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Background: Parathyroid carcinoma is rare, representing <1% of primary

hyperparathyroidism cases.

Methods: Retrospective data of patients referred for evaluation of parathyroid

disease between 2001 and 2018 were reviewed. The goal was to describe the

clinical presentation, histopathologic characteristics, and treatment outcomes of

parathyroid carcinoma.

Results: We identified 8 cases of parathyroid carcinoma from the outpatient practice

of a quaternary care Endocrine Oncology practice in Toronto, Canada. The clinical

presentation was as follows: 5/8 cases (62.5%) of symptomatic hypercalcemia and 3/8

cases (37.5%) of a suspicious thyroid nodule. Hypercalcemia was evident in all 7 cases

with pre-operative calcium measurements. Histopathologic features included: vascular

invasion in 7/8 cases (87.5%) and immunohistochemical loss of either parafibromin,

retinoblastoma, or p27 in all 8 cases. Additional treatment included: external beam

radiotherapy in 5/8 cases (62.5%), chemotherapy for 2/8 patients (25%), and additional

surgery for 3/8 patients (37.5%). Only 2 patients (25%) had long-term remission following

surgical treatment, and the others had either persistent (3 patients) or recurrent disease

(3 patients). Five patients developed metastatic disease, all involving lung. In one of two

patients treated with Sorafenib there was evidence of regression of lung metastases. One

patient died of disease progression.

Conclusion: In this series of patients with parathyroid carcinoma largely presenting

with symptomatic hypercalcemia and angioinvasive disease, only a minority achieved a

durable remission. Lung was the most common site of distant metastasis. Surgery led to

remission in two cases, but none of the six patients with persistent or recurrent disease

ultimately achieved disease remission.
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INTRODUCTION

The diagnosis of parathyroid carcinoma is usually determined
at pathology examination following surgery for a suspected
parathyroid neoplasm or for another indication, as there are
no reliable preoperative tests to confirm this diagnosis (1).
While most patients with parathyroid cancer present with
functioning lesions and hyperparathyroidism, some may have
normal parathyroid hormone (PTH) levels (2, 3). As this is a
very rare disease, accounting for <1% of all cases of primary
hyperparathyroidism, data regarding the diagnosis, treatment
modalities and outcomes are limited (1, 4, 5).

The diagnosis of parathyroid carcinoma must be made by the
pathologist on the surgically resected tumor and is, therefore,
typically post-operative. Occasionally there can be preoperative
documentation of distant or lymph node metastasis or gross local
invasion into adjacent organs, but these are more often identified
by the pathologist; the diagnosis may also be confirmed in the
absence of gross invasion or metastasis when there is unequivocal
perineural, lymphatic, and/or vascular invasion identified on
histopathology. The findings of fibrosis, necrosis and increased
mitotic activity are worrisome histological findings but not do
not necessarily warrant the diagnosis of malignancy, as they can
be seen in parathyroid hyperplasia or adenomas that have been
physically manipulated (6–9).

The American Joint Committee on Cancer (AJCC) eighth
edition of cancer staging has recently proposed a classification
of these tumors. Staging of the primary tumor (T) is as follows:
localized to the parathyroid gland with limited extension to soft
tissue (T1); direct invasion into the thyroid gland (T2); direct
invasion into recurrent laryngeal nerve, esophagus, trachea,
skeletal muscle, adjacent lymph nodes, or thymus (T3); or
direct invasion into major blood vessel or spine (T4). Staging
of regional lymph nodes (N) includes: no regional lymph
node metastasis (N0); metastasis to regional lymph nodes (N1),
including metastasis to level VI or VII (N1a) or to levels I, II,
III, IV, V, or retropharyngeal nodes (N1b). Staging of distant
metastasis (M) is, as for other tumors: no distant metastasis (N0)
or with evidence of distant metastasis (M1). However, as the
available data on tumor characteristics and prognosis are limited,
no prognostic stage groups were suggested (10).

Previous studies have shown that surgical intervention has the
best chance of disease control and long-term remission (4, 5).
Sandelin et al. reported a median time from initial surgery to
first recurrence of 33months (range 1–228months), withmedian
survival time from the first recurrence to death of 28 months
(range 0–129months). The 5 year and the 10 year overall survival
in their study was 85 and 70%, respectively. A review from the
National Cancer Database reported a 5-year survival rate of 86%
and 10-year survival rate of 49% (11).

There is some uncertainty regarding the benefit of external
beam radiotherapy (EBRT) for prevention of recurrent
disease. The American Association of Endocrine Surgeons
published guidelines for definitive management of primary
hyperparathyroidism stating that adjuvant EBRT should not
be routinely performed after surgical resection of parathyroid
cancer, suggesting that radiation should be reserved as a palliative
option (12). There are very limited data in the medical literature

regarding other treatment modalities specifically targeted
against this rare endocrine carcinoma. Limited guidelines are
available for medical treatment of parathyroid cancer, and the
aforementioned guidelines by the American Association of
Endocrine Surgeons did not include specific recommendations
for drug treatment.

