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ABSTRACT 

 
Primary hyperparathyroidism (PHPT) is most commonly caused by benign tumors of the 
parathyroid glands, parathyroid adenomas (PA). Only about 1% of PHPT cases are due to 
parathyroid carcinoma (PC). In Finland, 2-3 new PC cases are diagnosed every year. The 
only curative treatment of PC is surgery. The diagnosis of PC is based on one criterium only: 
invasiveness, either on histopathological examination, or in the presence of metastases. This 
means that the diagnosis can  - with very rare exceptions in the case of metastatic disease - 
only be set after surgery. Profusely high levels of calcium and parathyroid hormone (PTH) in 
the blood are more common in malignant disease than benign, but there is a significant 
overlap between the tumor groups. Atypical parathyroid adenomas (APA) are tumors that 
share histological properties with PC but lack the invasive characteristics that define 
malignancy. This is a largely unknown disease entity, and it is not entirely sure to which 
extent APAs behave indolently like PA, and to which extent they cause a more aggressive 
cause of disease. Recurrence occurs in roughly half of all PC cases. In inoperable or 
disseminated disease, there are only palliative treatment options, as chemotherapy or 
radiotherapy are not effective.  

With this thesis, we aimed to improve the diagnostics of parathyroid carcinoma: We wanted 
to find tissue markers that could help in the diagnostic process, or markers that could give a 
hint on the prognosis of the patient. We also wanted to investigate potential treatment 
options in inoperable PC.  

Our material consists of a nationwide cohort of all PC tumors diagnosed in Finland between 
the years 2000-2011, and additional PC tumors from the Helsinki University Hospital 
district diagnosed after that as well as APA and PA tumors, also from the Helsinki University 
Hospital District. Apart from tumor material, we also have extensive clinical data on these 
patients.    

By immunohistochemistry, we investigated the expression of somatostatin receptors (SST) 1-
5 in parathyroid tumors. Different types of SST:s are commonly overexpressed in other types 
of hormone-secreting tumors and had not previously been studied in parathyroid neoplasms. 
We found that all SST:s 1-5 were expressed in parathyroid tumors, to varying degree, and 
that the expression was increased in malignant tumors compared to benign, with benign 
adenomas having the lowest expression and PC the highest, and APA tumors showing 
intermediate expression. An especially large difference between the tumor groups was found 
regarding SST5. We investigated expression of the calcium-sensing receptor (CaSR), a key 
component in the regulation of blood calcium by the parathyroids, as well as the calcium-
sensing receptor regulating protein Filamin A (FLNA). Surprisingly, all tumors in our cohort 
showed unmistakable expression of CaSR, despite its expression being commonly considered 
reduced in PC tumors. High expression of FLNA was significantly more common in PC 
tumors compared to benign.  We combined our FLNA score with expression of the 
established parathyroid tumor marker parafibromin and found that tumors with low 
expression of FLNA that are parafibromin positive are highly likely to be benign or have an 
indolent course of disease.  
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We also described a patient case; the patient had disseminated PC with metastases in her 
bones and mediastinum. She was treated with a combination of the chemotherapy drug 
temozolomide (TEM), as well as surgery, radiotherapy, and calcium-lowering agents. The 
patient’s symptoms improved, and her disease progress halted. The treatment was stopped 
when she was in biochemical remission. Ten years later, she is still in remission. For this case 
study, we investigated methylation of the MGMT gene in the patient’s tumor DNA: 
inactivation of MGMT by methylation is a (partial) prerequisite for successful treatment with 
TEM. We found that this patient’s methylation levels were high, which supports the role of 
TEM in the excellent treatment result of this patient. Furthermore, we investigated MGMT 
methylation in a cohort of PC and APA patients. The case report patient was the only one 
with high MGMT methylation status, which indicates that MGMT methylation is rare in PC.   
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TIIVISTELMÄ 
 

Primaarin hyperparatyreoosin (PHPT) yleisin aiheuttaja on hyvänlaatuinen 
lisäkilpirauhasadenooma (PA). Vain n. 1 % PHPT-tapauksista ovat lisäkilpirauhassyövän 
(PC) aiheuttamia. Vuosittain Suomessa diagnosoidaan 2–3 uutta PC-tapausta. PC:n ainoa 
parantava hoito on leikkaushoito. Karsinooman voi diagnosoida ainoastaan 
histopatologisessa tutkimuksessa osoitettavalla invaasiivisella kasvulla tai metastaasien 
toteamisen perusteilla. Tämä tarkoittaa käytännössä sitä, että PC-diagnoosin asettaminen 
ennen lisäkilpirauhasen leikkausta on mahdotonta, ellei diagnoosi perustuisi 
metastaasinäytteeseen. Maligniin tautiin viittaavia piirteitä ovat hyvin korkeat seerumin 
kalkki- tai parathormoni (PTH)-tasot, mutta korkeita arvoja voidaan todeta myös 
benigneissä kasvaimissa. 

 Atyyppiset lisäkilpirauhasadenoomat (APA) muistuttavat karsinoomia muilta histologisilta 
piirteiltään, mutta niistä puuttuu invasiivinen kasvu. Tämän tautikokonaisuuden 
käyttäytyminen on arvoitus. Valtaosa APA-kasvaimista käyttäytyy suotuisasti kuten PA-
kasvaimet, mutta joskus tauti on aggressiivisempi. Noin 50% PC-kasvaimista uusiutuu 
leikkaushoidon jälkeen. Jos kasvainta ei pystytä leikkaamaan pois, jäljelle jää vain 
palliatiiviset hoitokeinot; solunsalpaaja- tai sädehoidot eivät ole osoittautuneet tehokkaiksi.  

Tämän väitöskirjan päätavoite oli lisäkilpirauhassyövän diagnostiikan parantaminen: 
Tavoite oli löytää kudosmarkkereita kasvaimen alatyypin ja ennusteen määrittämiseen, sekä 
löytää hoitovaihtoehtoja leikkaushoidon ulkopuolella olevaan lisäkilpirauhassyöpään. 

Kansallinen PC-kasvainkohortti (diagnosoitu vuosina 2000-2011), sekä tämän jälkeen 
ilmaantuneet karsinoomat Helsingin ja Uudenmaan sairaanhoitopiirin (HUS) alueelta 
muodostavat tutkimusaineiston. APA- sekä PA-kasvainkohortti muodostuu HUS alueella 
hoidetuista tapauksista. Kaikista potilaista on kerätty tarkat kliiniset tiedot.  

Somatostatiinireseptoreiden (SST) 1-5 ekspressio lisäkilpirauhaskasvaimissa tutkittiin 
immunohistokemialla. Niiden yliekspressiota on aiemmin todettu monissa muissa 
endokriinisissa kasvaimissa, mutta lisäkilpirauhaskasvaimien SST-ekspressio oli 
tuntematon. Löysimme kaikkia SST-alatyyppejä vaihtelevassa määrin 
lisäkilpirauhaskasvaimissta. Suurin reseptorimäärä löytyi karsinoomista ja matalin 
adenoomista; APA-kasvainten SST-ekspressio oli näiden välissä. SST5-reseptorin 
ilmentymän välillä oli erityisen suuria eroja kasvainryhmissä.  

Lisäkilpirauhasten kalsiumia aistivan reseptorin (CaSR) ekspressio säätelee veren 
kalsiumtasapainoa. Filamin A (FLNA)-proteiini taas osallistuu CaSR:in säätelyyn. Tutkittiin 
näiden molempien ekspressiota lisäkilpirauhaskasvaimissa. Kaikki väitöskirja-aineiston 
kasvaimet olivat CaSR-positiivisia immunohistokemialla, vaikka aiemmat tulokset ovat 
esittäneet sen ekspression vähenemistä lisäkilpirauhaskasvaimissa verrattuna normaaliin 
lisäkilpirauhaskudokseen. Korkea FLNA-ekspressio oli selvästi tavallisempi karsinoomissa 
adenoomiin verrattuna.  
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Mikäli lisäkilpirauhaskasvaimella on matala FLNA-ekspressio eikä normaali 
parafibromiiniekspressio ole hävinnyt, ovat nämä kasvaimet hyvin suurella 
todennäköisyydellä hyvänlaatuisia, tai niillä on suotuisa taudinkulku.  

