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Treatment and outcome of
metastatic parathyroid
carcinoma: A systematic
review and pooled analysis
of published cases

Andrea Alberti, Davide Smussi, Manuel Zamparini,
Antonella Turla, Lara Laini, Chiara Marchiselli,
Salvatore Grisanti, Paolo Bossi and Alfredo Berruti*

Medical Oncology Unit, Department of Medical and Surgical Specialties, Radiological Sciences, and
Public Health, University of Brescia at the Azienda Socio Sanitaria Territoriale (ASST)-Spedali Civili,
Brescia, Italy

Background: Parathyroid carcinoma (PC) is an extremely rare malignant tumor
with an incidence of about 6 new cases per 10 million inhabitants per year.
While several papers have been published on treatments and outcomes of PC
patients with loco-regional disease, little is known about the prognosis,
treatment strategies, and prognostic factors of patients with distant metastasis.

Materials and methods: We performed a systematic review and a pooled
analysis of histopathologically confirmed PC cases published in literature using
the following keywords: “metastasis—metastatic—secondary nodes” AND
“parathyroid carcinoma”. Original case reports and case series reporting
metastatic parathyroid carcinoma were included. Data from 58 articles were
extracted in a piloted form by five reviewers on a shared database.

Results: Seventy-nine patients with metastatic PC were identified between
1898 and 2018. Ten (13%) patients had synchronous metastases, while
metachronous metastases occurred in 43 (54%) patients. The remaining 26
patients developed metastatic disease concomitantly to local recurrence.
Primary hyperparathyroidism guided the diagnosis of metastatic recurrence
in 58 (73%) patients. Surgery was the main primary approach adopted, as it was
performed in 43 (54%) patients. Twenty (25%) patients underwent systemic
antineoplastic therapy, consisting of chemotherapy, immunotherapy, tyrosine
kinase inhibitors, and hexestrol therapy. Bone resorption inhibitors had a
limited efficacy in the long-term control of hypercalcemia. After a median
follow-up of 37.5 months, 43 (55%) patients died, 22 (51%) due to the
consequences of uncontrolled PHPT. The median overall survival was 36
months (range: 1-252). Surgery was associated with a better OS (HR 0.48,
95% Cl 0.26-0.88), whereas bone metastases represented a negative
prognostic factor (HR 2.7, 95% CI 1.4-5.2).
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Conclusion: Metastatic PC has a relatively poor prognosis. The main goals of
treatment are to counteract tumor growth and control hypercalcemia. Surgery
of metastases is the best approach to achieve rapid control of PHPT and longer
survival. Target therapies and immunotherapy deserve to be extensively tested
in metastatic PC and strategies to better control hypercalcemia should be

implemented.
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Introduction

Parathyroid carcinoma (PC) is an extremely rare malignant
tumor with an incidence in the US SEER registry of about 6 new
cases per 10 million population per year (1). PC accounts for about
0.005% of all cancers, and its prevalence in patients with primary
hyperparathyroidism (PHPT) varies between 0.5% and 5% (2-4).
Unlike benign parathyroid tumors, which are more frequent in
female patients, PCs have an equal distribution in both sexes with
an age at diagnosis between 45 and 55 years (3). PCs generally occur
sporadically or less frequently in the context of familiar forms,
particularly in 15% of cases of hyperparathyroidism-jaw tumor
syndrome (HPT-JT) (hyperparathyroidism associated with
ossifying fibroid of the jaw, cysts, and renal tumors) and more
rarely in multiple endocrine neoplasia type 1 (MEN1) or type 2A
(MEN2A) (5-7).

Approximately 90% of PC patients have symptomatic
primary hyperparathyroidism (PHPT) (7). The most frequent
symptoms are osteitis fibrosa, nephrolithiasis, neurocognitive
disorders, and cardiac arrhythmia, while pancreatitis is less
frequent (8-10). Clinical features caused by tumor invasion
(neck masses, dysphagia, and hoarseness) are lately observed
mainly in non-functioning PC (2), which accounts for less than
10% of all parathyroid carcinomas and occurs in an older
population (sixth to seventh decade of life) (11-13).