The aim of this study was to describe the clinical presentation,
histopathologic characteristics, and treatment outcomes of
patients with surgically-treated parathyroid carcinoma.

METHODS

In this retrospective chart review, we reviewed the records of all
patients referred for evaluation and management of parathyroid
disease at the Endocrine Oncology Clinic of one of the authors
(SE) at the Princess Margaret Cancer Centre, Toronto, Ontario,
between 2001 and 2018. Cases were identified using clinical
scheduling records which were linked to billing diagnostic codes,
and screening of the electronic and paper medical records of
those with relevant billing codes.

The data from the electronic or paper health records was
abstracted and entered into an electronic spreadsheet (Excel,
Microsoft) by a study investigator (AA) and checked for accuracy
by the treating physician (SE). The diagnosis of parathyroid
cancer was based on the presence of invasive histopathologic
features (e.g., vascular invasion, lymphatic invasion, perineural
invasion or local gross malignant invasion into surrounding
structures) of the primary tumor or the presence of biopsy-
proven distant and/or nodal metastatic disease.

The study was restricted to surgically treated cases, where
review of the surgical pathology was performed by the same
two experienced endocrine pathologists (SLA; OM) to ensure
consistency of detailed histopathologic features. All the pathology
samples were reviewed and their reports in the electronic medical
record detailed the status of vascular invasion (defined by tumor
cells invading through a vessel wall and/or intravascular tumor
cells admixed with thrombus), lymphatic invasion, perineural
invasion, invasion of other tissues, surgical margin involvement,
immunohistochemical reactivity of p27, parafibromin, and Rb,
as well as the Ki67 labeling index. Both pathologists agreed in
advance on the criteria for the diagnosis of vascular invasion (13).
All patients were followed by a single Endocrine Oncologist (SE).
The typical post-operative follow-up protocol included clinical,
biochemical, and radiological follow-up. Remission was defined
by the presence of low or appropriate PTH and calcium levels and
no evidence of structural disease on cross-sectional imaging.

We summarized the data descriptively, including numbers
and percentages for categorical data and mean or median and
standard deviation (SD) or range for continuous data. The
study was approved by the institutional research ethics board of
University Health Network. Informed consent was not required
for this retrospective chart review.

RESULTS

We reviewed 219 patients referred for parathyroid disease;
175 patients were found to have hyperparathyroidism, 14
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patients were managed for hypoparathyroidism, and 30 patients
were found to have normal parathyroid function. Of the 175
patients with hyperparathyroidism, 149 individuals had primary
hyperparathyroidism, including 9 patients with parathyroid
carcinoma; 22 cases were secondary hyperparathyroidism; 3
were tertiary hyperparathyroidism; one patient had familial
hypocalciuric hypercalcemia. Of the parathyroid cancer cases,
one was excluded as the pathology sample from another
institution was not available for review. We ultimately included 8
patients (5 women, 3 men) with parathyroid carcinoma meeting
our study eligibility criteria (with mean age ± SD at diagnosis
of 53.5 ± 10.4 years, Table 1). The mean ± SD follow-up was
6.2 ± 3.8 years. The family history was negative for parathyroid
carcinoma in all cases.

Clinical Presentation
The diagnosis of parathyroid carcinoma was made at the
time of histopathologic examination after surgical resection in
all cases. Calcium levels were elevated in all seven patients
who had these measured preoperatively (mean ± SD before
surgery 3.7 ± 0.8 mmol/L; mean PTH ± SD levels before
surgery 64.9 ± 63.3 pmol/L). Pre-operative management was
not standardized, as some of these patients were referred only
after the histopathologic diagnosis of parathyroid carcinoma was
made after surgery.

Investigation of a neck mass led to diagnosis of a thyroid
nodule in three patients (patients #1–3) who were referred for
thyroidectomy; the pathology report following surgery revealed
parathyroid carcinoma. One of these patients (patient #3), had
been investigated for weight loss and constipation, leading to
the diagnosis of hyperparathyroidism, and a neck ultrasound
revealed a 3.5 cm hypoechoic nodule in the lower pole of
the right thyroid that was suspicious for differentiated thyroid
cancer on fine-needle aspiration biopsy. The patient underwent
total thyroidectomy and the pathology was consistent with
angioinvasive and widely invasive parathyroid carcinoma arising
from the right parathyroid gland and involving the thyroid and
the painted resection margins. In five other patients (patients
#4–8), surgery was indicated for primary hyperparathyroidism
identified during investigation of symptomatic hypercalcemia,
including one case of kidney stones (patient #6), hypercalcemia-
induced pancreatitis (patient #5), and other symptoms associated
with high calcium levels such as bony aches, polyuria, polydipsia,
and constipation (patients #4, #7, and #8). One of these
patients (patient #4) presented to the emergency room with
severe life-threatening hypercalcemia (calcium 5.0 mmol/L, PTH
27.8 pmol/L) and mental changes, was hospitalized in the
intensive care unit and an ultrasound examination revealed a
6 cm mass in the right paratracheal area, as well as a mass
in her right ipsilateral thyroid. This patient had an emergent
right subtotal thyroidectomy with right parathyroidectomy,
mediastinal dissection and right zone 6 neck dissection. The
pathology revealed parathyroid carcinoma, as well as follicular
variant papillary thyroid carcinoma.