Lisäkilpirauhaskarsinooma-potilastapaus muodostaa yhden väitöskirjan osakokonaisuuden.  
Välikarsinaan- ja luustoon levinnyttä tautia hoidettiin yhdistämällä temotsolomidi-
sytostaattia (TEM), leikkausta ja sädehoitoa sekä veren kalsiumtasoa alentavia lääkkeitä. 
Potilaan oireet lieventyivät, ja taudinkulku hidastui. Hoito lopetettiin, kun potilas oli 
laboratorioarvojen perusteella remissiossa. Remissio on kestänyt kymmenen vuotta. 
Potilaan kasvainnäytteen DNA:sta todettiin MGMT-geenin metylaatiopohjainen inaktivaatio 
joka ainakin osittain selittää suotuisan vasteen TEM-hoitoon. Tutkimme lisäksi MGMT-
metylaatioastetta isommassa PC- ja APA-kohortissa, mutta tapausselostuksen potilaan 
kasvain oli ainoa, jossa korkea MGMT-metylaatio havaittiin. Tämä osoittaa, että MGMT-
metylaatio on harvinainen PC:ssä.  
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SAMMANFATTNING 

 
Primär hyperparatyreos (PHPT) orsakas oftast av godartade tumörer i bisköldkörtlarna, så 
kallade bisköldkörteladenom (PA). Endast ca. 1% av alla fall av PHPT beror på cancer i 
bisköldkörtlarna (PC). I Finland diagnostiseras 2-3 nya fall av PC årligen. Den enda kurativa 
behandlingen för PC är operation. Diagnosen baseras på ett enda kriterium: invasion, 
antingen vid histopatologisk undersökning eller efter påvisande av metastaser. Detta betyder 
att diagnosen endast kan ställas efter operation (undantaget uppenbar metastatisk 
sjukdom). Kraftigt förhöjda nivåer av calcium och parathormon (PTH) i blodet är vanligare 
vid malign sjukdom än vid PA, dock finns det en betydande överlappning mellan 
tumörtypernas sjukdomsbilder. Atypiska bisköldkörteladenom (APA) är tumorer som har 
liknande histologiska egenskaper som PC, men saknar de invasiva egenskaper som definierar 
malign sjukdom. Denna sjukdomsentitet är i hög grad outforskad och det är inte klarlagt i 
vilken utsträckning APA beter sig indolent likt PA alternativt har ett mera malignt 
sjukdomsförlopp med lokal recidivering. Ungefär hälften av alla PC-fall recidiverar. Vid 
inoperabel eller spridd sjukdom kvarstår enbart palliativa behandlingsalternativ. 
Kemoterapi eller strålbehandling är ineffektiva.  

Med denna avhandling strävar vi till att förbättra diagnostiken för bisköldkörtelcancer: Vi 
har försökt hitta vävnadsmarkörer som kunde underlätta den diagnostiska processen eller 
markörer som kunde förutsäga patientens prognos, samt undersökt eventuella 
behandlingsmetoder för inoperabel PC.  

Vårt material är en nationell kohort bestående av alla bisköldkörtelcancertumörer 
diagnosticerade i Finland mellan 2000-2011 och PC-tumörer från Helsingfors 
universitetssjukhus distrikt diagnosticerade efter 2011, samt APA och PA-tumörer, också 
från Helsingfors och Nylands sjukvårdsdistrikt. Förutom tumörvävnad har vi också 
omfattande kliniska data på dessa patienter.  

Ökad expression av somatostatinreceptorer (SST) påträffas ofta i andra typer av 
hormonutsöndrande tumörer och SST-expression har inte tidigare undersökts i 
bisköldkörteltumörer. Med hjälp av immunohistokemi undersökte vi expression av 
somatostatinreceptorerna (SST) 1-5 och fann expression av alla SST undertyper, i varierande 
grad. Den högsta SST-expressionen fanns i PC-tumörer och den lägsta i PA-gruppen. 
Expressionen hos APA låg mellan PC och PA. Speciellt stora skillnader i SST-expression 
mellan tumörgrupperna fann vi gällande SST5. Vi undersökte också expression av calcium-
avkännande receptorer (CaSR),  som har en viktig roll i bisköldkörtlarnas reglering av 
calciumhalten i blodet. Vidare undersökte vi expression av proteinet Filamin A (FLNA), som 
reglerar expressionen av CaSR. Överraskande nog fann vi att alla tumörer i vår kohort hade 
positiv expression av CaSR, trots att CaSR-expressionen allmänt anses nedreglerad i 
bisköldkörteltumörer. Hög expression av FLNA utmärkte speciellt PC-tumörgruppen. Vi 
kombinerade expressionen av FLNA med expression av den etablerade 
bisköldkörtelvävnadsmarkören parafibromin och fann att tumörer med låg expression av 
FLNA med positiv parafibrominfärgning med stor sannolikhet är benigna, eller har ett milt 
sjukdomsförlopp.  
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Vi beskrev också ett patientfall: en patient med metastaserad PC blev behandlad med en 
kombination av cytostatikan temozolomide (TEM) samt operation, strålbehandling och 
calcium-sänkande medicinering. Patientens symptom lindrades och hennes 
sjukdomsförlopp avstannade. Tio år senare är hon fortfarande i remission, trots att hon när 
behandlingen inleddes hade metastaser i skelettet och mediastinum. För fallstudien 
undersökte vi metylering av MGMT-genen från patientens tumör-DNA: inaktivering av 
MGMT genom metylering är en förutsättning för lyckat behandlingsresultat med TEM. Vi 
fann att den här patientens MGMT-metylering var hög, vilket stöder vikten av TEM i den här 
patientens lyckade behandlingsresultat. Vi undersökte vidare MGMT-metylering i en större 
grupp PC- och APA-patienter. Fallstudiens patient var den enda med hög MGMT-
metyleringsstatus, vilket tyder på att MGMT-metylering är sällsynt i PC-tumörer.  
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1 INTRODUCTION 

 
Primary hyperparathyroidism (PHPT) is a common endocrine disease that predominantly 
affects postmenopausal women and most often is caused by a single parathyroid adenoma. 
In about one percent of cases, the underlying cause is parathyroid carcinoma, one of the 
rarest known malignancies. All forms of PHPT cause similar symptoms, caused by excess 
release of parathyroid hormone (PTH) and subsequent hypercalcemia. The symptoms are 
often diffuse, such as stomach pains, nausea, constipation, joint pains, fatigue and 
depression but can also be severe, including kidney stones, impaired kidney function and 
osteoporotic fractures (Bollerslev et al., 2019; Duan et al., 2015).  

Parathyroid carcinoma (PC) is very difficult to distinguish from benign forms of PHPT. 
There are no means to preoperatively distinguish PC from benign disease. PC patients often, 
but far from always, have higher levels of serum ionized calcium (S-Ca-ion) and PTH and 
thus more severe symptoms. Surgery is the only curative treatment for all forms of PHPT. 
Total resection of the tumor as well as the corresponding thyroid lobe is considered to 
improve the outcome in PC. This so-called en bloc surgery is currently performed on clinical 
suspicion based on symptoms, laboratory results or intraoperative appearance. 

The diagnosis of PC is based on invasive characteristics on immunohistological examination 
of resected tumor tissue (or overt metastatic disease), a diagnosis difficult to set also for the 
pathologist. Negative staining of the protein parafibromin strongly indicates PC, but not all 
PC tumors are parafibromin negative (Bollerslev et al., 2019; Cetani, Pardi, et al., 2018). 
Genetic syndromes can underlie familial forms of PC, such as hyperparathyroidism-jaw 
tumor-syndrome (HPT-JT) caused by germline mutations of the parafibromin-encoding 
gene CDC73 and multiple endocrine neoplasia (MEN) syndromes, among others (Duan et al., 
2015).  

The recurrence rate of PC, according to the literature, is 40-60% and median survival is 14.3 
years (Harari et al., 2011; Ryhänen et al., 2012; Talat & Schulte, 2010). The cause of death is 
usually uncontrollable hypercalcemia and renal failure, rather than metastatic tumor 
burden(Bollerslev et al., 2019; Cetani, Pardi, et al., 2018). Treatment options are very limited 
in recurrent or metastatic disease. There are no known systemic treatments. Hypercalcemia 
can be palliatively treated with calcimimetics, bisphosphonates and intravenous 
hydration/fluid resuscitation, but only anecdotal reports of successful radiotherapy and 
chemotherapy treatments have been published (Bollerslev et al., 2019; Talat & Schulte, 
2010). Due to its low incidence, PC is difficult to research. Accurate diagnosis is crucial for 
the prognosis of the patients and for those with recurrent disease, new treatment options are 
urgently needed.  

  



16 

 

2 REVIEW OF THE LITERATURE 

 
2.1 THE PARATHYROID GLANDS 
 

Calcium and phosphate homeostasis in the body are regulated by the parathyroid glands. As 
the name suggests, the parathyroid glands are situated in the neck, usually in the connective 
tissue at the back of the thyroid gland. The prefix ”para-” stems from Greek, meaning ”next 
to”, or ”beside”. The parathyroids were first discovered in the Indian rhinoceros in 1850 
(Eknoyan, 1995).  The human parathyroid glands were first described by the Swedish 
medical student Ivar Sandström in 1880 (Carlson, 2010; Sandström, 1880). Most people 
have four parathyroid glands; however, 2-13% of people have additional parathyroids (Duan 
et al., 2015) 

 

 

 

 

Figure 1. The parathyroid glands 
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2.1.1 EMBRYOLOGY 
The parathyroid glands differentiate during the fifth gestation week during the embryonic 
development. The superior parathyroid glands descend from the base of the tongue together 
with the cells that are about to become calcitonin-secreting c-cells of the thyroid gland, 
which also participate in calcium metabolism. The position of the superior thyroid glands, 
deriving from the fourth pharyngeal pouch, is more constant than that of the inferior glands, 
which derive from the third pharyngeal pouch. The inferior glands usually situate near the 
lower poles of the parathyroid gland but can sometimes also be found in the region of the 
thymus, in the mediastinum or in retroesophageal and pretracheal regions, as they descend 
along with the thymus. and lose their connection to the pharynx during the seventh week. 
(Duan et al., 2015; Mansberger & Wei, 1993).  

