17] found
somatic, heterozygous, activating mutations of the
PIK3CA gene in only 1% of the 391 analyzed typical,
sporadic PAs, suggesting that tumorigenic activation of
the PIK3CA enzyme could be strongly associated with
malignant PC rather than benign PA.

Wnt signaling pathways are implicated in the regula-
tion of cell growth and survival, and apoptosis through
the modulation of target gene expression. Deregulation of
Wnt signaling cascade has been tightly associated with
various types of human malignancies, in which Wnt
signaling affects maintenance of cancer stem cells,
metastasis, and immune surveillance [18]. Svedlund et al.
[19] found an absent or markedly reduced expression of
APC protein, a major inhibitor of activation of the beta-
catenin the intracellular signal transduction effector in the
Wnt canonical pathway, in 5 analyzed PC samples,
caused by hypermethylation of the promoter 1A of the
APC gene, resulting in an increased cytoplasmatic accu-
mulation of the non-phosphorylated active form of the
beta-catenin, and subsequent Wnt pathway activation,
compared to the adjacent normal parathyroid tissues.
Moreover, somatic inactivating mutations of the APC
gene (p.Thr297Ile, p.Glu1284Lys, p.Ala1793Gly) [9, 11],
as well as of another gene involved in the negative reg-
ulation of both the canonical and the non-canonical Wnt
pathways, the RNF43 gene (p.Gly659fs) [9] were iden-
tified in PC tissues. Amplification of the EZH2 gene at the
7q36.1 locus, encoding a histone 3 lysine 27 methyl-
transferase, was found in 60% of malignant PCs, showing
a significant over-expression of EZH2 mRNA and protein

compared to PAs and hyperplastic parathyroid glands,
associated with increased trimethylation of histone 3 on
lysine residue 27 (H3K27me3) [20]. In normal condi-
tions, the EZH2 enzyme epigenetically mediates, via
H3K27me3, the transcription repression of several Wnt
antagonists, including the growth-suppressive AXIN2
protein, a negative regulator of beta-catenin stability and
cytoplasmatic accumulation, in the absence of Wnt
ligand. Over-expression of EZH2 enzyme represses
AXIN2, significantly contributing to an aberrant accu-
mulation of the active form of beta-catenin in the cyto-
plasm and the consequent nuclear translocation, resulting
in the nuclear transduction of Wnt signaling that leads to
increased cyclin D1 expression and enhanced cell pro-
liferation [20]. Interestingly the hypermethylation of
promoters, and the subsequent expression repression, of
genes involved in the negative regulation of the Wnt
pathway was found in PC specimens: 1) APC [21], 2)
SFRP1, SFRP2, and SFRP4 [22], encoding three
antagonist decoy receptors of Wnt ligands, 3) RASSF1A
[21, 23], a tumor suppressor whose silencing leads to the
accumulation of active beta-catenin and activation of
Wnt-signaling-regulated gene transcription, and 4) HIC1
[24], encoding a transcription repressor that directly binds
beta-catenin and the TCF4 transcription factor, prevent-
ing them from activating Wnt-induced TCF-mediated
gene transcription. Finally, a significant up-regulation the
miR-222 was found in PC, with respect to PA and normal
parathyroid tissue [25]. Among known mRNA targets,
whose translation is inhibited by this microRNA
(miRNA), there are various negative regulators of the
Wnt/beta-catenin pathway, including DKK2, WIF2,
SFRP2, and AXIN2 [26]. Another miRNA that promotes
cell proliferation by regulating the Wnt/beta-catenin
pathway, the miR-372, was found to be over-expressed in
PC [25]. Data from all these studies evidenced the
importance of aberrant activation of the Wnt signaling
cascades in the carcinogenesis of parathyroid tissue, and
suggested the possibility to therapeutically target these
pathways, mainly the activation of beta-catenin in the
Wnt canonical pathway, to control cancer burden and
progression.

In the last decade, whole-exome and whole-genome
sequencing studies identified somatic variants/alterations in
various genes in PC samples [5, 9, 11, 13, 14]; identified
mutated genes have been summarized in a recent review by
Marini et al. [27]. The pathogenic role of these genes in PC
carcinogenesis is still unknown. Interestingly, no variants in
the glial cells missing-2 (GCM2) gene, encoding a para-
thyroid cell-specific transcription factor, were found in
whole-exome sequencing studies targeted on PC samples,
however, rare activating variants of the GCM2 gene were
found in patients who developed PC, either in the context of
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FIHP (Tyr394Ser, Ile383Met) [28, 29] or in sporadic PHPT
(Lys388Glu, Val382Met) [29–31].