In this case series, the parathyroid tumor was found mainly
on the right side (6/8 patients, 75%). Only one patient was
diagnosed with distant metastases immediately following the

diagnosis of parathyroid carcinoma (patient #1), and these
included metastases to the lungs, bone (hip) and liver. Four other
patients (patient #3, #6, #7, and #8) had no evidence of metastasis
at baseline, but developed metastases during follow-up, with
evidence of lung metastases in all of them. Germline DNA testing
for CDC73/HRPT2 was performed based on the documentation
of loss of parafibromin by immunohistochemistry staining
in three patients (patients #1, #7, #8); germline pathogenic
mutations were not found in these patients.

All patients had a history of kidney stones, which were
symptomatic in all but one patient (patient #4). There was no
history of bony fractures in any of the patients, and preoperative
bone mineral density results were not available. One patient
(patient #8) had prior surgeries on his right humerus and left
hip, all performed at another institution; these were possibly
brown tumors.

Histopathologic Findings
The pathology characteristics are summarized in Table 2. The
mean tumor size was 49.0± 26.5mm in the 6 patients for whom
preoperative imaging results were available, as the remaining 2
patients were initially treated elsewhere. Vascular invasion was
evident in 7 patients, and indeterminate in one patient (patient
#1). Lymph node involvement was reported in two patients
(patient #3 and #7); positive margins were evident in six patients
(patients #1–4, #6, and #8). The adjacent thyroid was invaded in
all of these patients; local gross invasion to other adjacent tissues
was identified in one patient (patient #1) and perineural invasion
was documented in one case (patient #7).

In addition to immunohistochemical biomarkers of
parathyroid differentiation including chromogranin-A and
parathyroid hormone and GATA3, the expression profile of
biomarkers that may represent potential markers of malignancy
or targets for novel therapies was also examined in these cases.
Loss of p27 was found in six cases (patients #1, #2, #4, #5–7),
while in 4 cases there was parafibromin loss (patients #1, #5,
#7, and #8). Loss of Rb was reported in six patients (patients
#1–3, #5, #6, and #8). Staining for p53 was done in 7 of 8
cases and showed no evidence of misexpression in all seven
(i.e., no complete loss and no diffuse positivity). In two cases
examined for further ancillary testing, galectin-3 was positive
in both cases (patients #4 and #7), while BCL2 staining was
retained in one (patient #4) and reduced in the other (patient
#7). The Ki67 labeling index was available for 6 of 8 tumors;
in three patients it was approximately 5% (patients #2, #4, #5),
while in three others it was ≥15% (patients #3, #7, and #8). Of
note, there were five patients who developed metastases during
follow-up; the Ki67 labeling index was available for three of these
patients, and in all three it was ≥15% in the primary tumor. The
Ki67 data of the other two patients with metastatic disease was
not available.

The TNM staging of the cancer is shown in Table 1. One
patient had metastatic disease (M1) on presentation, two patients
had evidence of regional lymph node metastasis (N1), while
in 4 patients the nodal status was unknown (Nx). Half of the
patients had tumor localized to the parathyroid gland with
limited extension to soft tissue (T1) (Table 1).

Frontiers in Endocrinology | www.frontiersin.org 3 October 2019 | Volume 10 | Article 731

https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Akirov et al. Parathyroid Carcinoma

TABLE 1 | Clinical data and therapeutic approaches for eight patients with parathyroid carcinoma.

Patient

number

Follow-up

(years)

Stage Surgical intervention Radiation

(Gy)

Chemotherapy Metastasis

at baseline

Metastasis

during FU

Outcome Exitus

#1 3.5 T3N0M1 Total Thyroidectomy 56 – Lung, hip Lung, hip liver Persistent disease –

#2 6.4 T1NxM0 Rt. Hemithyroidecomy – – – – Remission –

#3 3.6 T2N1M0 Total Thyroidectomy 60 – – lung Persistent disease + (Parathyroid

cancer)

#4 4.6 T1N0M0 Right Subtotal Thyroidectomy +

Right Parathyroidectomy +

Mediastinal Dissection + Right

neck dissection

– – – – Remission –

#5 6.7 T1NxM0 Three Surgeries – Resection of

right superior PTA >> Right

subtotal thyroidectomy + removal

of multiple small nodules in the

infero-lateral aspect of the gland

and sternomastoid muscle >>

Right central neck dissection

66 – – – Initial remission,

followed by

recurrent disease.