 

2.1.2 ANATOMY 

The brown, oval-shaped glands are small, up to 6-8 mm in diameter and weighing only 35-
40 mg each (Duan et al., 2015). Their position can vary, and supernumerary glands may 
occur. They are surrounded by a thin pseudocapsule of connective tissue. Connective tissue 
bands extend into the glands, dividing them into vague lobules (Duan et al., 2015). 
Vascularisation arises mainly from the inferior thyroid arteries and each parathyroid have 1-
4 main vessels (Mohebati & Shaha, 2012; Shaari et al., 2021). Parathyroid veins drain mainly 
into the inferior thyroid vein (Mallette et al., 1981).   

 
2.1.3 HISTOLOGY 
On histological examination, the normal parathyroid gland consists of two main cell types. 
Chief cells are responsible for the production, storage and secretion of parathyroid hormone 
(PTH). This is the most predominant cell type. Oxyphil cells (also known as oncocytic cells), 
the other parathyroid tissue cell type, have an unknown function. As they encompass a large 
number of mitochondria, the oxyphil cells are eosinophilic on hematoxylin/eosin staining 
(H&E). They are speculated to participate in calcium metabolism through paracrine 
signalling with parathyroid-hormone related peptide (PTHrP) and calcitonin (Ritter et al., 
2012). In adults, the parathyroid glands contain a large amount of fat tissue (normally 
around 10-25% of the glandular volume) (Grimelius et al., 1991). Acinar or follicular 
structures can sometimes be seen in the parenchymal tissue. Parathyroid tissue is considered 
neuroendocrine and stains positive for chromogranin A and synaptophysin on 
immunohistochemistry (IHC). They are also immunoreactive for various low-molecular 
weight cytokeratins. Parathyroid tissue is positive for PTH staining, chief cells often more so 
than oxyphil cells, while thyroglobulin staining is negative. Panel stainings with these 
markers helps distinguish parathyroid tissue from adjacent thyroid tissue (Erickson & Mete, 
2018).  

 

  



18 

 

2.2 REGULATION OF CALCIUM HOMEOSTASIS 
 
2.2.1 THE ROLE OF CALCIUM IN THE BODY 
Calcium is the fifth most common element in the human body, most of which (>99%) is 
bound to the skeleton in the form of hydroxyapatite Ca5(PO4)3(OH). Calcium gives the bone 
its strength, but bone tissue also functions as a pool for intra-and extracellular calcium to be 
released when necessary. Calcium in the body outside of bone tissue is in rapid exchange 
according to needs and consumption and occurs as free ions, protein bound complexes and 
ionic complexes. Serum calcium levels are tightly regulated and is maintained at 
physiological levels of 1.10-1.35 mmol/l (Peacock, 2010). Calcium participates in a wide 
range of biological functions, including muscle contraction, intracellular signalling, synaptic 
transmission in neurons, and blood pressure regulation. (Sweeney & Hammers, 2018; 
Wakabayashi, 2015) 

 
2.2.2 PARATHYROID HORMONE 
The parathyroid glands regulate calcium homeostasis in the body through the secretion of 
parathyroid hormone (PTH), a peptide hormone consisting of 84 amino acids (Bilezikian et 
al., 2016). PTH acts through its respective receptors PTH1R and PTH2R on the kidneys to 
increase reabsorption of calcium from the urine and on the intestines to increase absorption 
of calcium. In the skeleton, PTH works on osteoblasts and stimulates the differentiation of 
osteoclasts to mobilize calcium from bone tissue into the bloodstream (Brennan et al., 2013). 
In the kidneys, PTH stimulates the conversion of 25-hydroxyvitamin D to the biologically 
active form of vitamin D, 1,25-dihydroxyvitamin D (also called calcitriol), which further 
increases the levels of serum calcium by improved intestinal absorption. PTH also acts on 
the kidneys to decrease reabsorption of phosphate and promotes excretion of phosphate into 
the urine (Blaine et al., 2015).  

 
2.2.3 THE CALCIUM-SENSING RECEPTOR 
The calcium-sensing receptor (CaSR) is essential to the regulation of serum calcium. It is a 
G-protein coupled receptor that binds extracellular Ca2+ and is present in the chief cells in 
the parathyroid glands but can also be found in the entire gastrointestinal canal, in the 
kidneys, central nervous system, thyroid c-cells as well as bone tissue.   

In the parathyroid chief cells, CaSR react to minimal changes in blood calcium levels by 
inhibiting secretion of PTH (Tennakoon et al., 2016). The receptor binds calcium in a 
saturable manner and is constantly active under normal concentrations of serum calcium, 
thus continuously suppressing PTH secretion (Brennan et al., 2013). The relationship 
between serum calcium and serum PTH is inversely sigmoidal under normal physiological 
conditions; if serum levels of calcium are low, CaSR signalling is inactive and PTH is 
released. In thyroid C-cells, CaSR activation triggers voltage-gated calcium channels, 
releasing calcitonin (Conigrave & Ward, 2013).  
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In the kidney, CaSR participates in the homeostasis of phosphate as well as mono- and 
divalent cations. CaSR regulates urine adicification and concentration and receptor 
activation play a role also in renin secretion, cyclooxygenase pathways and arachidonic acid 
metabolism (Brennan et al., 2013; D. Riccardi & Brown, 2010). Ligands for CaSR, apart from 
calcium, include other cations, polyamines and polypeptides (Tennakoon et al., 2016). The 
CaSR can heterodimerize with other receptors, such as metabotrope glutamate receptors as 
well as GABAB-receptors, although with unknown consequences (Conigrave, 2016). In the 
gastrointestinal tract, CaSR is assumed to participate in nutrient sensing, fluid transport and 
intestinal motility (Brennan et al., 2013; Conigrave, 2016). It regulates gastrin and 
cholecystokinin secretion in the upper gastrointestinal tract and secretion of bicarbonate, 
bone morphogenic protein 2 and Wnt5a in the colon (Tennakoon et al., 2016).  

 

2.2.4 VITAMIN D 
Vitamin D is essential for the absorption of calcium and phosphate in the gastrointestinal 
canal. It can be acquired from the diet - in the form of ergocalciferol (vitamin D2) or 
cholecalciferol (vitamin D3) -  or by conversion of 7-dehydrocholesterol to previtamin D3 
activated by sunlight in the skin, followed by subsequent thermal isomerization to vitamin 
D3 (Bikle, 2014). D3 is converted to calcidiol (25(OH)D) in the liver. Final activation into 
calcitriol (1,25-(OH)2D) occurs primarily in the kidneys by the 1 -hydroxylase enzyme. 
Extrarenally activated calcitriol serves mainly as an autocrine or paracrine factor with 
distinct cell-type dependent functions. The 1 -hydroxylase enzyme is regulated directly by 
serum calcium levels, speculated through CaSR-related mechanisms, but its transcription is 
also regulated by circulating PTH. The effects of calcitriol are mediated through the vitamin 
D receptor (VDR). VDR is expressed in intestinal epithelial cells, most prominently in the 
small intestine, where it exerts its main function - regulating calcium absorption. It is also 
present in a variety of other tissues, including kidney tubular epithelial cells, osteoblasts, 
parathyroid tissue, as well as thymus and immune cells, and also in cells of the reproductive 
system (Wang et al., 2012). VDR is a member of the steroid hormone nuclear receptor family 
and acts as a transcription factor (Bikle, 2014).  Activation of VDR in the intestine increases 
expression of calcium-transporting proteins such as the apical membrane calcium channel 
TRPV6 and calcium-binding protein calbindin-D9k (Christakos et al., 2015). In the 
parathyroid glands, calcitriol also increases expression of CaSR, increasing parathyroid 
sensitivity to extracellular calcium in order to decrease secretion of PTH (Bikle, 2014). 
Calcitriol is inactivated by the 24-hydroxylase enzyme, regulated similarly to 1 -hydroxylase, 
with its expression and activity increased by phosphate and decreased by PTH (Dusso et al., 
2005).  
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2.2.5 PHOSPHATE METABOLISM 
Phosphate metabolism is tightly bound to that of calcium. Up to 85% of the phosphate in the 
body is bound with calcium into hydroxyapatite (Takashi & Fukumoto, 2020). When bone is 
resorbed, phosphate and calcium are secreted equally to their molar ratio of hydroxyapatite 
(3:5). In the diet, high calcium intake impairs phosphate uptake and vice versa (Peacock, 
2020). While extracellular phosphate concentrations do not affect PTH secretion, PTH 
inhibits reabsorption and increases secretion of phosphate in the kidneys. Fibroblast growth 
factor 23 (FGF23) secreted from osteocytes is the main regulator of serum phosphate. An 
increase in extracellular phosphate increases FGF23-secretion through unknown 
mechanisms. Low dietary intake of phosphate increases 1 -hydroxylase activity; FGF23 
decreases calcitriol production in the kidney and subsequently decreases phosphate uptake 
from the intestines (Jacquillet & Unwin, 2019). FGF23 also decreases PTH 
secretion(Peacock, 2020).  