Due to the early onset of PHPT, PC is usually diagnosed as a
local disease and the definitive diagnosis is based on pathological
features of capsular invasion, vascular invasion, and mitotic
activity (2, 14). Molecular studies on PC have identified three
main molecular mutated pathways: CDC73, CCND1, and PI3K/
AKT/mTOR (14-17). Dysregulation of these pathways
profoundly alters the balance between cell proliferation and
apoptosis, and ultimately leads to a competitive growth
advantage, metastatic competence, angiogenesis, and resistance
to therapy in cancers (14-17).

Surgery is the mainstay of PC management. The gold
standard is en bloc resection of all involved tissues and should
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include at least the PC and the ipsilateral thyroid lobe; the role of
the central lymph node dissection is still debated. Surgery must
be performed with care to avoid spillage of tumor cells into the
surgical field (18).

Survival of PC patients is reportedly heterogeneous (1, 13).
The estimated median overall survival is 14.3 years (13), with a
5-year survival rate of 85% and a 10-year survival rate of 49 to
77% (1, 19). Early diagnosis and radical surgery are associated
with a better prognosis, while advanced age and lymph node
metastases are predictive of a worse outcome (20-22).

The estimated risk of recurrence is 50%-60% at 2-5 years,
more frequently in the case of a non-radical surgical approach
(1, 22, 23). One-third of patients develop metastases, mainly in
lung, liver, or bone (13, 24). The detection of locoregional or
distant metastases is based on ultrasound of the neck, CT, or
MRI of the chest and abdomen. Among nuclear medicine
techniques, limited data are available in the metastatic setting.
A total body scan with 99mTc-sestaMIBI and 18-FDG PET/CT
may be complementary to conventional imaging in the initial
staging, especially in more aggressive and rapidly evolving forms
(25, 26).

While several papers have been published on the outcome of
patients with early-stage disease, little is known about the
prognosis, treatments, and prognostic factors of patients with
relapsed and metastatic disease.

It has been reported that morbidity and mortality associated
with metastatic PC is in many cases due to PHPT and related
complications rather than to tumor progression (20). However,
the proportion of patients who die from disease progression and
that of patients who die from PHPT are unknown, as well as the
impact on patient outcome of debulking surgery, systemic
therapies, radiotherapy, and treatments administered to
control hypercalcemia.

We systematically reviewed all cases of metastatic PC
described in the literature, with the aim to perform a pooled
analysis to obtain information on clinicopathological features,
treatment strategies, patient outcome, and prognostic factors.
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Based on the results obtained, we provided some suggestions on
possible clinical approaches.

Methods and materials

Identification of eligible articles
and collection

PRISMA checklist was used to present the results of this
systematic review

To the extent of the best published literature on metastatic
PC, a four-step search strategy was planned. First, we identified
the following keywords and MeSH terms in PubMed:
“metastasis—metastatic-secondary nodes” AND “parathyroid
carcinoma”. Secondly, the terms were searched in PubMed.
Third, based on our objective, case reports and case series
reporting metastatic parathyroid carcinoma were included in
this review. Fourth, references to the included articles were
scrutinized for additional papers. The last search was
performed on 15 December 2021. Only articles that described
the clinical history and treatment of individual patients with
metastatic parathyroid carcinoma were selected. All articles that
did not describe treatments for metastatic disease or did not
report outcome or survival were excluded. No restrictions were
imposed on publication date or publication status and only
English-language articles were selected. The eligibility
assessment was performed in an independent and unblinded
standardized manner by five reviewers. Disagreements among
reviewers were resolved by consensus.

