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Management and surgical
treatment of parathyroid
carcinoma: a 6-year experience
of a single centre of endocrine
surgery unit

Rita Laforgia*, Giovanni Tomasicchio, Federica Cavalera,
Maria Sblendorio, Annamaria Spadone,
Ferdinando Massimiliano Anelli , Pierluigi Lobascio,
Rinaldo Marzaioli , Annunziata Panebianco and Angela Pezzolla

Department of Precision and Regenerative Medicine and Jonic Area (DiMePRe-J), Section of Surgery,
Laparoscopic and Emergency General Surgery Unit, Hospital University of Bari, Bari, Italy
Background: Parathyroid carcinoma (PC) affects 0.1-0.3% of the general

population and represents the rarest malignant neoplasms among

endocrinological diseases, comprising less than 1%. The best therapeutic

treatment and management methods are still debated in the literature. The

aim of this study is to evaluate the management and surgical treatment of

parathyroid carcinoma after 6 years of enrolment with the Endocrine Surgery

Unit of the University Hospital of Bari.

Materials and methods: A retrospective observational study was carried out

using a prospectively maintained database of patients affected by primary

hyperparathyroidism between January 2017 and September 2022. Consecutive

patients over 18 years old with a final histopathological finding of PC were

included in the study. Patients with secondary or tertiary hyperparathyroidism,

parathyroid hyperplasia, and parathyroid adenoma were excluded. All patients

underwent follow-up every 6months for the first 2 years, and annually thereafter.

Results: In this study, 9 out of 40 patients affected by hyperparathyroidism were

included; 6 (66.6%) were female and 3 (33.3%) were male patients, with a median

age of 59 years (IQR 46-62). None had a family history of PC. No mortality was

recorded while the incidence of recurrence was 22.2%, with a disease-free

survival of 8 and 10 months. Parathyroidectomy was performed in five patients,

while four patients underwent parathyroidectomy with concurrent

thyroidectomy for thyroid goitre. No intraoperative complications were

recorded. Open parathyroidectomy was performed with a mini-cervicotomy in

seven patients, while two patients underwent robotic surgery. All patients were

discharged on the second postoperative day.
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Conclusion: PC represents a great challenge in terms of preoperative diagnosis,

management and treatment. A surgical approach represents the first best option

for PC in referral endocrine surgery units. The early identification of risky patients

should be the dominant goal to plan an appropriate therapy and to perform

adequate en bloc surgery.
KEYWORDS

parathyroid carcinoma, endocrine surgery, parathyroidectomy, hyperparparathyroidism,
PTH - parathyroid hormone
1 Introduction

Parathyroid carcinoma (PC) affects 0.1-0.3% of the general

population and represents the rarest malignant neoplasms among

endocrinological diseases, comprising less than 1% (1). A

histological examination is used to detect PC in the majority of

cases, because a preoperative diagnosis is difficult due to the absence

of specific criteria and fine-needle aspiration is impossible as the

violation of the parathyroid capsule could determine subsequent

tumour seeding (2–5).

The aetiology of PC is still unknown (6). PC may occur in

sporadic cases, especially in those with a single-gland disease, or

may be associated with hereditary endocrinopathies such as

Multiple Endocrine Neoplasia type 1 (MEN1) or type 2A (MEN

2A), HPT-jaw tumour syndrome (HPT-JT), or familial isolated

hyperparathyroidism (FIHP) (7–9).

The increase in parathyroid hormone (PTH) and serum

calcium represents clear signs of hyperparathyroidism along with

subsequent signs and symptoms. Patients (pts) can be affected by

gastrointestinal, neurological, cardiological, bone and kidney

diseases, and in some cases, a palpable neck mass. Unfortunately,

metastatic disease could affect 10-30% of pts at the time of the

diagnosis, where patients present with lung, liver and bone

invasion (10).

Differential diagnosis from parathyroid hyperplasia and

adenomas could be complex, but the suspicion of cancer increases

in cases of certain findings, such as higher levels of serum PTH and

calcium, parathyrotoxicosis, and a palpable neck mass. PTH reaches

high levels that are 3 to 10 times higher than the normal serum value

in cases of PC. In total, 98% of cancers are functioning tumours

associated with more frequent bone and kidney disease, while only

2% are characterized by normal serum levels of PTH and calcium

along with the evidence of a palpable and invasive mass (11, 12).