 

2.2.6 CALCITONIN 
Calcitonin is a peptide hormone secreted by the parafollicular c-cells of the thyroid, binding 
to the g-protein coupled calcitonin receptor. Secretion of calcitonin is stimulated by high 
serum calcium concentrations. The main action of calcitonin is supposedly inhibition of 
osteoclast activity, although this affect is transient after prolonged exposure. The role of 
calcitonin in regulation of serum calcium is negligible in healthy individuals (Silverman, 
2003).  
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Figure 2. The feedback system of calcium regulation. 
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2.3  CLINICAL PRESENTATION OF PRIMARY 
HYPERPARATHYROIDISM 
 
2.3.1 EPIDEMIOLOGY 
Primary hyperparathyroidism (PHPT) is a relatively common endocrine disorder with an 
incidence of 1-4/1000 (Pallan et al., 2012). The majority of cases are due to benign 
parathyroid adenomas (85%), usually in one parathyroid gland only but can also occur as 
double adenomas. Malignant tumors of the parathyroid (parathyroid carcinoma, PC) stand 
for only 1% of all PHPT cases. Another cause of PHPT is hyperplasia of one or more 
parathyroid glands (around 14% of cases) (Bilezikian et al., 2016).  

PHPT due to adenoma is most common in postmenopausal women, with a gender ratio of 3 
to 1. In PC, the gender ratio is equal, and the incidence age is slightly lower with a peak 
incidence age around 40-50 years (Cetani, Pardi, et al., 2018; Marcocci et al., 2008). 
Younger patients are more likely to have an underlying genetic condition, such as CDC73 
mutation or MEN1. PC is one of the rarest forms of cancer and stands for only 0.005 percent 
of all malignancies (Lee et al., 2007). In Finland, the average incidence is 
7.14/10,000,000/year /years 2000-2013), meaning that two or three new cases are 
diagnosed yearly (Ryhänen et al., 2012). During the last 20 years, the incidence is reported to 
be on the rise in several countries, including Finland as well as Australia and the United 
States (Lee et al., 2007; Ryhänen et al., 2012). The cause of this global occurrence is 
unknown and improved diagnostics does not necessarily fully explain the phenomenon.  

The clinical picture is identical in all forms of PHPT and is caused by the abnormal secretion 
of PTH and subsequent hypercalcemia. In the western world, PHPT is relatively 
asymptomatic due to the vague symptom profile and is often an incidental finding due to 
hypercalcemia on routine blood tests in 70-80% of cases (Duan et al., 2015). PHPT 
presenting with severe symptoms is more common in developing countries, as the disease 
progresses further before it is diagnosed.  

 

2.3.2 SYMPTOMS 
Symptoms include gastrointestinal symptoms such as nausea, stomach pain and 
constipation, polyuria, impaired renal function, nephro- and urolithiasis (due to increased 
urinary calcium levels), decreased bone density, cardiovascular problems (hypertension, left 
ventricle hypertrophy and increased cardiovascular mortality) as well as joint pains, general 
weakness and neuropsychiatric symptoms: depression, fatigue, decreased cognitive 
functioning and sleep disturbances (Bollerslev et al., 2019; McMahon et al., 2015). In more 
severe disease, PHPT can cause kidney failure and osteoporotic fractures (Bilezikian et al., 
2016; Duan et al., 2015). Hypercalcemic pancreatitis, although usually associated with higher 
levels of serum calcium and alkaline phosphatase (ALP), can be the first sign of disease 
(Cetani, Barone, et al., 2018; Misgar et al., 2020).  
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2.3.3 DIAGNOSTIC FINDINGS 
The diagnosis of PHPT is made on basis of elevated serum calcium and higher-than-normal 
or unsuppressed PTH. Also, normocalcemic forms of PHPT exist with elevated PTH and 
normal serum calcium levels (Bilezikian et al., 2016; Pallan et al., 2012). The reference values 
for serum ionized calcium are dependent on the method used and the reference ranges 
specific for the method, but usually in the range of 1.15-1.30 mmol/l for ionized calcium , and 
15-65 ng/l for PTH (Ryhänen et al., 2012). Around 30-50 percent of calcium in the blood is 
bound to albumin and not biologically active and thus non-protein bound ionized calcium is 
the measured parameter of choice instead of total serum calcium (S-Ca), as to prevent 
measurement errors caused by fluctuating albumin levels. Supplementation with calcium 
might also increase the percentage of calcium bound to albumin. However, the albumin-
corrected total serum calcium is usually sufficiently accurate in otherwise healthy patients 
not taking vitamin D or calcium supplements (Morton et al., 2010). Hypophosphatemia is 
common, due to increased PTH secretion causing increased urinary secretion of phosphate. 
ALP and creatinine levels may also be elevated due to bone and kidney involvement, 
respectively.  

 

2.3.4 TREATMENT 
Surgery is the only curative treatment of PHPT. Symptomatic disease is a general criterion 
for operative treatment if the patient is eligible for surgery. If the patient is asymptomatic, 
occurrence of nephrolithiasis, decreased bone mineral density (BMD) with a T-score of 
under -2.5 SD or osteoporotic fractures, kidney failure (GFR <60). Patient age <50 years and 
serum Ca-ion exceeding 0.12 mmol/l over the upper reference limit (or total serum calcium 
>0.25 mmol/l over the upper reference limit) are also indications for surgery (Bilezikian et 
al., 2014, 2016; Khan et al., 2017). Surgery quickly normalizes serum calcium and PTH.  

Secondary hyperparathyroidism is most commonly caused by chronic renal failure or 
vitamin D deficiency due to inadequate intake or related to malabsorption syndromes. It is 
caused by a lack of calcitriol and a subsequent insufficient absorption of calcium from the 
intestines. The parathyroids compensate for this by overproducing PTH with a generalized 
hyperplasia of the parathyroid glands. In tertiary hyperparathyroidism, long-standing 
secondary hyperparathyroidism causes the feedback loop that regulates calcium homeostasis 
to become dysfunctional, which in turn aggravates abnormal PTH secretion. In addition to 
hyperplasia, tertiary hyperparathyroidism may also give rise to focal adenomas (Palestro et 
al., 2005).  
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Table 1. General surgical criteria in PHPT 

(Bilezikian et al., 2014; Khan et al., 2017) 

 

Table 2. Helsinki University Hospital consensus guidelines for PHPT treatment  

 

Symptomatic 
disease 

OR  Patient age <50 

   S-ca-ion >0.12 over upper limit (S-Ca >0.25 over 
limit) 

   Decreased BMD <-2.5 SD at lumbar spine or low-
energy fracture 

   Kidney failure GFR<60 ml/min 
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2.4. WHO CLASSIFICATION OF PARATHYROID TUMORS 
 
2.4.1 PARATHYROID ADENOMA 
Benign parathyroid adenomas are usually solitary lesions (Duan et al., 2015; Westin et al., 
2009). On gross pathology, benign adenomas are mostly oval-shaped, of reddish-brown hue 
and have a soft consistency(Duan et al., 2015; Sharretts & Simonds, 2008). Malignant 
tumors are usually larger, with a mean diameter of around 3 cm and a paler grayish white or 
brown color. They often infiltrate adjacent tissue and invade surrounding structures: 
ipsilateral thyroid gland, recurrent laryngeal nerve, infrahyoid muscles, trachea, and 
esophagus. PC seems to have a predisposition for the inferior parathyroid glands (Apaydın & 
Yavuz, 2020).  

Microscopically, benign adenomas are well-circumscribed lesions composed of parathyroid 
cells in varying proportion: the majority are chief cell adenomas, but oxyphil adenomas as 
well as water-clear cell adenomas and lipoadenomas can also occur. Benign adenomas are 
often characterized by a rim of atrophic tissue juxtaposed with the healthy part of the 
parathyroid (Duan et al., 2015).  

Neuroendocrine neoplasms (NEN:s) are tumors of endocrine origin that also display neural 
markers. They can be nonfunctioning or secrete hormones. Being a hormone-secreting 
tumor type, PC is also classified as a neuroendocrine neoplasm. Examples of other NEN:s are 
gastroenteropancreatic neuroendocrine neoplasms (GEP-NEN:s), bronchial carcinoid 
tumors, pituitary tumors, hormone-secreting adrenocortical tumors and 
pheochromocytomas. Parathyroid tumors stain positive on immunohistochemistry for the 
neuroendocrine markers chromogranin A and synaptophysin, similarly to healthy 
parathyroid tissue. PTH staining in hyperactive parathyroid tissue is often weaker compared 
to healthy tissue (Erickson & Mete, 2018).  

 

2.4.2. PARATHYROID CARCINOMA 
The diagnosis of PC is currently based exclusively on distant metastasis or invasion to 
adjacent tissue (capsular, vascular, lymphatic or neural invasion) on histological 
examination according to the WHO criteria (Erickson & Mete, 2018). There are currently no 
pathognomonic markers or traits to otherwise help distinguish PC from benign causes of 
PHPT.  