–

#6 13.9 T2NxM0 Two Surgeries – Right

Hemithyroidectomy + Right

Inferior Parathyroidectomy >>

Right neck dissection

50 – – lung Initial remission,

followed by

recurrent disease.

+ (Colon

adenocarcinoma)

#7 2 T2N1M0 Total Thyroidectomy + Central

and Left neck dissection

– SORAFENIB – lung Persistent disease –

#8 8.8 T1NxM0 Lt. Parathyroidectomy + Small

margin of the thyroid >>

Thoracotomy with neck

dissection, resection of

mediastinal mass, part of the

manubrium and clavicular head,

sternum, first rib

66 CAP-TEM >>

Etoposide-

Cisplatin >>

investigational

therapy >>

Sorafenib >>

Everolimus

– liver, skeletal,

lung,

peritoneum,

lymph nodes.

Initial remission,

followed by

recurrent disease

–

Pre-operative FNA was performed in two of the three patients
(patients #1–3) who were referred for surgical intervention due
to suspected thyroid nodules; these resulted in an indeterminate
result in one (patient #2) and a diagnosis of “suspicious for
papillary thyroid cancer” in the other (patient #3). All these
patients were found to harbor parathyroid carcinoma, with no
evidence of thyroid malignancy. However, in four of six patients
with primary hyperparathyroidism (patients #4, #5, #7, and
#8), who were referred for surgical intervention for parathyroid
disease, there was an incidental finding of papillary thyroid
cancer, with three cases of microcarcinoma (patients #5, #7, and
#8), and one case (patient #4) diagnosed with a 1.8 cm oncocytic
follicular variant papillary thyroid carcinoma.

Treatment
As shown in Table 1, five patients underwent only one surgical
intervention. Two patients had total thyroidectomy (patients #1
and #3), one patient (patient #2) had right hemithyroidecomy
for a suspicious nodule. Two patients (patients #6 and #8) had
two surgeries (patient #6: right hemithyroidectomy with right
inferior parathyroidectomy followed by neck dissection; patient
#8: subtotal thyroidectomy with left inferior parathyroidectomy,
followed by thoracotomy with neck dissection, resection of
mediastinal mass, part of the manubrium and clavicular head,
sternum, and first rib), while another patient (patient #5) had
three surgeries, including initial resection of the right superior

parathyroid gland, followed by right subtotal thyroidectomy with
removal of multiple small nodules in the infero-lateral aspect
of the gland and sternomastoid muscle, and eventually a right
central neck dissection.

Regarding the two patients without a diagnosis of
hyperparathyroidism prior to the surgery (patients #1 and #2),
one of them (patient #1) did not have PTH levels measured
before surgery, however during post-operative follow up she
was diagnosed with hyperparathyroidism and hypercalcemia.
The other patient (patient #2) developed hypocalcemia with
hungry bone syndrome after surgery, although she only had
right hemithyroidectomy, as the indication for surgery was a
suspected thyroid lesion. These findings, along with the fact that
all patients had a history of kidney stones, suggest that all the
patients in this cohort had functional hyperparathyroidism likely
attributable to their disease.

External beam radiation treatment (EBRT) to the neck was
administered to five patients (patients #1, #3, #5, #6, and #8),
at doses ranging between 50 and 66Gy. This line of treatment
was chosen due to persistent disease following surgery in 4 of 5
patients (patients #1, #3, #5, and #8). Right recurrent laryngeal
palsy before the surgery and uncontrolled hypercalcemia
following the parathyroid surgery was the indication for EBRT
in the remaining patient (patient #6). Three patients went into
remission following surgical and radiation treatment (patients
#5, #6, and #8), but two of them (patients #6, and #8) were later
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% diagnosed with recurrent local and distant disease. In the other

two patients (patients #1, and #3) there was evidence of residual
disease, both local and distant, and one (patient #3) passed away
from his parathyroid cancer during the follow-up period.

Additional systemic therapies were used to control
hypercalcemia; cinacalcet was used in one patient (patient #6),
zoledronate was used in two patients (patients #7 and #8) but
later was switched to denosumab 120mg, which was also used in
another patient (patient #3) with good response.

Sorafenib was used in two patients (patient #7 and #8) with
evidence of metastatic disease following parathyroid surgery.
Patient #7 received initially denosumab 120mg every month for
hypercalcemia, but as he developed lung metastasis, treatment
with sorafenib 400mg, twice daily, was initiated and imaging
after 3 months revealed regression of the lung nodules.
Patient #8 began treatment with sorafenib following disease
progression with previous treatments, including combination
of capecitabine and temozolomide, cisplatin and etoposide,
zoledronate, denosumab, and an investigational drug. Due to
disease progression the patient was then placed on everolimus.