Prognosis is poor for PC because of mortality due to

uncontrollable levels of hypercalcemia and subsequent diseases.

The overall survival rate at 5 years is 78-85%, and at 10 years it is

49-70% (4).

Differential diagnosis from malignant to benign disease is

challenging, and the best therapeutic treatment and management

methods are still being debated in the literature (13). Several studies

have revealed the inefficacy of chemo- and radiotherapy, and
02
further options such as immunotherapy and targeted therapies

have been proposed in several studies (11). Concerning surgical

treatment, it is mandatory to reach the best oncological result and to

also evaluate the gland’s hyperfunction in order to verify whether all

pathological tissues were removed or not. In order to predict the

eradication of the disease, intraoperative PTH testing is considered

as a reliable method, as is the application of two preoperative scores,

especially in case of impossibility to verify intraoperative PTH. The

CaPTHUS score, described by Kebebew et al. in 2006 (14), and the

Wisconsin index (Win score), described by Mazeh et al. (15) in

2013, were applied for predicting single-gland disease with primary

hyperparathyroidism by De Pasquale et al. (16).

The aim of this study is to evaluate the management and

surgical treatment of parathyroid carcinoma after 6 years of

enrolment with the Endocrine Surgery Unit of the University

Hospital of Bari. The secondary aim is to compare the results

with those from existing studies. PC remains a difficult disease to

preoperatively detect and prevent. The early identification of at-risk

patients should be the dominant goal to plan an appropriate therapy

and to perform adequate en bloc surgery.
2 Materials and methods

A retrospective observational study was carried out using a

prospectively maintained database of patients affected by primary

hyperparathyroidism with suspected PC who, according to the

guidelines for the management of primary hyperparathyroidism

from the American Association of Endocrine Surgeons (17),

underwent surgery in the Endocrine Surgery Unit between January

2017 and September 2022. Consecutive patients over 18 years old

with a final histopathological finding of PC were included in the

study. Patients with secondary or tertiary hyperparathyroidism,

parathyroid hyperplasia, and parathyroid adenoma were excluded.

All patients underwent a physical examination, cervical

ultrasound, computer tomography and 99m Tc sestamibi

scintigraphy as part of their diagnostic work-up to locate the

lesion; F-fluorodeoxyglucose pet/ct was performed only in

selected cases.

Gender, age, clinical symptoms at admission and family history,

as well as serum PTH, calcium, phosphate, creatinine, and 24-hour
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urinary calcium and phosphate levels, were recorded preoperatively.

Calcium was recorded in mg/dL (normal range 8.4–10.2 mg/dL),

PTH in pg/mL (normal range 8.7–79.6 pg/mL), phosphate in mg/dL

(range 2.5–4.5 mg/Dl), creatinine in mg/dL (range 0.84–1.21), 24-

hour calciuria in mg/kg/24 h (normal value < 4 mg/kg/24 h) and 24-

hour phosphaturia in g/L/24h (normal value < 1.35 g/L/24h). The

postoperative parameters registered included serum PTH, calcium,

and possible surgical complications. All patients underwent follow-

up every 6 months for the first 2 years, and annually thereafter.

Postoperative hypocalcaemia was considered as a serum calcium

value lower than 8.4 mg/dL with a normal PTH value. Postoperative

hypoparathyroidism was considered as a serum PTH value lower

than 8.7 pg/mL with a calcium value lower than 8.4 mg/dL. Both

complications were considered transient if lasting less than six

months and definitive if lasting longer. Informed consent was

obtained from all patients before enrolment. All investigations

complied with the principles of the Declaration of Helsinki.
2.1 Statistical analysis

Continuous parameters were reported as medians and IQRs.

The categorical variables were recorded as numbers and

percentages. Statistical analysis was carried out using RStudio (R

version 4.0.3; R Foundation for Statistical Computing,

Vienna, Austria).
3 Results

In th i s s tudy , 9 out o f 40 pa t i en t s a ff ec t ed by

hyperparathyroidism were included; 6 (66.6%) were female and 3

(33.3%) were male patients, with a median age of 59 years (IQR 46-

62). At admission, two (22.2%) patients had nephrolithiasis, four

(44.4%) had bone disease, four (44.4%) had chronic kidney failure

(where two of them were waiting for kidney transplantation), one

had Berger’s disease and three patients (33%) were asymptomatic.

None had a family history of PC.