In general, PC patients have higher levels of serum calcium and PTH compared to patients 
with adenomas and malignant tumors are generally larger in size (Quinn et al., 2015). 
Symptoms and findings are overlapping, although symptoms are generally more severe in PC 
compared to benign disease. A palpable neck mass, laryngeal nerve palsy and severe renal 
and/or bone involvement gives rise to suspicion of PC (Bollerslev et al., 2019; Erickson & 
Mete, 2018; Pallan et al., 2012). Between 30 and 76% of patients have a palpable neck mass 
(Witteveen et al., 2011). Simultaneous renal/bone involvement is present in 50 percent of PC 
cases but is rare in benign disease (McClenaghan & Qureshi, 2015; Wei & Harari, 2012). 
Patients with PC are also more likely to manifest with hypercalcemic crisis compared to 
patients with benign PHPT. Rare variants of parathyroid carcinoma without hormonal 
activity are also described in the literature (Wilkins & Lewis, 2009). 
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2.4.2.1 TNM classification 
There is no established TNM classification, although different staging systems have been 
proposed (Villar Del Moral et al., 2014).  The TNM staging system proposed by Talat and 
Schulte in 2010 further categorizes patients into a high-risk and low-risk group based on 
anatomical features and is considered more accurate than the TNM system suggested by 
Shaha and Shah (Shaha & Shah, 1999; Talat & Schulte, 2010). Capsular invasion combined 
with invasion of surrounding soft tissue (excluding vital organs of the cervical region), with 
no evidence of lymph node or vascular invasion, is considered low-risk traits. Vascular 
invasion, lymph node metastasis, invasion of vital organs such as pharynx, larynx, trachea, 
recurrent laryngeal nerve, carotid artery and esophagus are considered high-risk traits. 
Significant differences in both overall survival and recurrence-free survival are found using 
this classification (Talat & Schulte, 2010).  

 

2.4.3 ATYPICAL PARATHYROID ADENOMA  
Thick fibrous bands inside the tumors, increased mitotic activity, nuclear atypia, 
intratumoral necrosis and hemorrhage, hemosiderin deposition, solid or trabecular growth 
patterns and intraoperative capsular adherence are histological characteristics that indicate 
malignant potential (Juhlin et al., 2010; Quinn et al., 2015). Atypical adenomas (APA) are 
tumors that in this way resemble PC histologically but lack the invasive features that PC is 
distinguished by. There is currently no consensus on the criteria to consider a parathyroid 
tumor atypical instead of simply benign and there is significant overlap between the 
characteristics of the three tumor groups. The disease progress is considered less severe than 
in PC and to a large extent parallels that of benign adenomas with an indolent disease 
progression; recurrence is considered rare after appropriate surgery, although no definitive 
conclusions can be drawn from the relatively limited available research . From here on, non-
atypical adenomas will be referred to as benign adenomas, although this might be slightly 
misleading as atypical adenomas are not considered inherently malignant. Sometimes, 
tumors initially diagnosed as APA recur with invasive growth or present with distant 
metastasis; the diagnosis is then revised as PC. It is not known if APAs are simply early-stage 
PC that is excised before invasive characteristics are developed (Cetani et al., 2019).  To 
better reflect their unknown potential, APA are sometimes called atypical parathyroid 
tumors instead of atypical adenomas.  

 

Figure 3. Parathyroid histology. Normal parathyroid (A) contains mostly of chief cells, with 
areas of oxyphil cells. Fat tissue is abundantly dispersed throughout. The fat tissue 
component is absent in parathyroid tumors (B) which mostly consist of one single cell type, 
most often chief cells, however, oxyphil adenomas, mixed-type adenomas and clear-cell 
adenomas also occur. The cells can be densely packed but can also be arranged in trabecular 
or follicule-like structures containing colloid-like material, usually with a palisade-like 
pattern around blood vessels. Common features for APA and PC (C) are a thick fibrous 
capsule with fibrous bands extending into the tumor, hemosiderin deposits, nuclear atypia 
with prominent nucleoli, increased mitotic figures, and necrosis. In order to establish PC 
diagnosis, the tumor must be invasive, for example into the capsule (D) or blood vessels (E) 
(Carlson, 2010; Duan et al., 2015; Ryhänen et al., 2012).  
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2.5. CHARACTERISTICS OF PARATHYROID CARCINOMA 

 
2.5.1 FAMILIAL BACKGROUND OF PC  
PC is usually sporadic (80-90% of cases), although a minority of cases are hereditary (Duan 
et al., 2015). Other forms of PHPT can also be associated with genetic syndromes. Hereditary 
PHPT usually presents earlier in life (before the age of 60) and does not have a female 
gender predisposition (el Lakis et al., 2018). Hereditary PHPT also usually affects multiple 
glands (Turchini & Gill, 2020). In PC patients with hereditary predisposing factors of 
parathyroid disease, all parathyroid glands should be explored for coexisting pathology, but 
do not otherwise require special treatment (Schulte & Talat, 2012). Patients with 
parafibromin-negative PC should be tested for familial variants of PC (Duan et al., 2015).  

 

2.5.1.1 Familial PHPT  
Familial PHPT can occur as isolated PHPT or syndromic conditions. Germline inactivation of 
the CDC73 gene is associated with hyperparathyroidism-jaw tumor syndrome (HPT-JT) is a 
hereditary condition that causes early-onset PHPT, ossifying jaw fibromas, kidney and 
uterine tumors, but may also cause familial isolated hyperparathyroidism. HPT-JT is a 
predisposing factor for parafibromin-negative PC. However, not all carriers of CDC73 
germline mutations will develop parathyroid disease and prophylactic total 
parathyroidectomy is not recommended. CDC73 mutations can also give rise to isolated 
PHPT (Cetani, Pardi, et al., 2018; Korpi-Hyövälti et al., 2014).  

Missense mutations in the CASR gene exons are related to hereditary forms of non-
syndromic hyperparathyroidism such as type 1 familial hypocalciuric hypercalcemia (FHH) 
in heterozygotic form and neonatal severe hyperparathyroidism (NSHPT) in homozygotic 
form (Brewer et al., 2019; el Lakis et al., 2018; Pidasheva et al., 2005; Turchini & Gill, 2020).  
In FHH, dysfunctional excretion of calcium in the renal tubules in combination of decreased 
parathyroid calcium sensitivity causes mild hypercalcemia combined with low 
concentrations of urinary calcium. NSHPT is characterized by severe hypercalcemia and high 
PTH, causing the newborn to present with poor feeding, polyuria and dehydration, failure to 
thrive as well as bone manifestations of hyperparathyroidism. Treatment of NSHPT includes 
calcium-lowering agents or complete parathyroidectomy  (D. Riccardi & Brown, 2010; 
Turchini & Gill, 2020). Mutations in the genes guanine nucleotide binding protein alpha 11 
(GNA11) or adaptor-related protein complex 2, sigma 1 (AP2S1) cause FHH types 2 and 3, 
respectively (Turchini & Gill, 2020).  Hypercalcemia in FHH is usually mild and FHH 
patients do not benefit from surgical treatment (D. Riccardi & Brown, 2010). Mutations in 
the coding region of the CASR gene have not been identified in relation to parathyroid 
tumors (Brewer et al., 2019; Cetani et al., 1999; Witteveen et al., 2011). 
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Apart from CDC73 mutations, parathyroid neoplasms are also associated with multiple 
endocrine neoplasia (MEN) syndromes, in particular MEN1 but also MEN2A and MEN4. 
The MEN syndromes are hereditary syndromes associated with several different kinds of 
endocrine tumors. The inheritance pattern is autosomally dominant, although the 
penetrance is highly varying (Turchini & Gill, 2020). Mutations of the MEN-1 gene are 
common in familially occurring parathyroid adenomas, but also sporadic adenomas can 
harbor MEN-1 mutations. MEN1 is associated with parathyroid adenomas and carcinomas as 
well as multifocal parathyroid hyperplasia but also a plethora of other neoplasms including 
pancreatic and pituitary NEN:s, carcinoids of the thymus and bronchial carcinoids (Clarke et 
al., 2019; Turchini & Gill, 2020). It is caused by mutations in the MEN-1 gene. The MEN2A 
syndrome, caused by gain-of-function RET gene mutations, is associated with 
pheochromocytomas as well as thyroid c-cell hyperplasia and medullary carcinoma. 
Mutations of the CDKN1B gene, a gene also associated with breast cancer and hereditary 
forms of prostate cancer, gives rise to MEN4, the tumor spectrum of which is similar to that 
of MEN1 (Duan & Mete, 2015; Juhlin & Erickson, 2021; Minnetti & Grossman, 2016).  