Accumulating evidence indicates that deregulated
expression of non-coding RNAs, including both miRNAs
and long non-coding RNAs (lncRNAs), which are impor-
tant epigenetic regulators of gene expression, play a role in
cancer biology. Recent studies showed significant up-
regulation or down-regulation of specific miRNAs and
lncRNAs in PC samples, which could exert a pro-oncogenic
role in the carcinogenesis of parathyroid cells.

Among the deregulated miRNAs, miR-517c was the one
showing the most significant expression difference between
PC and PA, with the expression in PA being comparable
with that observed in normal parathyroids. In PC samples,
the up-regulation of miR-517c significantly correlated with
over-expression of miR-371 and miR-372, all these three
miRNAs maintaining the same deregulated expression
profiles both in primary PC and in matched metastases.
miR-517c over-expression also positively correlated with
higher serum levels of calcium and PTH, and a greater
weight of the resected tumor [25]. These findings indicated
miR-517c as potentially involved in determining the
malignant phenotype, and suggested this miRNA as a
potential target for molecular therapy in PC.

Interestingly, miR-126-5p was found to be down-
regulated both as intracellular miRNA in PC samples [32]
and as circulating miRNA in the serum samples of patients
with PC [33]. miR-126-5p is an endothelial-specific miRNA
having a tumor suppressor activity, which was shown to
modulate the vascular endothelial differentiation from
embryonic stem cells, and whose down-regulation showed
to induce cancer cell proliferation, migration, and invasion.
Indeed, among targets of miR-126-5p there are genes
involved in the regulation of cell adhesion and mobility,
such as CRK, EGFL7, and ADAM9, and in the regulation of
angiogenesis, such as EGFL7 and VEGF [34].

Higher levels of lncRNA BC200, a lncRNA whose up-
regulation was reported in a broad spectrum of tumor cells,
presumably being responsible for cell viability, invasion,
and migration, characterized both PC tissues [35] and serum
samples [36] from PC patients, compared with PAs. Intra-
cellular lncRNA BC200 levels allowed to categorize PCs
apart from both PAs and atypical parathyroid adenoma
(aPAs), and to selectively discriminate among the three
different tumor histotypes. Interestingly, serum levels of
circulating lncRNA BC200 in PC patients showed to sig-
nificantly reduce after parathyroidectomy [36] appearing as
directly correlated with the presence of parathyroid malig-
nancy. In addition, lncRNA BC200 resulted significantly
more up-regulated in the group of PCs with CDC73
mutations compared to those with wild type parafibromin,
in association with a more aggressive clinical phenotype
characterized by higher levels of calcium ion and PTH [35].

The present and the future of therapy for PC

Conventional therapies

Surgical eradication is the first-choice therapy, and, cur-
rently, remains the primary and most effective management
modality in the treatment of PC, either for primary tumors
or for recurrent disease. Severe hypercalcemia should be
controlled before surgery. Intra-operative recognition of
malignancy is extremely important to optimize surgery and
decide the extension of neck exploration and surgical
resection, since PC treatment requires a more radical sur-
gery than the benign counterpart. Initial surgery for PC
should involve the en bloc resection of the primary tumor
and ipsilateral thyroid lobectomy with gross clear margins,
paying particular attention to avoid the rupture of tumor
capsule, associated with the excision of adjacent involved
structures and/or local metastatic lymph nodes. Occasion-
ally, largely invasive tumors may request the resection of
trachea, portion of the esophagus, blood vessels, or bone.
The recurrent laryngeal nerve has to be preserved to
maintain vocal cord function and be resected only in case of
tumor invasion. Prophylactic dissection of non-metastatic
lymph nodes in the central neck nodal compartment did not
demonstrate to grant disease-free or survival benefit [37].
Intra-operative PTH dosage is not always informative to
assess the complete resection of cancerous gland(s), since
elevated PTH levels may be due to PHT-secreting distant
metastases. Disease relapse occurs in over 50% of operated
cases [38], generally after 2–3 years from surgery, mainly in
cases of advance and metastatic PC, and patients may
require reoperation. In recurrent and metastatic patients, the
prognosis is often poor, and metastatic cases usually die of
severe, drug-refractory hypercalcemia and renal insuffi-
ciency, rather than of the tumor burden itself.