Data were extracted by five reviewers on a shared database
with collection and coding rules for the variables explained.
After the first data extraction from a sample of included studies,
the consistency of the extracted data was assessed to ensure that
the reviewers who extracted the data interpreted the forms and
draft instructions well. Each reviewer completed data extraction
from each article independently. The following data were
reported: (1) general information of the paper (first author,
journal—the year of publication); (2) patient-disease data at first
diagnosis (year of diagnosis, gender, age at diagnosis, clinical
presentation, calcium level at diagnosis, PTH level at diagnosis,
local-regional-systemic staging assessments, size of T, N-M
status, treatment, type of surgery, margin status at the
pathological examination, and neck dissection); (3) recurrence
data (disease-free interval, site of recurrence, and first treatment
of recurrence); (4) metastasis data (interval between first
diagnosis and systemic relapse, sites, number, clinical
presentation, treatment, chemotherapy drugs, the best
response to any systemic lines of therapy, and progression-free
survival of any systemic line); (5) hypercalcemia data (signs and
symptoms due to hypercalcemia and systemic management of
hypercalcemia); and (6) follow-up data (overall survival, follow-
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up status, and cause of death). If a full paper could not be
retrieved, information was extracted from the abstract.

The search revealed 1,225 potentially relevant articles on
metastatic parathyroid carcinoma. Reading the title or abstract,
1,103 studies were excluded for various reasons (e.g., reviews—
meta-analysis, no full-text available, in vitro, or animal). The full
text of the remaining 122 articles was evaluated, and from the
references of these studies, 15 additional articles were identified.
Seventy-eight articles were excluded because they contained no
data on treatment of metastatic disease, outcomes, or follow-up
or because of possible duplicate use of data. Finally, data from 59
papers were included in this pooled analysis. Figure 1 depicts the
consort diagram.

Statistical analysis

Descriptive statistics consisted of frequency tables of
categorical variables and median (ranges) for continuous
variables. Normal distribution of continuous variables was
assessed by Kolmogorov-Smirnov and Shapiro-Wilk tests,
when applicable. Cox proportional hazards models were
introduced to investigate possible prognostic factors for overall
survival. We accepted a type I error of maximum 5%. All
analyses were performed with SPSS (IBM Corp. Released 2015.
IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY:
IBM Corp.).

Results

We identified 79 patients diagnosed with metastatic PC
between 1898 and 2018. Data of 59 of them (74%) were derived
from case reports, 14 (18%) from single-institution case series, and
6 (8%) from multicenter series. Table 1 depicts the characteristics
of the patients. Forty-two patients (53%) were men and the
median age at diagnosis was 45 years (range: 13-71). Five
patients had an inherited susceptibility: HPT-JT syndrome in
two patients, MEN1 in two patients, and neurofibromatosis 1
(NF1) in one patient. At first presentation, 10 patients (13%) had
synchronous metastasis; the remaining 69 underwent surgery as
the first approach on the primary tumor and the disease later
relapsed with distant metastases + local recurrence. In 26 patients
(33%), metachronous metastasis occurred together with local
relapse. The median time from the first diagnosis to metastasis
diagnosis [distant metastasis-free survival (DMFS)] was 36
months (range: 1-156; Figure 2A). The most frequent site of
metastasis was lung (57 patients, 72%), followed by bone (16
patients, 20%), liver (11 patients, 14%), extra-regional lymph
nodes (8 patients, 10%), and brain (7 patients, 9%). At the first
diagnosis of metastatic disease, 25 patients (32%) had more than
10 distant nodes, and even 30 patients (38%) had <4 nodes. Data
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FIGURE 1

Consort diagram. The first search yielded 1,227 papers, 124 of which were relevant to this analysis. Among the references, we identified 15 additional
articles. The absence of information on treatment or survival outcome excluded 78 articles. The final analysis included data from 58 articles.

imaging techniques used for staging were heterogeneous

and incomplete.

Strategies to control the tumor growth

Surgery was the primary approach for metastatic disease, as it

was performed in 43 patients (54%). Thirty-five of them (81%)
underwent resection of lung metastasis, while in six and four

TABLE 1 Patient characteristics.