 

 

2.5.2 RISK FACTORS 
There is little to no data on the effects of smoking on the risk of PC, but smoking does not 
seem to be a significant risk factor for benign PHPT (Amstrup et al., 2010). While chronic 
alcohol use diminishes absorption of vitamin D, it is not linked to hyperparathyroidism 
(Rico, 1990). External radiation treatment to the neck region is a risk factor for PHPT, but 
not specifically for PC (Hedman et al., 1984). Most studies indicating this are from the 80s, 
however, and the average delay between radiation treatment and PHPT diagnosis is at least 
30 years (Christmas et al., 1988; Hedman et al., 1984). Other kinds of radiation exposure 
have also been linked to PHPT, such as radioiodine treatment and acute radiation syndrome 
(Boehm et al., 2011; Christmas et al., 1988; Tsunoda et al., 1991). Hyperplasia of the 
parathyroid glands is associated with lithium treatment (Insogna, 2018; Morton et al., 2010).  
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2.5.3 FREQUENT MUTATIONS AND TUMOR MARKERS IN PC 
 
2.5.3.1 CDC73/Parafibromin  
Loss of expression of the CDC73/HRPT2 gene, coding for the protein parafibromin, strongly 
indicates malignancy, as parafibromin loss (of varying degree) occurs in up to 75% of 
sporadic PCs but rarely in adenomas (Cetani et al., 2013; Segiet et al., 2015). Loss of 
expression is often caused by frameshift mutations and the expression intensity can vary 
accordingly to the quality of the protein produced (Cetani et al., 2016; Fernandez-Ranvier et 
al., 2009). Parafibromin expression is diminished more often in APAs than in normal 
adenomas (Juhlin et al., 2019). Especially nucleolar loss of parafibromin is correlated with 
CDC73 mutations (Erickson & Mete, 2018). Parafibromin functions as a tumor suppressor, 
supposedly by downregulation of Cyclin D1 and cMyc expression (Cetani, Pardi, et al., 2018). 
cMyc is a universal amplifier of gene expression and one of the most commonly 
overactivated oncogenes in human cancers (Beroukhim et al., 2010; Nie et al., 2012).  

Negative parafibromin staining on IHC is considered to have a low sensitivity (around 70%) 
but a high specificity (up to 97%) and parafibromin should not be used as a single diagnostic 
marker (Erickson & Mete, 2018; Juhlin et al., 2019). Parafibromin negativity correlates with 
a worse prognosis, with a significantly higher risk of disease recurrence and decreased both 
5- and 10-year survival (Duan et al., 2015).  

 

 

 
Figure 4. Positive and negative parafibromin staining on IHC.  
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2.5.3.2 Ki-67 
Ki-67 is one of the most studied proteins/possible diagnostic markers in PC. The Ki-67 
protein is associated with cell proliferation, is expressed exclusively in active phases of the 
cell cycle and correlates with mitotic rate. Ki-67 is elevated in parathyroid carcinoma 
compared to benign tumors; around 60% of PC tumors express elevated Ki-67 (Fernandez-
Ranvier et al., 2009). A high Ki-67 percentage is usually defined as over 5-6% of nuclei 
(Abbona et al., 1995; Fernandez-Ranvier et al., 2009). Higher Ki-67 has been correlated to a 
worse prognosis and more aggressive disease progression in PC (Iihara et al., 2007). In GEP-
NEN:s, Ki-67 percentage is crucial for tumor grading and prognosis determination, and 
subsequently also for treatment options (Guadagno et al., 2020; Hofland et al., 2020).  

 

2.5.3.3 Cyclin D1 
Cyclin D1 is overexpressed in up to 40% of parathyroid adenomas and 50-90% of 
parathyroid carcinomas, due to transcriptional mechanisms or intratumoral chromosome 
translocations (Brewer et al., 2019; Chung, 2004; Hsi et al., 1996). It is encoded by the 
oncogene CCND1. Cyclin D1 and its downstream reactions through the binding of cyclin-
dependent kinases activates genes involved in the cell cycle, stimulating transition from the 
G1- to S-phase in particular (Tashiro et al., 2007). Overexpression of cyclin D1 contributes to 
malignancy by shortening the G1 phase and upregulation of vascular-endothelial growth 
factor (VEGF) and fibroblast growth factor receptors (FGFR) (Tashiro et al., 2007). The 
retinoblastoma protein (Rb), a tumor suppressor and a downstream substrate of Cyclin D1, is 
dysfunctional in many forms of cancer (Diehl, 2002). Loss of Rb expression has also been 
reported in PC (Farnebo et al., 1999; Fernandez-Ranvier et al., 2009). Parafibromin is an 
inactivator of Cyclin D1 and loss of parafibromin thus enhances Cyclin D1 signalling (Yang et 
al., 2009). In animal models, parathyroid-targeted overexpression of Cyclin D1 can cause 
primary hyperparathyroidism (Imanishi et al., 2001).   

 

 
2.5.3.4 The WNT/β-Catenin pathway 
Parafibromin and Cyclin D1 are both related to the Wnt/β-catenin pathway, a major pathway 
involved in many types of cancer, ranging from gastrointestinal cancers such as colorectal 
cancer to hematological malignancies and breast cancer among others (Pai et al., 2017). The 
Wnt signaling pathway controls transcription of genes related to proliferation, 
differentiation and cell migration. Wnt proteins bind to receptors on the cell surface 
initiating intracellular signaling cascades. The protein APC keeps the Wnt pathway 
inactivated when the cell is not exposed to Wnt proteins by degrading -catenin. Wnt 
activation causes -catenin accumulation and translocation to the nucleus, where -catenin 
executes its functions; Cyclin D1 is one of its targets (H. B. Park et al., 2020). Mutations 
causing degradation-resistant -catenin and loss of APC are significant in tumorigenesis. 
Parafibromin may play a role in the regulation of Wnt signaling also by stabilization of -
catenin.  
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APC inactivation in PC - by mutation, or by epigenetic hypermethylation - has been 
described in the literature (Juhlin et al., 2010; Pandya et al., 2017). Mutations of the -
catenin-encoding CTNNB1 gene have also been found in both PC and benign PHPT (Clarke 
et al., 2019; Westin et al., 2009). Decreased APC staining on IHC is strongly associated with 
PC (Juhlin et al., 2009). APC staining loss is also prevalent in atypical adenomas and has 
been suggested to indicate increased malignant potential (Juhlin et al., 2010) .  

 
2.5.3.5 The Calcium-sensing receptor 
Activation of the G-protein coupled CaSR expression can have several different intracellular 
effects. The effects of CaSR can promote release of intracellular calcium through inositol-
triphosphate, mediate control of intracellular cAMP levels as well as activate different 
protein kinases including PKC, mitogen-activated protein kinases (MAPK) such as ERK½ as 
well as Akt and GSK-3 among others (Brennan et al., 2013; Conigrave, 2016; Mingione et al., 
2017). CaSR is present also in tissues other than the parathyroid. It has been found to have 
both oncogenic and tumor suppressive functioning in different types of cancer; both 
downregulation and increased expression have been linked to malignancie (Brennan et al., 
2013; Tennakoon et al., 2016; Westin et al., 2009)s. Increased CaSR expression is 
hypothesized to play a role in bone metastasis in breast and prostate cancer. CaSR signaling 
intensifies the effects of 5-fluorouracil (5-FU), a chemotherapeutic drug commonly used in 
colon cancer (Brennan et al., 2013). Expression of CaSR is diminished in parathyroid 
tumors, in carcinomas more so than in adenomas (Brennan et al., 2013). It is not known 
whether this is cause or effect of tumorigenesis. CaSR expression has been shown to 
correlate with expression of Ki-67. Downregulation of CaSR is associated with a significantly 
increased risk of recurrent or metastasic disease in parathyroid cancer and is thus associated 
with a worse prognosis (Witteveen et al., 2011). Loss of CaSR expression also diminishes 
potential treatment effect with calcimimetics (Witteveen et al., 2011).  

Various proteins are associated to the function of CaSR and contribute to receptor trafficking 
or signaling scaffold construction. Filamin A (FLNA) is an actin-binding scaffolding protein 
that facilitates protein interactions. FLNA stabilizes CaSR in the membrane and reduces its 
degradation (Mingione et al., 2017). CaSR phosphorylation of ERK½ requires binding of the 
receptor to FLNA; FLNA thus facilitates MAPK signaling (Brennan et al., 2013). Loss of 
FLNA has been shown to prolong cell cycle progression and to delay transition from phase 
G2/M to G1 (Lian et al., 2012).  

  



33 

 

Apart from its scaffolding function, FLNA may also act in the cytoplasm to take part in 
various signaling pathways including vascular-endothelial growth factor (VEGF) and 
integrin signaling, and in the nucleus to interact with nuclear receptors and transcription 
factors (Mingione et al., 2017; Savoy & Ghosh, 2013). FLNA has also been shown to interact 
with Cyclin D1 (Zhong et al., 2010). In breast cancer, FLNA-Cyclin D1 interaction is involved 
in migration and invasion potential. During embryonal development, FLNA prolongs the cell 
cycle through interaction with cyclin-dependent kinases (Lian et al., 2012; Zhong et al., 
2010).   Expression of FLNA is downregulated in parathyroid tumors both on mRNA and 
protein levels, with significantly decreased expression in carcinomas and to a smaller extent 
in a subset of adenomas as shown by Mingione et al. CaSR and FLNA mRNA levels do not 
correlate with severity of the disease (Mingione et al., 2017). 