In the preoperative work-up, all patients had a high level of PTH

(median 432 pg/mL, IQR 296.5 – 877) and hypercalcemia (median

value 11.20 mg/dL, IQR 11-14.30) except for one female patient with

a value of 8.8 mg/dL, whose PC was discovered during a total

thyroidectomy for a thyroid goitre. Calciuria and phosphaturia

were recorded in only two patients. Parathyroidectomy was

performed in five patients, while four patients underwent

parathyroidectomy with concurrent thyroidectomy for a thyroid

goitre. No intraoperative complications were recorded. Open

parathyroidectomy was performed with a mini-cervicotomy in

seven patients, while two pts underwent robotic surgery. All

patients were discharged on the second postoperative day.

Postoperative complications included five patients (55.5%) who had

transient postoperative hypocalcaemia, which was treated with oral

calcium supplementation, and three (33.3%) patients who developed
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definitive postoperative hypoparathyroidism. Two patients had high

postoperative PTH values of 180 and 249 pg/mL, while seven patients

were in the normal range. Histopathological examination revealed

that all patients had PC with a Ki67 always ≥ 4% (median value 4%,

IQR 4-7), while three (33%) patients were chromogranin-positive,

and two (22.2%) patients were synaptophysin-positive.

After a median follow-up of 36 months (IQR 12-48), no

mortality was recorded while the incidence of recurrence was

22.2% (2 patients) with a disease-free survival of 8 and 10

months. Follow-up included endocrinological, surgical and dental

evaluations, a renal US scan, and a biochemical blood test. Two

patients had the highest postoperative PTH values of the series, and

both underwent parathyroidectomy with uneventful recovery and

were discharged on the second postoperative day.

The clinical data of patients with PC are summarized in Table 1.
4 Discussion

The best therapeutic option to cure pts affected by PC is a pre-

or intraoperative diagnosis and a complete resection of the tumour

during the first initial surgical approach.

In this study, nine cases of PC were detected in 6 years,

according to the evident percentage in the literature1. The

prevalence of female patients is relevant (66,6%), and this result

can be important in cases where there is suspicion of PC,

considering that there is the same prevalence in primary

hyperparathyroidism (18). The median age of patients in this

study was 59 years (IQR 46-62), while Machado et al. reported a

tendency for a younger age of about 50 years at the time of the

diagnosis (11, 18). A certain diagnosis of PC was evident after the

histological examination in all cases. All patients presented high

serum levels of PTH and calcium.

The first surgical approach was parathyroidectomy in five

patients, with a subsequent secondary surgical step according to a

multidisciplinary evaluation; in four cases, thyroidectomy was

performed because of a compressive goitre. The same experienced

endocrine surgeon performed all procedures, respecting all

principles of en bloc surgery: complete exploration, a bloodless

field, minimal manipulation of the tumour, evaluation of nodal

involvement and exploration of the ipsilateral laryngeal nerve. In all

cases, no nodal or nerve involvement was evident. The suspicion of

PC could be also intraoperative because the tumour presents with a

hard consistency, a fibrous capsule, and a white or grey hue, and it is

adherent to nearby structures (Figures 1, 2). Adenomas can appear

softer and have a reddish colour with well-defined limits (11, 19).

Two cases of recurrence (22,2%) are still not treated because of a

clinical condition not suitable for surgery. According to Cetani

et al., 3 years represents the mean time to diagnose recurrence,

although some studies reported recurrences after 20 years (2, 6). In

cases of recurrences, surgery still represents the best therapeutic

option with the main aim of relieving symptoms and eradicating the

residual disease.
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TABLE 1 Clinicopathologic features of parathyroid carcinoma patients.

Phosphaturia
(mg/dL)

Calciuria
(mg/dL)

Sugery Calcium
Post
(mg/dL)

PTH
Post
(pg/mL)

Definitive hypo-
parathyroidism

38.1 7.3 TT + PrT 10.1 28 Yes

0 0 Inferior right
PrT

10.2 180 No

0 0 TT+ PrT 6.3 <6 Yes

0 0 TT+ PrT 6.5 <6 Yes

546 323 inferior right
PrT

7.4 37 No

0 0 inferior left PrT 8.5 249 No

0 0 superior,
inferior right

and inferior left
PrT + TT

5.5 8 Yes

0 0 inferior right
PrT

9.3 13 Yes

0 0 inferior left PrT 6.7 78 No
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Gender Age Clinical
Symptoms