Prophylactic parathyroidectomy to prevent PC in patients
with germline CDC73 mutations is not indicated, since not
all the carriers develop the malignant tumor. In these
patients, annual measurement of calcium, PTH, and
25(OH)-vitamin D, and periodic neck ultrasounds are
indicated. The suggested surgical approach for CDC73
mutation carriers consists of bilateral exploration of the
neck with identification of all the parathyroids and selective
resection of the affected gland(s), followed by post-
operative life-long surveillance for PC recurrence.

Adjuvant treatments with chemotherapy agents or
external beam radiation showed to be scarcely effective in
PC in terms of overall survival, since they appear unable to
control severe hypercalcemia and tumor progression. PC is
considered a chemo- and radioresistant cancer. These
therapies are, thus rarely used and prevalently restricted to
palliative therapy of inoperable advanced metastatic dis-
ease, or recurrent, disseminated PC not solved by surgery.
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Storvall et al. [39] demonstrated long-term cancer remis-
sion after 17-year of combined treatment with surgery,
external radiotherapy, cinacalcet, zoledronic acid, and the
chemotherapic molecule temozolomide (TEM) in a 48-year-
old woman with a recurrent metastasized PC. Interestingly,
the PC tissue showed a high methylation status in the pro-
moter of the O6-methylguanine DNA methyltransferase
(MGMT) gene, encoding a DNA-repairing enzyme that
counteracts the DNA-damaging effects of alkylating agents,
such as TEM. MGMT promoter high methylation enhances
the cytotoxic effects of TEM on cancer cells and it is known
to be a predictor of positive response to TEM treatment in
some tumors, such as aggressive pituitary tumors and pan-
creatic neuroendocrine tumors. MGMT promoter methylation
status has not been systematically investigated in PC, and
hypermethylation of MGMT promoter was not reported
among hypermethylated promoters found in PC samples. To
assess if highMGMT promoter methylation status is common
in malignant PCs and if MGMT promoter methylation testing
in PC samples could identify those patients with advanced
and disseminated PC who can benefit from TEM adminis-
tration, Storvall et al. [40] analyzed the state of MGMT pro-
moter methylation in tumor specimens from 11 PCs
(including also the PC case previously reported to be posi-
tively treated with TEM, named as PC9 [39]) and one aPA
from the daughter of PC9. The presence of high MGMT
promoter methylation was found only in the PC9 patient,
while all the other cases, included the aPA, showed a low-
methylated status, indicating that the hypermethylation of
MGMT promoter is an extremely rare event in PC. However,
despite the result of the study, authors [40] recommended
MGMT promoter methylation testing in recurrent PCs, not
curable by surgery, since, even if highly rare, the presence of
high methylation status could pharmacoepigenetically predict
a good treatment response to TEM.

Pharmacological therapies for the control of
calcemia

PC patients with an inoperable primary tumor, unresectable
neck recurrence, or PTH-secreting distant metastases may
experience hypercalcemic crisis, requiring hospitalization
with intravenous hydration, and administration of loop
diuretics, calcitonin and of bisphosphonates (usually intra-
venous pamidronate or zoledronic acid). Long-term control
of chronic hypercalcemia is required in these cases, mainly
consisting of bisphosphonates, the human anti-RANKL
monoclonal antibody denosumab, or receptor agonists of
the calcium-sensing receptor (calcimimetic molecules),
either administered alone or in combination. Cinacalcet, a
long-acting calcimimetic agent, showed to be effective in
reducing both PTH and serum calcium levels in about two-
thirds metastatic and inoperable PCs [41, 42].

When parathyroid surgery is followed by chronic hypo-
calcemia and hypophosphatemia, life-long therapy with
calcium and calcitriol, or active vitamin D analogs, is
required.

Promising targeted therapies

The off-label administration of some medical therapies
targeting molecular pathways that resulted to be deregulated
in a percentage of PC cases and, currently, approved for the
treatment of some human malignancies, but not PC, was
reported in clinical case reports of selected PC patients,
mainly based on the individual PC genetic profile, showing
promising results that need to be confirmed in larger case
series.