 

2.5.3.6 PI3K/Akt/mTOR activation 
Aberrations and overactivation of the PI3K/Akt/mTOR (standing for phosphoinositide 3-
kinase, Protein kinase B, and mammalian target of rapamycin, respectively) pathway are 
frequent in many different cancers and have also been encountered in PC (Pandya et al., 
2017). This pathway has many downstream functions but plays an important part in cell 
proliferation, growth and survival. Growth factors activate PI3K enzymes through receptor 
tyrosine kinases (LoRusso, 2016). PI3K phosphorylates and activates the MAP kinase 
enzyme Akt and subsequently mTORc1 promoting cell growth, protein synthesis and inhibits 
apoptosis. Inhibitory mutations of PTEN, an inhibitor of the PI3K/AKT/mTOR pathway are 
also found in many cancers, including PC (Pandya et al., 2017). Gain-of-function mutations 
related to the PI3K-Akt-mTOR pathway are only occasionally found in parathyroid 
adenomas (A. Riccardi et al., 2020).  

 

2.5.3.7 Galectin-3 
Galectin-3 is a protein with a variety of functions; it contributes to cell proliferation and 
differentiation, angiogenesis as well as cancer progression and metastasis (Nakahara et al., 
2005). It also has apoptosis-suppressing properties.  Overexpression of Galectin-3 has been 
described in parathyroid cancer and atypical adenomas, only rarely occurring in benign 
adenomas (Fernandez-Ranvier et al., 2009).  Weak staining of Galectin-3 is found in 
parathyroid hyperplasia (Fernandez-Ranvier et al., 2009). Together with high levels of Ki-67 
it has been used in marker panels as a diagnostic aid with a rather high sensitivity and 
specificity of 96.2% and 90%, respectively (Bergero et al., 2005).  
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2.5.3.8 PGP9.5 
UCHL1 is a gene that codes for protein gene product 9.5 (PGP9.5). In rats, it is expressed in 
neuronal and neuroendocrine tissue, including parathyroid tissue during embryonic 
development (Howell et al., 2009). PGP9.5 is a ubiquitin C-terminal hydrolase, a 
deubiquitizing enzyme, Increased expression of PGP9.5 has been found in many types of 
cancer, including colorectal and pancreatic cancer, breast cancer and medullary thyroid 
carcinoma and is correlated with more advanced disease staging (Fang & Shen, 2017; Howell 
et al., 2009). PGP9.5 has been suggested to affect Akt-mediated signaling, promoting cell 
proliferation, migration and invasion and shares a positive feedback mechanism with -
catenin, subsequently upregulating cyclin D1, cMyc and other downstream oncogenes (Fang 
& Shen, 2017). Overexpression of PGP9.5 in breast and lung cancer makes tumors more 
prone to distant metastasis, supposedly through deubiquitination upregulation of Hypoxia-
inducible factor 1α (HIF-1α). In these cancers, upregulated PGP9.5 expression also correlates 
with a worse prognosis. In PC, positive staining of PGP9.5 on IHC correlates with negative 
parafibromin staining and has slightly better sensitivity in attempting to distinguish 
malignant parathyroid tumors from benign, while maintaining the same level of specificity 
(Howell et al., 2009). Overexpression of PGP9.5 has been found in 33-64% of PC cases (A. 
M. Silva-Figueroa et al., 2019).  

 

2.5.3.9 PD-1/PDL-1 
The interaction of programmed cell death protein 1 (PD-1) with PD-1 ligand 1 (PDL-1) 
participates in the inhibition of immune response precipitated in cancers. Du et al. reported 
positive staining for PDL-1 on immunohistochemistry in 22% of PC tumors, warranting 
further research (Du et al., 2016).  

Blockade of PD-1/PD-L1 signaling with monoclonal antibodies has been successfully utilized 
in treatment of many cancer forms including melanoma, non-small cell lung cancer and 
hematological malignancies, among others (Xu-Monette et al., 2017). Immunogenic 
expression profiles indicating possible susceptibility for these kinds of treatments have been 
observed in PC (A. Silva-Figueroa et al., 2018). A microenvironment of significant PD-1 
positivity combined with tumor infiltration of T-lymphocytes are required for optimal 
response to single-antibody therapy (Weber & Fottner, 2018). Significant inflammatory 
infiltrates are rare in benign parathyroid tumors, but T-lymphocyte infiltrates correlate with 
higher levels of serum calcium and PTH (Haglund et al., 2017). Response to treatment with 
the anti-PD-1 antibody pembrolizumab has been reported in metastatic PC (D. Park et al., 
2020).   
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2.5.3.10 The p53 pathway 
While aberrant p53 phenotype is common in many other cancers, the p53 tumor suppressor 
appears to have a rather minor role in parathyroid tumorigenesis. However, it has been 
suggested to associate with anaplastic transformation (Cardoso et al., 2017; Kang et al., 
2019). Aberrant expression of other proteins involved in the p53 pathway such as Bcl-2a, 
Mdm2 and p27 have been reported in PC (Bergero et al., 2005; Fernandez-Ranvier et al., 
2009; Stojadinovic et al., 2003).  

 

2.5.3.11 Miscellaneous 
As PHPT in general is more common in postmenopausal women, estrogen receptors have 
been suggested to play a role in the pathogenesis. Estrogen receptor β (ERβ) is frequently 
expressed in parathyroid adenomas, while expression of estrogen receptor α (ERα) is rare 
(Haglund et al., 2012). Expression of the undertype ERβ2 has been related to atypical 
adenomas and larger tumors. There is currently no data on the expression of ER:s in PC.  

Mutations of the PRUNE2 gene have been found in around 18% of PC cases (Yu et al., 2015). 
PRUNE2 is a tumor suppressor gene, researched as a tumor marker in for example prostate 
cancer (Salameh et al., 2015). Repression of the E-cadherin (E-Cad) promoter occurs in 
epithelial-mesenchymal transition (EMT) and loss of E-Cad IHC staining has been found to 
be prevalent in PC. Aberrations of other EMT markers such as Snail and Twist have also 
been found in PC suggesting a role also for EMT in the PC tumorigenesis (Fendrich et al., 
2009).  

Elevated levels of urinary human chorionic gonadotropin (U-hCG), especially the malignant 
glycosylated isoform, has been found in PC, but not in adenomas. Additionally, U-hCG levels 
correlate with S-Ca-ion and PTH levels and are associated with a worse prognosis. U-hCG 
has been suggested as an adjuvant tumor marker in PC (Rubin et al., 2008).  
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2.5.3.11 Marker panels 
Different marker panels have been used to improve the diagnostic sensitivity and specificity 
of immunohistochemical markers. Combining parafibromin and PGP9.5 IHC does not 
improve sensitivity but strengthens specificity. According to Howell et al., atypical tumors 
with both positive parafibromin and PGP9.5 should be classified as high-risk for potential 
malignancy in the absence of absolute invasive criteria (Howell et al., 2009). Truran et al 
analyzed parafibromin and PGP9.5 together with Galectin-3, Ki-67 and cyclin D1. This 
combined panel had a sensitivity of 79% and a specificity of 100%. Cyclin D1 did not affect 
results and did thus not add value to the marker panel (Truran et al., 2014). A diagnostic 
nomogram developed by Silva-Figueroa et al. utilizing a scoring system of parafibromin, Rb, 
E-cadherin, Ki-67 and galectin-3, has been suggested as a diagnostic aid to predict 
malignancy. This nomogram can predict PC with a probability of >90% (A. M. Silva-Figueroa 
et al., 2019). 

 

 

Figure 6. Many pathways involved in parathyroid tumorigenesis are connected. 
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Table 2. Tumor markers in PC  

marker Expression in 
PC compared 
to adenoma 

Sensitivity 
(%) 

Specificity 
(%) 

Positive 
predictive 
value 
(PPV) (%) 

Negative 
predictive 
value 
(NPV) 
(%) 

References 

parafibromin Downregulation 30-70 61-100 0.7-100 98-99 (Juhlin et al., 2010, 
2019; Kumari et al., 
2016; A. M. Silva-
Figueroa et al., 2019) 

Ki-67 Upregulation 6-95 97 2-24 47-99 (Bergero et al., 2005; 
Fernandez-Ranvier 
et al., 2009; A. M. 
Silva-Figueroa et al., 
2019; Stojadinovic et 
al., 2003) 

APC Downregulation 9-100 10-100 0.1-100 91-100 (Kumari et al., 2016) 

CaSR Downregulation 30 99 0.22 0.993 (Haven et al., 2004) 

Galectin-3 Upregulation 35-93 73-100 1-3 99.1-99.9 (Bergero et al., 2005; 
Kumari et al., 2016; 
A. M. Silva-Figueroa 
et al., 2019) 

PGP9.5 Upregulation 26-63 85-100 1.7-100 99.1-99.6 (Kumari et al., 2016; 
A. M. Silva-Figueroa 
et al., 2019) 

U-hCG Upregulation 62 100 100 99.6 (Rubin et al., 2008) 

Rb Downregulation 31 97 9.4 99.3 (Fernandez-Ranvier 
et al., 2009; A. M. 
Silva-Figueroa et al., 
2019) 

E-Cad Downregulation 39 45 0.7 98.6 (A. M. Silva-Figueroa 
et al., 2019) 

Bcl-2a Downregulation 45 96 10 99.4 (Bergero et al., 2005; 
Stojadinovic et al., 
2003) 

mdm2 Downregulation 18-81 80 0.9-3.9 98.9-99.7 (Duan & Mete, 2015; 
Fernandez-Ranvier 
et al., 2009; 
Stojadinovic et al., 
2003) 

p27 Downregulation 61-86 51-75 1.2-3.3 99.2-99.8 (Bergero et al., 2005; 
Fernandez-Ranvier 
et al., 2009; 
Stojadinovic et al., 
2003) 

Cyclin D1 Upregulation 70 85 4.7 99.65 (Sungu et al., 2018) 
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2.6 MANAGEMENT OF PARATHYROID CARCINOMA 

 
2.6.1 IMAGING 
Ultrasound and scintigraphy with 99mTc-sestamibi (MIBI-scan) are traditionally used for 
localization of the pathological parathyroid gland(s) prior to surgery. Currently, scintigraphy 
is more commonly replaced with SPECT-CT for three-dimensional imaging, better 
preoperative localization and assessment of surrounding structures.  