Outcomes
Remission

Remission was defined by the presence of low or appropriate
PTH and calcium levels and no evidence of structural disease on
cross-sectional imaging.

Following the first surgical intervention, five patients went
into remission (patients #2, #4, #5, #6, and #8); including one
patient (patient #6) that shortly after right hemithyroidectomy
and right inferior parathyroidectomy had EBRT.

Two of the patients (patients #2 and #4) remained in remission
at the end of follow-up, with no further treatment and without
evidence of recurrent biochemical or structural disease. Both
of them developed hypocalcemia after the surgery requiring
treatment with calcium and calcitriol, although in both cases, the
surgical intervention did not include removal of all parathyroid
glands or total thyroidectomy. In both patients with sustained
remission, pathology did not reveal lymph node involvement,
and Ki67 was 5% in both cases.

In both patients that went into long-term remission at the
end of follow-up after parathyroid surgery, the initial tumor
was localized to the parathyroid gland with limited extension to
soft tissue (T1), with no clear evidence of regional lymph node
metastasis (N0 or Nx).

Recurrent Disease

Three patients achieved remission after the first surgery, but later
developed recurrent disease (patients #5, #6, and #8). The time
interval between the first surgery and the recurrence was 22, 36,
and 58 months, respectively.

In all the patients with evidence of recurrent disease,
pathology indicated vascular invasion, and Rb loss. Loss of
parafibromin and p27 loss were evident in 2/3 patients. Two of
the patients with recurrent disease developed distant metastasis
during follow-up (patients #6 and #8). All three patients had
another surgery for their recurrent disease, and while one patient
(patient #6) had already received EBRT post-operatively, the
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other two patients were treated with EBRT for their recurrent
disease. However, EBRT treatment did not lead to remission, and
all three patients were left with residual disease.

Patient #5 was in remission for 22 months following
parathyroidectomy, but reappearance of symptomatic
hypercalcemia and elevated PTH levels led to the detection
of recurrent disease. She was referred for neck exploration
and right subtotal thyroidectomy with removal of multiple
small nodules in the infero-lateral aspect of the gland and
sternomastoid muscle. Surgical pathology revealed recurrent
parathyroid carcinoma, as well as a focus of papillary thyroid
microcarcinoma. Following this second surgery, her PTH levels
did not normalize and she still had hypercalcemia. Imaging
studies showed paratracheal nodules on the right and 1 year
later she was referred for right central neck dissection, where
pathology once again confirmed parathyroid carcinoma. The
combination of this surgical intervention with postoperative
EBRT normalized her PTH levels and at last follow-up there
was no evidence of structural disease on imaging of the head
and neck, other than two tiny non-specific nodules in the right
thyroid bed.

Patient #6 was diagnosed with recurrent parathyroid
carcinoma <3 years following her initial surgery. She had
recurrent structural and biochemical disease, with evidence of
hypercalcemia and elevated PTH levels, as well as right recurrent
laryngeal nerve palsy and lung metastasis. The patient was
started on Cinacalcet for hypercalcemia and underwent a right
neck dissection; pathology confirmed recurrent parathyroid
carcinoma. The patient was later diagnosed with colon
adenocarcinoma that was treated with surgery and chemotherapy
but ultimately led to her demise.

Patient #8 did not receive EBRT following his first surgery,
and he was well and free of disease for almost 4 years. Prior
to his recurrent parathyroid carcinoma, he was found to have
a large liver mass which was biopsied and reported to be
hepatocellular carcinoma. Three years later, he developed a
growing neck mass, involving the mediastinum and left neck,
which on core biopsy was found to be parathyroid carcinoma.
The patient had extensive surgery, including thoracotomy with
neck dissection, resection of mediastinal mass, part of the
manubrium and clavicular head, sternum, and the first rib.
Unfortunately, the tumor was adherent to the thoracic inlet,
and although it was dissected off the trachea and lateral wall
of the esophagus, disease was left in situ. Pathology again
revealed angioinvasive parathyroid carcinoma and the patient
completed post-operative EBRT. His PTH levels normalized and
he did not require treatment for hypercalcemia, however, several
months later, a new liver lesion was found, and this time a
core biopsy revealed metastatic parathyroid carcinoma, which
was not amenable to surgical excision. For that reason, he was
started on a neuroendocrine tumor (NET)-type of chemotherapy
regimen in the form of capecitabine and temozolomide. After 2
cycles there was progression of his liver disease that continued
despite an additional two cycles of chemotherapy. The patient
was switched to combination of cisplatin and etoposide, and
given that the disease outside of his liver was relatively modest in
burden, he also underwent bland liver embolization. Following

this combination treatment, imaging studies showed widespread
skeletal metastases, that were treated with EBRT to the focal bone
lesions, in addition to zoledronate, which was later replaced by
monthly denosumab 120mg. Due to further disease progression,
with evidence of metastases in the liver, skeleton, and lung, the
patient was enrolled in a phase 1 trial to which he did not respond,
as he manifested progression in the form of new peritoneal
metastases. He was referred for peptide receptor radiotherapy
(PRRT) but was found to be ineligible due to minimal uptake
on Ga68-dotatate PET imaging. The patient was subsequently
started on sorafenib but continued to progress and recently was
switched to everolimus.