The PI3K/AKT/mTOR signaling represents the second
most frequently altered pathway, after the p53 pathway in
human cancer [43], playing a central role in cancer initiation
and progression. Therapies utilizing mTOR inhibitors are
used to reduce the high mTOR signaling levels in various
cancer types [43]. Somatic gene mutations that con-
stitutively activate the PI3K/AKT/mTOR pathway were
found in about up to 20% of PC cases [16], thus, the use of
mTOR inhibitors could be an effective therapy in PC
patients having these mutations. Currently, only one study
[14] reported systemic therapy with everolimus, an mTOR
inhibitor, in association with vendetanib, (an antiangiogenic
drug), in a patient with metastatic PC and recurrent severe
hypercalcemia and primary hyperparathyroidism after two
not resolving surgeries (a unilateral parathyroidectomy and
a neck dissection), positive for two somatic mutations in the
TSC1 gene (Arg228X and Val25Met), a known regulator of
the PI3K/AKT/mTOR pathway (Table 1). After 2 months
and half of treatment, the patient presented a better control
of hypercalcemia (dropping from 12.6 to 13.7 mg/dl before
treatment to 10–11 mg/dl) and a stable disease both at the
neck and the liver metastases. No long-term effects of
treatment could be assessed since the patient voluntarily
withdrew from drug use to undergo reoperation of the neck
and radiofrequency ablation of multiple liver metastases,
which allowed the biochemical and biological control of her
disease.

Angiogenesis plays a critical role in the growth of solid
tumors that need a blood supply of oxygen and nutrients if
they are to grow beyond a few millimeters in size, and
several angiogenesis inhibitors are approved to treat various
types of human malignancies. Lazaris et al. [44] showed
increased angiogenesis in PAs compared with parathyroid
proliferative lesions, by positive immunohistochemical
staining of three markers of angiogenic endothelial cells, the
endoglin (CD105), an endothelial cell proliferation-
associated protein, the angiogenesis inductor VEGF, and
the VEGF-R2 a tyrosine kinase receptor expressed by
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endothelial cell precursors. The study of Lazaris et al. did
not include PC samples, however, genetic alterations sus-
pected to promote angiogenesis have been reported in PCs,
suggesting the possibility to use antiangiogenic drugs to
prevent/block tumor growth in primary tumors and matched
metastases in a percentage of patients, based on their PC
somatic genetic profile. A study of Kang et al. [13] found
mutations in the KDR gene, encoding the pro-angiogenic
VEGF-R2 protein, in 13% of analyzed PC cases, and
mutations in other genes involved in the regulation of
angiogenesis were reported in PCs (i.e., EPHB4, PTPRB,
VCAN) [5, 14]. Recently, Chen et al. [45] reported that
somatic mutations in KDM5C, a gene encoding a lysine
histone demethylase and found mutated in PCs by three
different studies [5, 9, 13], correlate with high angiogenesis.

Results of off-label treatment with specific anti-
angiogenic inhibitors, the tyrosine kinase inhibitors (TKIs),
were published in six PC case reports [13, 14, 46–48], one
with a somatic mutation of the KDR gene and one with a
somatic mutation of the KDM5C gene, all six showing a
positive response to therapy in terms of better control of
hypercalcemia, stabilization of cancer, and/or reduction of
size of metastases (Table 1). TKIs appear to be a suitable
medical therapy for PC, since they not only are effective in
suppressing angiogenesis and growth in solid tumors but
they were shown to be able to effectively control hyper-
calcemia and inhibit bone resorption [48].

Clinical and genetic features of off-label treated PC case
reports, administered treatment(s) and main outcomes are
resumed in Table 1.

Conclusions

The extreme rarity of PC made it impossible to date to have
standardized information and guidelines on diagnosis and
treatment for primary tumors, advanced and metastatic
disease, and recurrences. Pre-operative biochemical and
instrumental diagnosis remains a challenge, letting the
decision for the most adequate surgical approach only on
the judgment of the surgeon based on intra-operative find-
ings about tumor size and aspect, and presence of local and/
or vascular invasion. In case of suspicion for possible
malignancy, the best initial surgery is the en bloc resection
of tumor(s) and all the involved structures in the neck
compartment. However, in case of advanced and/or meta-
static disease, surgery is often ineffective, and permanence
of hypercalcemia and disease recurrence are frequent,
associated with a poor prognosis. Control of hypercalcemia
is achieved in some inoperable cases by pharmacological
treatments with bisphosphonates, denosumab, and calcimi-
metics, alone or in combination. Radiotherapy and systemic
chemotherapy appear to be ineffective for PC, and they are

rarely used only in selected cases of metastatic tumors. Few
case reports demonstrated the efficacy of some targeted
therapies, focusing on the importance of personalized pre-
cision medicine based on the somatic genetic profile of PC.
Collaborative research and the creation of international
multicentre patient databases and tumor biobanks are of
vital importance to improve PC diagnosis and optimize
treatment options.
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