Calcium
(mg/dL)

PTH
(pg/mL)

Phosphate
(mg/dL)

Creatinin
(mg/dL)

F 46 neprholithiasis,
osteopenia,
osteoporosis

11.2 1800 1.9 0.96

M 65 neprholithiasis,
osteopenia,
osteoporosis

9.7 180 45 1.65

F 43 CKF 8.8 / / 14.3

F 59 None 14.3 / / 1.06

F 61 osteopenia,
osteoporosis,
fatigue,
dyspesia

11.1 238 3 0.63

M 37 osteopenia,
osteoporosis
CKF,
hyperuricemia

17.6 355 / 1.51

F 62 CKF,
Berger’s disease

14.3 1156 7 12.3

F 57 None 14.1 598 2.1 0.9

M 63 CKF 11 432 7.5 9.46

TT, total thyroidectomy; PrT, parathyroidectomy; PTH, parathyroid hormone; CKF, chronic kidney failure.
/, not available.
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Several studies have contributed to understanding the natural

history, diagnosis, genetics and treatment of PC. Unfortunately, the

rarity of this disease, the existing results coming from the few cases

that have been reported and a lack of complete clinical data

represent the main reason for the absence of adequate guidelines.

Moreover, follow-up information is not usually available.

The prevention of PC is difficult and the best expectation is to

develop a specific genetic analysis and preoperative diagnosis

method. In 2017, Silva-Figueroa et al. (20) proposed a prognostic

scoring system to detect PC. The score was based on three risk

groups (low, moderate and high) according to three main variables

and the recurrence-free survival rate. Although this score is still not

validated, it could be associated with clinical, genetic and
Frontiers in Endocrinology 05
histological markers in order to realise a preoperative PC

diagnosis. In 2021, Shulte et al. (21) distinguished the main

histological and clinical features between parathyromatosis,

atypical parathyroid adenomas and PC. This study included a

strict number of cases and revealed a higher level of cellular

necrosis in PC and in adenomas without a clear distinction.

According to the existing results in the literature, the suspicion

of PC should be based on severe PTH high levels, hypercalcemia,

bone and kidney diseases, and an evident neck mass. The best

therapeutic option is still surgery due to the en bloc surgery

concepts carried out in referral endocrine surgery units (19, 22–

24). Gurrado et al. (25) also suggested that the suspicion of PC

should be considered in cases of high values of PTH, hypercalcemia

and a mass with an ultrasound diameter that is more than 3 cm.

The role of immunotherapy could be useful to decrease tumour

size in isolated cases, as demonstrated by Betea et al. (26).

According to Wei and Harari, two cases of inoperable metastatic

PC underwent experimental immunotherapy with satisfying

results (3).

Genetic and epigenetic investigations are in progress, aiming to

identify specific factors and characterize biological molecules and

the genetic network of PC cells in order to subsequently develop

targeted therapies (12).
5 Conclusion

PC represents a great challenge in terms of preoperative

diagnosis, management and treatment. Its rarity is not helpful in

acquiring clear genetic, clinical and histological features. A surgical

approach represents the first best option for PC in referral

endocrine surgery units. In this context, in order to offer the best

treatment that can optimize clinical management and surveillance,

a multidisciplinary team should play a key role. Further

multicentric trials are necessary to improve preoperative

diagnoses and outcomes, to prevent recurrences, and to recognize

at-risk patients.
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FIGURE 1

Intraoperative visualization of parathyroid gland.
FIGURE 2

Parathyroidectomy.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1278178
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Laforgia et al. 10.3389/fendo.2023.1278178
Author contributions

RL: Conceptualization, Writing – original draft. GT: Writing –

review & editing. FC: Data curation, Writing – original draft. MS:

Software, Writing – original draft. AS: Data curation, Writing –

original draft. FA: Validation,Writing – original draft. PL: Validation,

Writing – review & editing. RM: Supervision, Validation, Writing –

review & editing. APa: Validation, Writing – original draft. APe:

Conceptualization, Writing – review & editing.
Funding

The author(s) declare no financial support was received for the

research, authorship, and/or publication of this article.
Frontiers in Endocrinology 06
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Cetani F, Marcocci C, Torregrossa L, Pardi E. Atypical parathyroid adenomas:
challenging lesions in the differential diagnosis of endocrine tumors. Endocr Relat
Cancer (2019) 26(7):R441–64. doi: 10.1530/ERC-19-0135