In all three patients with initial remission that were later found
to have recurrent disease, the initial tumor was either localized
to the parathyroid gland with limited extension to soft tissue
(T1, patients #5 and #8) or with direct invasion into the thyroid
gland (patient #6), and the lymph node status was unknown (Nx).
However all three exhibited angioinvasion.

Persistent Disease

Three patients (patients #1, #3, and #7) had residual biochemical
and structural disease following their first surgical intervention
that persisted to the end of follow-up. In all three patients there
was evidence of metastases, either at diagnosis (patient #1), or
during follow-up (patients #3 and #7). In all these patients,
pathology indicated invasion to adjacent tissue, which involved
the thyroid gland in all cases, but only patient #1 had esophageal
involvement. Loss of p27 was evident in all three, The Ki67
labeling index was available for two of the patients (patient #3
and #7) and was high (>20%, and 19.60%, respectively).

Three other patients (patient #5, #6, and #8) had recurrent
disease, that was treated (as described above) but all of them were
left with persistent disease following their recurrence.

Patient #1 was referred for total thyroidectomy for a
suspicious thyroid nodule, which turned out to be parathyroid
carcinoma. This was followed shortly after total thyroidectomy
by EBRT with a reduction of PTH levels from nine- to five-
fold the upper limit of normal and normal calcium levels. At
diagnosis, he had evidence of metastasis in the lungs, hip, and
liver. He had radiation treatment directed to his hip, followed by
prosthesis insertion.

Patient #3 was suspected to have thyroid cancer and primary
hyperparathyroidism and underwent total thyroidectomy;
pathology identified an angioinvasive and widely invasive
parathyroid carcinoma. Following surgery, his PTH remained
elevated, but calcium levels were in the normal range. He
had EBRT to his neck. Although there was no evidence of
metastasis at baseline, the patient developed lung metastasis
during follow-up as well as recurrent hypercalcemia. Zoledronic
acid failed to control hypercalcemia, followed by monthly
denosumab 120mg with good biochemical control. The patient
had slowly progressing, low-volume disease, with enlarging
pulmonary metastases, then manifested progression in the
neck with a paraesophageal mass invading the esophageal
wall. He was started on everolimus but could not tolerate
the treatment at a dosage of 10mg daily, which was
subsequently reduced to 5mg but this was discontinued
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as it proved ineffective. He was later started on sorafenib
400mg daily, but this was discontinued after a few months
due to severe walking difficulties and drop foot. The
patient died of this disease 6 years after his parathyroid
carcinoma diagnosis.

Patient #7 was diagnosed with primary hyperparathyroidism,
as previously reported (14), following investigation of
symptomatic hypercalcemia, with diffuse bony aches,
constipation, polyuria, polydipsia, and weight loss of more
than 25 pounds. Imaging identified a left thyroid nodule
and a left neck mass; biopsy of the left neck mass was
suspicious for a neuroendocrine neoplasm. The patient had
total thyroidectomy with central and left neck dissection.
Pathology revealed an intrathyroidal 2.7 cm parathyroid
carcinoma and metastatic carcinoma in 2 left neck lymph
nodes, PTH decreased after the surgery but remained elevated,
with hypercalcemia and hypophosphatemia. Imaging did
not reveal any residual neck disease, but there were multiple
pulmonary nodules, consistent with metastatic disease. The
patient was started on denosumab 120mg every month for
his hypercalcemia. Later, the patient started treatment with
sorafenib and imaging after 3 months showed regression of the
lung nodules.

In all three patients with residual disease, the initial staging
indicated evidence of distant metastasis (M1, patient #1), or
regional lymph node involvement (N1, patients #3 and #7). In
all three cases, the tumor was either invading the thyroid gland
(T2, patients #3 and #7), or more extensively (T3, patient #1).

DISCUSSION

This case series confirms the finding in previous studies
that the diagnosis of parathyroid carcinoma is typically
established only by pathology examination after surgery
(1). As expected, primary hyperparathyroidism was the
most common indication for surgery (15); thyroid nodule
was another important reason for further investigation
and intervention, which eventually led to diagnosis of
parathyroid cancer. Another interesting finding is that all
patients had a history of kidney stones, including those
without a pre-operative diagnosis of hyperparathyroidism,
suggesting previous undiagnosed hyperparathyroidism. This
claim is supported by the fact that the patients without a
pre-surgical diagnosis of hyperparathyroidism developed
either hypercalcemic hyperparathyroidism, or hungry bone
syndrome after surgery, even if the procedure was only
a hemithyroidectomy.