Patient features No. (N =79)
Age median (range) 45 (13-71)
Sex Male 42 (53.2%)
PHPT at metastasis presentation 58 (73.4%)
Synchronous metastasis 10 (12.7%)
Metastasis site Lung 57 (72.2%)
Liver 11 (13.9%)
Bone 16 (20.3%)
Extraregional lymph nodes 8 (10.1%)
Brain 7 (9%)
Number of distant nodes 1 14 (18.0%)
2-9 26 (32.9%)
>10 25 (31.6%)
Missing 14 (17.7%)
Signs and symptoms of PHPT Renal lithiasis 32 (41.6%)
Nervous symptoms 17 (22.1%)
Pancreatitis 9 (11.7%)
Osteitis 28 (36.4%)
Arrhythmia 4 (5.2%)
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patients, surgery was performed on brain and liver metastases,
respectively. In nine patients, surgery was followed by radiotherapy.
No patients received adjuvant systemic therapy. Radiotherapy alone
was the primary approach in 9 patients (12%); 20 patients (25%)
underwent a systemic antineoplastic therapy, 11 (55%) of which as a
primary approach (Table 2). The remaining 16 patients (20%)
received only best supportive care. Systemic antineoplastic therapies
consisted in chemotherapy in 10 patients and immunotherapy in 6,
while tyrosine kinase inhibitors (TKIs) were prescribed in 5 patients
and 2 patients received hexestrol therapy, a nonsteroidal estrogen.
Fluorouracil + cyclophosphamide and dacarbazine (DTIC scheme)
was the most used chemotherapy regimen. All four patients treated
with DTIC achieved a clinical benefit from the therapy (i.e., disease
response or stabilization) and median progression-free survival
(PES) was 10 months (range: 4-15 months). Two patients
received anthracycline-containing schemes: methotrexate +
cyclophosphamide + doxorubicin and lomustine (MAPP scheme)
and doxorubicin alone, obtaining a partial response. Six patients
treated with different monotherapies (vincristine, nitrogen mustard,
paclitaxel, etoposide, cisplatin, capecitabine, and temozolamide) had
no benefit from the treatment. Among the five patients treated with
TKIs, none had a complete response, while a partial response was
obtained in three of the four patients receiving sorafenib and in two
patients receiving cabozantinib and regorafenib, respectively. It is
noteworthy that regorafenib was administered as a second-line
treatment in a patient already treated with sorafenib. Another
patient received ramucirumab as a second-line approach, without
any benefit. Among the patients receiving immunotherapy, four
received an anti-human PTH immunotherapy with prolonged
partial response in two patients (PFS of 144 and 32 months),
stable disease for 6 months in the third, and PHPT control without
tumor regression in the fourth. One patient received unspecified
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Kaplan—Meier survival curves. (A) Distant metastasis-free survival (DMFS): Time from the first diagnosis to diagnosis of metastasis, median 36 (range: 1-
156) months. (B) Overall survival (OS): time from diagnosis of metastasis to death or last follow-up, median 36 (range: 1-252) months. (C) Overall
survival comparison for cytoreductive surgery (HR 0.49, 95% ClI 0.27-0.91). (D) Overall survival comparison for bone metastasis (HR 2.6, 95% Cl 1.3-5.1).

chemoimmunotherapy without benefit and one patient, with
documented microsatellite instability, obtained a partial response
lasting 24 months with pembrolizumab. Table 2 summarizes the
systemic treatments administered and the relative patient outcomes.