2. Cetani F, Pardi E, Marcocci C. Parathyroid carcinoma: a clinical and genetic
perspective. Minerva Endocrinol (2018) 43:144–55. doi: 10.23736/S0391-
1977.17.02737-7

3. Wei CH, Harari A. Parathyroid carcinoma: Update and guidelines for
management. Curr Treat Options Oncol (2012) 13:11–23. doi: 10.1007/s11864-011-
0171-3

4. Long KL, Sippel RS. Current and future treatments for parathyroid carcinoma. Int
J Endocr. Oncol (2018) 5:IJE06. doi: 10.2217/ije-2017-0011

5. Agarwal G, Dhingra S, Mishra SK, Krishnani N. Implantation of parathyroid
carcinoma along fine needle aspiration track, Langenbecks Arch. Surg (2006) 391:623–
6. doi: 10.1007/s00423-006-0095-8

6. Cetani F, Pardi E, Marcocci C. Parathyroid carcinoma. Front Horm Res (2019)
51:63–76. doi: 10.1159/000491039

7. DeLellis RA. Parathyroid carcinoma: an overview. Adv Anat Pathol (2005) 12
(2):53–61. doi: 10.1097/01.pap.0000151319.42376.d4

8. Di Meo G, Sgaramella LI, Ferraro V, Prete FP, Gurrado A, Testini M. Parathyroid
carcinoma in multiple endocrine neoplasm type 1 syndrome: case report and
systematic literature review. Clin Exp Med (2018) 18(4):585–93. doi: 10.1007/s10238-
018-0512-7

9. Gill AJ. Understanding the genetic basis of parathyroid carcinoma. Endocr Pathol
(2014) 25(1):30–4. doi: 10.1007/s12022-013-9294-3

10. Fingeret AL. Contemporary evaluation and management of parathyroid
carcinoma. JCO Oncol Pract (2021) 17(1):17–21. doi: 10.1200/JOP.19.00540

11. MaChado NN, Wilhelm SM. Parathyroid cancer: A review. Cancers (2019)
11:1676. doi: 10.3390/cancers11111676

12. Marini F, Giusti F, Palmini G, Perigli G, Santoro R, Branndi ML. Genetics and
epigenetics of parathyroid carcinoma. Front Endocrinol (2022) 13:834362. doi: 10.3389/
fendo.2022.834362

13. Ferraro V, Sgaramella LM, Di Meo G, Prete FP, Logoluso F, Minerva F, et al.
Current concepts in parathyroid carcinoma: A single Centre experience’. BMC
Endocrine Disord (2019) 19(Suppl 1):46. doi: 10.1186/s12902-019-0368-1

14. Kebebew E, Hwang J, Reiff E, Duh Q, Clark O. Predictors of single-gland vs
Multigland parathyroid disease in primary Hyperparathyroidism. Arch Surg (2006) 141
(8):777–82. doi: 10.1001/archsurg.141.8.777

15. Mazeh H, Chen H, Leverson G, Sippel RS. Creation of a “Wisconsin index”
nomogram to predict the likelihood of additional hyperfunctioning parathyroid glands
during parathyroidectomy. Ann Surg (2013) 257(1):138–41. doi: 10.1097/
SLA.0b013e31825ffbe1

16. De Pasquale L, Lori E, Bulfamante AM, Felisati G, Castellani L, Saibene AM.
Evaluation of wisconsin and caPTHUS indices usefulness for predicting
monoglandular and multiglandular disease in patients with primary
hyperparathyroidism through the analysis of a single-center experience. Int J
Endocrinol (2021) 2040284. doi: 10.1155/2021/2040284

17. Wilhelm SM, Wang TS, Ruan DT, Lee JA, Asa SL, Duh QY, et al. The american
association of endocrine surgeons guidelines for definitive management of primary
hyperparathyroidism. JAMA Surg (2016) 151(10):959–68. doi: 10.1001/
jamasurg.2016.2310

18. Arnold A, Shattuck TM, Mallya SM, Krebs LJ, Costa J, Gallagher J, et al.
Molecular pathogenesis of primary hyperparathyroidism. J Bone Miner. Res (2002) 17
(Suppl. 2):N30–6.