Parathyroid carcinoma is often difficult to diagnose
preoperatively, thus potentially limiting the scope of surgical
intervention. As long-term survival is largely dependent on
the extent of the primary surgical resection, it is of great
importance to consider parathyroid carcinoma in the differential
diagnosis of hyperparathyroidism. While our series included
patients with symptoms related to hyperparathyroidism and
hypercalcemia, there is significant variability in clinical patterns
of the disease, and others have described asymptomatic patients

with parathyroid carcinoma without clinical or biochemical
clues to the diagnosis (16).

The histopathology diagnosis of parathyroid carcinoma in
all our patients was made on the basis of vascular invasion
or invasion of adjacent structures such as esophagus in one
case, as well as loss of parafibromin, Rb, or p27 expression
(13). These biomarkers have been proposed to support a
diagnosis of malignancy in borderline cases without clear-
cut angioinvasion or documented metastases at presentation.
Erovic et al. investigated the expression profile of potential
immunohistochemical biomarkers of parathyroid cancer, and
completed staining for 34 proteins involved in angiogenesis,
inflammation, cell adhesion, cell cycle, and apoptosis. They
reported that a panel that includes BCL-2a, parafibromin, Rb,
and p27 may be helpful in the assessment of parathyroid
neoplasms, but there are additional possible biomarkers that may
be helpful, though the data are preliminary. Parafibromin, Rb,
and p27 are involved in cell cycle, while BCL-2a is involved
in apoptosis. A panel that includes BCL-2a, parafibromin, Rb,
and p27 was shown to be very helpful in the assessment of
atypical parathyroid neoplasms, when there was no evidence
of angioinvasion, perineural invasion, or gross local invasion
into adjacent organs or metastasis (13). These data supported
previous studies focusing on the biomarkers for parathyroid
carcinoma (17–19). Recently, reports described novel mutations
in genes that mediate chromosome organization, DNA repair,
and cell cycle, and occasional mutations in MAPK signaling
and immune response (including PTEN, NF1, KDR, PIK3CA,
and TSC2). Additionally, epigenetic studies have described
changes in DNA methylation, histone modifications, microRNA
dysregulation, and unusual circular RNAs (20–22). Kutahyalioglu
et al. evaluated tumor-specific genetic changes using next-
generation sequencing (NGS) panels in 11 patients with
parathyroid carcinoma, reporting mutations identified in the
PI3K (4/11 patients) and TP53 (3/11 patients) pathways. In
addition, mutations were identified in genes that were not
previously reported in parathyroid carcinoma, including SDHA,
TERT promoter, and DICER1. Actionable mutations were found
in more than half of the patients (23). While no longer routinely
used, silver-stained nucleolar organizer region (AgNOR) analysis
may serve as an additional tool for the histological evaluation of
parathyroid lesions to distinguish adenomatous from cancerous
ones, as higher AgNORs per nucleus (NORA) scores were noted
in malignant cases (24).

Of note, invasion into the thyroid gland should not be
considered a feature of malignancy, as parathyroid glands are
frequently located within or immediately adjacent to thyroid
tissue and benign parathyroid lesions can occur within the
thyroid gland (25). This is a weakness in the new proposed
AJCC staging system that identifies this feature as a criterion for
upstaging a parathyroid carcinoma.

As stated previously, the first and foremost treatment for
parathyroid carcinoma was surgical intervention (12). In two
cases, the surgery that was performed for a different indication
was the only treatment required for the parathyroid carcinoma,
as the patients remained in remission at the end of follow-up.
However, while the recommended treatment is en bloc resection

Frontiers in Endocrinology | www.frontiersin.org 7 October 2019 | Volume 10 | Article 731

https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Akirov et al. Parathyroid Carcinoma

(12), in one of the two patients in long-term remission, surgery
was limited to hemithyroidectomy/parathyroidectomy, with no
neck dissection.

EBRT was administered to five patients; all these patients
had recurrent or persistent disease and there was evidence of
distant metastasis in four of them, with lung involvement in
all cases. Our results confirm previous reports that could not
show prominent response to radiotherapy and thus did not
recommend this as a routine treatment for parathyroid cancer
(12, 26, 27). Erovic et al. reported 11 of 16 patients who
underwent postoperative radiotherapy, and this was one of the
largest series with respect to the use of adjuvant radiotherapy.
Of these 11 patients, 7 developed recurrent disease, including 3
of 4 patients who had positive surgical margins (27). Lee et al.
reported that<10% of their 224 patients with parathyroid cancer
received radiation therapy, and this treatment was not associated
with an improved survival rate (26).

Both patients in long-term remission went into remission
immediately after their first surgery, and did not require any
additional treatment until the end of follow-up, which was at
least 4 years in these patients. The pathology examination of these
patients revealed that none of these three patients had lymph
node metastasis or loss of parafibromin expression, and Ki67 was
in the low range (∼5%).