Primary hyperparathyroidism: Features
and outcomes

The diagnosis of metastatic disease was associated with
PHPT in 58 patients (73%), while 10 (13%) patients reported
symptoms caused by tumor invasion (e.g., neck masses,
dysphagia, pain, and breathlessness) and 3 patients both. In
the remaining eight patients (10%), the diagnosis was incidental
during follow up. The median calcium level was 14.5 mg/dl
(range: 9.1-22 mg/dl; 1st quartile [Q] 12.9 mg/dl, 2nd Q 14.5
mg/dl, 3rd Q 17 mg/dl, and 4th Q 22 mg/dl). As reported in
Table 1, the most frequent symptoms associated with PHPT
were, in descending order of frequency, renal lithiasis, nervous
symptoms, pancreatitis, osteitis, and arrhythmia. Surgical
treatment of metastases was effective in controlling calcium in
all 33 patients for whom data were available (missing data for 10
patients). Twenty-five of them achieved normalization of serum
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calcium levels and the remaining eight patients had a reduction
in calcium levels. Of these latter eight patients, five had a
persistence of the disease after surgery. Data on the influence
of radiotherapy on hypercalcemia were missing. Various
systemic therapies were used for hypercalcemia: 24 patients
(29%) received bone antiresorptive drugs, which consisted of
bisphosphonates in 21 patients and denosumab in 3 patients.
Eighteen of these patients (74%) achieved a benefit in controlling
hypercalcemia, which was transient in 14 patients, while the
duration of hypercalcemia control was missing in 4 patients. The
remaining six patients had only transient stability of their
calcium values for 2-6 months. Nine patients (12%) received
calcitonin and six patients received other hormonal therapies
(e.g., somatostatin analog). Two out of three patients had
transient control of hypercalcemia after subcutaneous injection
of octreotide. In five patients, hypercalcemia was accompanied
by severe renal insufficiency requiring dialysis. Only 2 patients
received cinacalcet. Due to incomplete records, data on the
duration of hypercalcemia control were not analyzed. A
logistic regression analysis was performed to test the
association of the following variables with hypercalcemia: age,
sex, lymph node status, metastasis at first presentation, sites of
metastasis, surgery on metastasis, and radiotherapy; an inverse
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TABLE 2 Systemic therapies administered.

References Drug No.of ORR
patients
(27, 28) Estrogen 2 1/2
(29) Everolimus 1 0/1
(8, 30-32) 5FU + cyclophosphamide + dacarbazine 4 3/4
(8,29, 33-35)  Other chemotherapies 6 0/6
(8, 33, 34, 36) Anthracycline monotherapy 4 1/4
(8) Dacarbazine monotherapy 1 0/1
(37) Methotrexate + adriamycin + 1 1/1
cyclophosphamide + lomustine
(37, 38) Immune checkpoint inhibitors 1 1/2
(29, 39) Sorafenib 4 3/4
(15) Cabozantinib 1 1/1
(15) Ramucirumab 1 0/1
(15) Regorafenib 1 1/1
(40-43) Anti-PTH vaccine 4 2/4

10.3389/fonc.2022.997009

Median PFS Median OS Best outcome for
(m) (range) (m) (range) hypercalcemia
55 (1-10) 76 (72-80) PR
2 Na Na
10 (4-15) 95 (35-162*) CR
2 (1-4) 83.5 (9-144) PD
3 (2-16) 23 (17-144) PD**
3 144 PD
18* 29* Na
11.5 (2-21%) 14.5 CR
10 (3-17%) 22 (Na-22%) CR
2-3 Na Na
1 Na Na
2 Na Na
NR (5-144*) NR (10-144%) CR

CR, complete resolution; Na, not assessed; NR, not reached; ORR, overall response rate; OS, overall survival; PD, progression disease; PFS, progression-free survival; PR, partial response.

* Censured.
** The patient, who benefited from chemotherapy, did not have PHPT.

° Other chemotherapies: vincristin, nitrogen mustard, paclitaxel, ethoposide, cisplatin, capecitabin, and temozolamid.

relationship was found with the presence of distant lymph nodes
(HR 0.16; 95% CI 0.03-0.83).

Survival analysis

After a median follow-up of 37.5 months, 43 patients (55%)
died. The causes of death were as follows: uncontrolled PHPT in
22 patients (51%), tumor progression in 14 patients (32%), and
other causes in 3 patients (7%). The cause of death was not
specified for four patients. The median overall survival from
diagnosis of metastasis to death or last follow-up (OS) was 36
months (range: 1-252; Figure 2B). As reported in Table 3 and
Figures 2C, D, cytoreductive surgery had an independent
favorable role in predicting patients’ OS (HR 0.48, 95% CI
0.26-0.88), while bone metastases had a negative prognostic
significance (HR 2.7, 95% CI 1.4-5.2). Information on individual
patients can be found in the Supplementary Material.