19. Ippolito G, Palazzo FF, Sebag F, De Micco C, Henry FJ. Intraoperative diagnosis
and treatment of parathyroid cancer and atypical parathyroid adenoma. Br J Surg
(2007) 94:566–70. doi: 10.1002/bjs.5570

20. Silva-Figueroa AM, Hess KR, Williams MD, Clarke CN, Christakis I, Graham
PH, et al. Prognostic scoring system to risk stratify parathyroid carcinoma. J Am Coll
Surg (2017) 224:980–7. doi: 10.1016/j.jamcollsurg.2017.01.060

21. Schulte JJ, Pease G, Taxy JB, Hall C, Cipriani NA. Distinguishing
parathyromatosis, atypical parathyroid adenomas, and parathyroid carcinomas
utilizing histologic and clinical features. Head Neck Pathol (2021) 15(3):727–36.
doi: 10.1007/s12105-020-01281-6

22. Hoelting T, Weber T, Werner J, Herfarth C. Surgical treatment of parathyroid
carcinoma (Review). Oncol Rep (2001) 8:931–4. doi: 10.3892/or.8.4.931

23. Sandelin K, Auer G, Bondeson L, Grimelius L, Farnebo LO. Prognostic factors in
parathyroid cancer: A review of 95 cases. World J Surg (1992) 16:724–31. doi: 10.1007/
BF02067369

24. Kebebew E, Arici C, Duh QY, Clark OH. Localization and reoperation results for
persistent and recurrent parathyroid carcinoma. Arch Surg (2001) 136:878–85.
doi: 10.1001/archsurg.136.8.878

25. Gurrado A, Pasculli A, Bellantone R, Boniardi M, Merante Boschin I, Calò PG,
et al. Parathyroid retrospective analysis of neoplasms incidence (pTRANI study): an
italian multicenter study on parathyroid carcinoma and atypical parathyroid tumour. J.
Clin. Med. (2023) 12(19:6297. doi: 10.3390/jcm12196297

26. Betea D, Bradwell AR, Harvey TC, Mead GP, Schmidt-Gayk H, Ghaye B, et al.
Hormonal and biochemical normalization and tumor shrinkage induced by anti-
parathyroid hormone immunotherapy in a patient with metastatic parathyroid
carcinoma. J Clin Endocrinol Metab (2004) 89:3413–20. doi: 10.1210/jc.2003-031911
frontiersin.org

https://doi.org/10.1530/ERC-19-0135
https://doi.org/10.23736/S0391-1977.17.02737-7
https://doi.org/10.23736/S0391-1977.17.02737-7
https://doi.org/10.1007/s11864-011-0171-3
https://doi.org/10.1007/s11864-011-0171-3
https://doi.org/10.2217/ije-2017-0011
https://doi.org/10.1007/s00423-006-0095-8
https://doi.org/10.1159/000491039
https://doi.org/10.1097/01.pap.0000151319.42376.d4
https://doi.org/10.1007/s10238-018-0512-7
https://doi.org/10.1007/s10238-018-0512-7
https://doi.org/10.1007/s12022-013-9294-3
https://doi.org/10.1200/JOP.19.00540
https://doi.org/10.3390/cancers11111676
https://doi.org/10.3389/fendo.2022.834362
https://doi.org/10.3389/fendo.2022.834362
https://doi.org/10.1186/s12902-019-0368-1
https://doi.org/10.1001/archsurg.141.8.777
https://doi.org/10.1097/SLA.0b013e31825ffbe1
https://doi.org/10.1097/SLA.0b013e31825ffbe1
https://doi.org/10.1155/2021/2040284
https://doi.org/10.1001/jamasurg.2016.2310
https://doi.org/10.1001/jamasurg.2016.2310
https://doi.org/10.1002/bjs.5570
https://doi.org/10.1016/j.jamcollsurg.2017.01.060
https://doi.org/10.1007/s12105-020-01281-6
https://doi.org/10.3892/or.8.4.931
https://doi.org/10.1007/BF02067369
https://doi.org/10.1007/BF02067369
https://doi.org/10.1001/archsurg.136.8.878
https://doi.org/10.3390/jcm12196297
https://doi.org/10.1210/jc.2003-031911
https://doi.org/10.3389/fendo.2023.1278178
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Management and surgical treatment of parathyroid carcinoma: a 6-year experience of a single centre of endocrine surgery unit
	1 Introduction
	2 Materials and methods
	2.1 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