A novel finding in our series is the high number of patients
with additional other malignancies. In our cohort, four patients
had thyroid cancer (diagnosed concurrently with the parathyroid
cancer at thyroid surgery), one patient had colorectal cancer,
and another had hepatocellular carcinoma. The diagnosis of
incidental thyroid cancer is not surprising, given that it largely
consisted of low risk subclinical disease. Campenni et al.
completed a systematic literature search exploring the association
between parathyroid cancer and thyroid disease, reporting 21
cases of parathyroid cancer with thyroid disease, including 10
cases of concomitant parathyroid carcinoma and thyroid cancer,
mainly papillary thyroid carcinoma (28). In that series, the
parathyroid cancer mean diameter was higher in those with both
malignancies, and there was a slight predominance for the left
side (28). Similarly, in our cohort, thyroid carcinoma was evident
in 2 of 2 patients with parathyroid carcinoma on the left side,
compared to 2 of 7 patients with parathyroid malignancy on the
right side.

In the three patients with recurrent disease and those with
persistent disease, further intervention, whether in the form
of another surgery, EBRT, or chemotherapy, did not lead to
clinical remission. Five of the six patients with persistent or
recurrent disease developed metastases during the follow-up. As
EBRT did not have a profound effect on tumor progression,
chemotherapy was used in two patients. The lack of response
to EBRT in these cases is in line with the recommendation
by the American Association of Endocrine Surgeons that
discourage the use of EBRT, other than for palliative reasons
(12).One patient was treated with the tyrosine kinase inhibitor
(TKI) sorafenib; imaging studies after several months showed
regression of the lung metastases, but the second patient
did not respond to several lines of chemotherapy, including
sorafenib. The data in the literature indicate variable response

to a wide range of chemotherapeutic regimens, including
Dacarbazine, Cyclophosphamide, or Capecitabine, alone or in
combination (4, 29). The response of one of our patients
to Sorafenib, with regression of his pulmonary nodules, was
reported previously in a case report (7). The response to
Sorafenib, a multi-kinase inhibitor that blocks cell proliferation
and angiogenesis, may stem from its effect against vascular
endothelial growth factor-receptor and platelet-derived growth
factor receptor, which may be highly expressed in parathyroid
cancers (7, 15).

The recently defined AJCC staging based on the tumor
characteristic at the time of initial presentation may aid in
predicting the prognosis of these patients (10). In our case series,
all patients with evidence of regional lymph node metastasis
(N1) or distant metastasis (M1) had residual disease following
parathyroid surgery and required additional treatment. On the
other hand, all four patients with a tumor localized to the
parathyroid gland with limited extension to soft tissue (T1) went
into remission following the surgery, although two of them later
developed recurrent disease and required further treatment.

The limitations of this study include the retrospective
nature, small number of cases, and lack of a standardized
pre-operative management, as some of these patients were
referred only after the histopathologic diagnosis of parathyroid
carcinoma was made after surgery and none of them had
a clear preoperative suspicion of malignancy. In addition,
as this study was performed at a single outpatient practice
of a quaternary care Endocrine Oncology specialist practice,
there is a potential for referral and selection bias. However,
as parathyroid cancer is a very rare entity, with limited
data available in the medical literature, this study may add
important insights to the body of evidence. In addition,
the long-term follow-up, treatment in a specialized center
with involvement of a highly experienced team and various
available treatment options, are among the strengths of
this study.

In accordance with the guidelines for management of
primary hyperparathyroidism by the American Association of
Endocrine Surgeons, the diagnosis of parathyroid carcinoma
should be considered in cases of primary hyperparathyroidism
with marked elevation of PTH levels and severe hypercalcemia
(12). Complete resection, which occasionally requires en bloc
resection of adherent tissues is recommended as first line
therapy. Genetic testing should be considered in patients
with parathyroid carcinoma including those with parafibromin
loss by immunohistochemistry even in the absence of family
history or HPJT-related manifestations (30, 31). Adjuvant
treatment, including repeat surgery, radiotherapy or medical
treatment, should be considered on an individualized basis
especially when remission is not achieved following surgery.
Regular surveillance is recommended, including biochemical
monitoring of PTH and calcium homeostasis, as well as
imaging of the neck with neck ultrasound, parathyroid scan
and/or head and neck computed tomography or magnetic
resonance imaging, Initially, biochemical and radiographic
monitoring is recommended every 3–6 months, depending on
the aggressiveness of disease and the response to treatment. In
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case of long-term remission, the interval can be increased to
once yearly.

In conclusion, our findings suggest that parathyroid cancer
is usually identified only post-operatively, during the pathology
examination, pointing to the importance of an experienced
pathology team. While long-term remission is possible with
surgery, in patients with evidence of residual disease after the
intervention and in those with recurrent disease during follow-
up, chances of cure are very low. Targeted therapies may prove to
be an important treatment option for those patients with distant
metastatic disease.
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