Discussion

Due to its extreme rarity, few data in the literature are
available to guide the diagnosis and treatment of metastatic PC.
The present pooled analysis of published cases confirms that PC
occurs in patients in the fourth decade of age without difference
between the two sexes. In most patients, the symptoms and signs
leading to the diagnosis of distant relapse were related to PHPT,
although 13% of patients reported symptoms caused by growth
of the tumor mass (e.g., neck masses, dysphagia, pain, and
breathlessness). These data have important implications on the
follow-up of operated patients, which is based on prospective
evaluation of blood levels of calcium and parathyroid hormone
but should also include periodic radiological evaluations. Since,
in the present series, the most frequent site of metastasis was
lung, followed by bone, liver, and lymph nodes, a CT scan of the
abdomen and thorax may be considered adequate in the follow-
up. However, 9% of patients developed brain metastases; thus, a

TABLE 3 Prognostic factors of patients with metastatic parathyroid carcinoma according to univariate and multivariate analyses.

Overall survival Univariate Multivariate
HR 95% CI P HR 95% CI P

Lung metastasis Yes 0.483 0.239-0.976 0.043

Liver metastasis Yes 2.415 1.178-4.952 0.016

Bone metastasis Yes 2.704 1.395-5.243 0.003 2.303 1.138-4.663 0.020
Surgery on metastasis Yes 0.478 0.260-0.878 0.017 0.474 0.246-0.912 0.025
Radiotherapy Yes 2.184 1.131-4.220 0.020

DMFS >36 months 0.461 0.237-0.895 0.022
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brain CT and/or MR should be considered in case of appearance
of suspicious neurological symptoms. Noteworthy, in 26 patients
(33%), distant metastases occurred together with local
recurrence; this emphasizes the need to include accurate
clinical examination and neck ultrasound in the follow-up.
With regard to nuclear medicine techniques, the case series
presented in literature suggest that a total body acquisition with
99mTc-sestaMIBI and 18F-FDG PET/CT can be
complementary to conventional imaging in the initial staging,
especially in more aggressive and rapidly evolving forms (25, 26).
However, limited and heterogeneous data are available in the
metastatic setting, since only few patients have been evaluated
with these techniques. Therefore, we cannot draw any
suggestions on the use of nuclear medicine techniques in the
follow-up of PC patients after surgery. A frequent question
about follow-up is its duration. In the present series, most
metastatic recurrences occurred within 60 months; hence,
follow-up should be continued for at least 5 years. It should be
noted that one patient in this series developed metastases after
13 years, suggesting a possible follow-up extension beyond 5
years in selected cases.

The main goals of treating metastatic PC are to counteract
tumor growth and control hypercalcemia. The control of
hypercalcemia is of paramount importance, since in this series
it was the cause of death in half of the patients. All PC patients
with PHPT had at least one metastatic site; however, the extent
of disease did not correlate with the severity of hypercalcemia.
Therefore, surgery of metastasis with radical intent was effective
in controlling hypercalcemia and should be pursued whenever
possible, as it allowed rapid control of PHPT and a longer
survival. This is relevant as many patients present an oligo
metastatic disease at first relapse, and this observation,
together with the predilection of the lung as a site of
metastasis, favors surgery. If complete excision of all
metastases is not possible, local regional treatments, such as
radio-frequency ablation, similarly to what is adopted in other
tumors, could reasonably be considered, although data on the
efficacy of these treatments could not be obtained in this series.

With regard to systemic therapies, long-term control of
hypercalcemia in malignancies can be achieved with the use of
bone resorption inhibitors such as bisphosphonates and
denosumab. In patients with PC-related hypercalcemia,
however, the effect of these drugs was transient, and the
syndrome was invariably resistant after initial control.
Denosumab appears to be effective in patients with zoledronic
acid resistance (44), but our case series does not allow us to
obtain data in this regard, as only three patients were treated
with denosumab. Good results have been obtained with
calcimimetic drugs as cinacalcet, which is a recommended
treatment (45, 46). However, no information on the
effectiveness of this drug on patient outcome is available in
this series. Two anecdotal case reports describe a response of
hypercalcemia to estrogen therapy (27, 28). Furthermore, two
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patients had a transient improvement of PHPT in response to
somatostatin analogue, but the results with this drug are still
debated (47).

The prognosis of patients with metastatic PC was relatively
poor, with a median survival of 36 months, but with considerable
variability over a range of 1 to 255 months. The independent
prognostic parameters were surgery as a favorable factor,
underlining the importance of this therapeutic modality in this
setting, and bone metastases as a worsening factor. This latter
finding is in contrast with what has been observed in other
metastatic malignacies (48, 49), in which the presence of visceral
metastases plays a major role.

Data on the efficacy of systemic anticancer therapies are
scarce and sometimes anecdotal. The few cases treated with
chemotherapy have shown activity of alkylating drugs and
anthracyclines. Target therapy could be a suitable option and
several potentially actionable genomic alterations have been
described, including PTEN, NF1, KDR, PIK3CA, and TSC242
(15, 16). In the present series, multikinase inhibitors targeting
neoangiogenesis seem promising, as all drugs tested were active,
although only five cases were considered. The same applies to
immunotherapy, for which it is worth mentioning the
interesting results obtained by a vaccine consisting of human
and bovine PTH-like immunogenic fragments, which induced
the formation of autoantibody against PTH and achieved lasting
control of tumor growth and associated malignant
hypercalcemia in three cases (40, 41, 50).Based on these very
promising results, this treatment strategy deserves to be further
tested either alone or in combination with modern
checkpoint inhibitors.

In this study, we included the largest number of metastatic
PC cases. Previous studies were mostly case reports or case
series, and mostly included PC with and without recurrence. We
focused on metastatic status, overall survival, and treatment,
which were not highlighted in previous studies. To reduce
potential bias in the analyses, we undertook a systematic
review with the independent application of pre-defined
inclusion criteria and data extraction. However, our study has
some limitations. Demographics data were only derived from
secondary data without standard protocols and from a long
period; hence, there was high heterogeneity. Moreover, the study
suffered from publication bias.

Conclusion

Metastatic parathyroid carcinoma arises in the fourth decade of
age and has a poor prognosis. Increased calcemia and parathormone
values lead to diagnosis in most patients, although some report only
symptoms caused by the growth of the tumor mass. Oligometastatic
lung disease is the most frequent pattern of recurrence, and in about
one-third of patients, local recurrence occurs together with distant
metastases. The main goals of the treatment are to counteract tumor
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TABLE 4 Suggestions for the clinical management of PC patients.

Follow-up of radically resected patients

« After definitive treatment of the local disease, a patient follow-up should be implemented, including physical examination, blood calcium and parathyroid hormone
levels, and periodic radiological imaging assessments.

« Periodic radiological evaluations during follow-up should include neck ultrasound, and CT scan of the abdomen and thorax. Brain CT and/or MR should be considered
in case of suspicious neurological symptoms.

« Follow-up should be prosecuted for at least 5 years.

« Total body 99mTc-sestaMIBI and/or 18F-FDG PET/CT scans can be complementary to conventional imaging in the initial staging.

Treatment

« Surgery of metastasis should be persecuted as first approach whenever possible.

« If complete removal of all metastases is not possible, other local treatments could reasonably be considered.
« Systemic therapies should be considered in patients not amenable to surgery and/or local regional therapies.

Systemic treatment

« Transient control of hypercalcemia can be achieved with the use of bone resorption inhibitors, such as bisphosphonates and denosumab.
« Calcimimetic drugs, such as cinacalcet, are reccommended treatment.

« Dacarbazine and anthracyclines containing schemes are the chemotherapy of choice in the management of metastatic PC.

« Anti-angiogenetic drugs and immunotherapy could also be possible options.

growth and control hypercalcemia. The latter challenge is of analysis. AA, DS, AT, LL, and CM wrote the first draft of the

paramount importance, as it is the cause of death in at least half of manuscript. MZ wrote a section of the manuscript. All authors
patients. Surgery of metastases is the best approach to achieve rapid contributed to manuscript revision, read, and approved the
control of PHPT and longer survival. When surgery cannot be submitted version
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