 

2.6.1.1 Ultrasound 
Ultrasound is a safe, noninvasive and inexpensive imaging modality and is used detect 
hypercellular parathyroid adenomas and carcinomas; ultrasound imaging of normal 
parathyroid glands is generally not reliable. Parathyroid adenomas are usually ovoid shaped, 
homogenous and hypoechoic. Ultrasound examination accuracy is in general dependent on 
the skill of the operator and simultaneous thyroid nodules, parathyroid hyperplasia or 
multiple gland involvement decreases the sensitivity of imaging with ultrasound. Ultrasound 
is not reliable in detection of ectopic parathyroids not situated close to the thyroid gland 
(Wojtczak et al., 2020). The greatest disadvantage with ultrasound examination is, however, 
that it is not possible to distinguish between parathyroid and thyroid tissue. Parathyroid 
tumors can thus easily be misinterpreted as thyroid nodules, and vice versa (Kuzminski et 
al., 2018).  

 

 

Figure 7. Ultrasound of local parathyroid carcinoma recurrence, next to the a. carotis 
communis (arrowheads).  
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On ultrasound examination, PC tumors usually appear larger, more non-homogenous and 
less echogenic than benign tumors. Other characteristics indicating PC are large tumors (>3 
cm, as previously stated) with irregular borders and thick capsule, calcifications and 
abnormal vascularity, although these features can also be present in benign tumors 
(Bollerslev et al., 2019). Cystic changes can occur in both malignant and benign tumors (Liu 
et al., 2019). A tumor depth/width ratio >1 suggests malignancy (Hara et al., 2001). 
Furthermore, abnormal vascularity with blood vessels radially extending from the periphery 
of the tumor is a characteristic more commonly occurring in PC than in benign tumors 
(Sidhu et al., 2011).  

 

2.6.1.2 99mTc-sestamibi scintigraphy 
MIBI-scan is useful for identifying ectopic parathyroid tissue but cannot distinguish 
malignant lesions from benign. The imaging is based on the uptake of sestamibi in 
mitochondria-rich parathyroid tumors and a more rapid wash-out of 99mTc-sestamibi in 
thyroid tissue compared to abnormal parathyroid (Palestro et al., 2005). 99mTc-sestamibi 
uptake has been shown to correlate with the active growth phases of the cell cycle in 
parathyroid hyperplasia (Torregrosa et al., 2000). Dual-tracing with iodine scintigraphy 
improves imaging accuracy and reduces false-positive results, as uptake of 99mTc-sestamibi is 
not tissue specific (Ryhänen, Schildt, et al., 2015). 123I-iodide is administered 3 hours before 
123I-imaging and 99mTc-sestamibi is injected intravenously after the iodide imaging; the 
patient is thereafter scanned. The imaging is repeated 2 hours later, and 123I-images are 
subtracted from the MIBI-scan. Oxyphil parathyroid tumors are more easily detected on 
scintigraphy than chief cell tumors due to their larger mitochondria content (Carlson, 2010). 
Small tumors with mild clinical picture can yield false-negative results, and MIBI-scan is 
inaccurate in multiglandular disease (Ryhänen, Schildt, et al., 2015).  

 

2.6.1.3 Computed tomography and magnetic resonance imaging 
Single-photon emission computed tomography (SPECT) combined with computed 
tomography (CT) using the same isotopes as in MIBI-scan combined with CT for a three-
dimensional image is the modern golden standard for parathyroid imaging, in practice 
having largely replaced the traditional planar scintigraphy (Woods et al., 2017). High-
resolution imaging modalities such as CT and magnetic resonance imaging (MRI) are 
commonly used when planning resection of the tumor and its surrounding structures. Both 
CT and MRI can detect the lesion and possibly also macroscopic invasion into surrounding 
tissues (Bollerslev et al., 2019).  
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2.6.1.4 Positron-emission tomography  
Hybrid positron-emission tomography (PET) and CT/MRI can be used for example to detect 
metastases or parathyroid tissue in ectopic locations.  

Modern PET radiotracers include 11C-methionine and 18F-fluorocholine (FCH). Choline is an 
important component in phospholipids and similarly to 18-FDG, FCH is a metabolic tracer 
but reflecting cell membrane turnover rather than carbohydrate metabolism and is 
frequently used for example in prostate cancer staging assessment (Mapelli et al., 2012; 
Michaud et al., 2014). FCH uptake in parathyroid lesions is sensitive and has been shown 
regarding both parathyroid adenomas and hyperplasia, however, it does not distinguish 
between metabolically hyperactive thyroid or parathyroid tissue (Michaud et al., 2014). The 
mechanism behind 11C-methionine-PET is assumed to be related to the synthesis of PTH 
precursors and upregulation of amino-acid influx in hyperactive parathyroid tissue (Bioletto 
et al., 2021) FCH-PET/CT is considered slightly superior to 11C-methionine with slightly 
higher sensitivity and also having a longer half-life. Studies comparing the two tracers in the 
same patient groups have not been carried out (Bioletto et al., 2021; Mathey et al., 2021).  
Also, these PET tracers have mostly been investigated on adenoma and hyperplasia patients.   

Previously commonly used 2-[fluorine-18]-fluoro-2-deoxy-D-glucose (18-FDG) is an 
unspecific tracer that can be used to detect areas with high metabolic activity (Bollerslev et 
al., 2019). Thus, lesions related to rapid calcium turnover in hyperparathyroidism can be 
falsely mistaken for metastases on 18-FDG-PET due to their hypermetabolic state (Bollerslev 
et al., 2019; Machado & Wilhelm, 2019). Brown tumors are benign osteolytic lesions caused 
by continuous PTH effect and excessive osteoclast activity, causing vascularized fibrous 
connective tissue to replace bone tissue. The lesions appear brown due to hemorrhage and 
hemosiderin deposits, granulation tissue and fibrous connective tissue content 
(Triantafillidou et al., 2006). Bone disease in PHPT is commonly called osteitis fibrosa 
cystica, characterized by subperiosteal bone resorption and osteolysis, bone cysts, brown 
tumors and a characteristic “salt and pepper” appearance of the skull on radiographic 
imaging as well as significantly decreased BMD (Minisola et al., 2018).  

 
2.6.1.5 Preoperative samples 
Preoperative fine needle aspiration should be avoided as tumor capsule rupture can facilitate 
spreading along the needle tract regardless of malignancy degree (Pallan et al., 2012). 
Seeding of small islets of non-malignant hyperfunctioning parathyroid tissue into the 
surrounding tissue is called parathyromatosis and spillage during parathyroid surgery is the 
most common cause described in the literature, although the etiology is often unknown 
(Haciyanli et al., 2019). Other suggested origins are hyperplasia of parathyroid tissue 
remains from embryological development (Hage et al., 2012). The knowledge on 
parathyromatosis is largely based on case reports. Parathyromatosis is not considered to 
have malignant potential (Fernandez-Ranvier et al., 2009).  
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The ability of parathyroid tissue to seed in other regions of the body is utilized in autograft of 
parathyroid tissue after thyroid surgery or in secondary and tertiary parathyroidism. In 
autotransplantation, the transplanted parathyroid (or parts of a parathyroid gland) is 
minced into small pieces and placed into muscle tissue, most often sternocleidomastoideus, 
pectoralis or forearm muscle, marked with a metal clip (Jason & Balentine, 2019; Moffett & 
Suliburk, 2011). The region of autotransplantation is a common location for 
parathyromatosis, along with the thyroid lodge in post-thyroid surgery parathyromatosis 
(Haciyanli et al., 2019).  

 

2.6.2 SURGERY 

Surgery, as already stated, is the primary and only curative treatment. En bloc resection - 
total removal of the tumor with sufficient margins as well as removal of the ipsilateral 
thyroid lobe - is considered to give the PC patients a better clinical outcome; disease-free 
margins on microscopical examination improves long-term survival (Bollerslev et al., 2019; 
Pallan et al., 2012; Schulte & Talat, 2012). En bloc surgery is currently performed on clinical 
suspicion of PC. Complications include injury of the recurrent laryngeal nerve, 
hypoparathyroidism, damage to the trachea and esophagus along with cervical hematoma, 
pneumothorax and stroke (Callender & Udelsman, 2014; Mansberger & Wei, 1993; Schulte et 
al., 2014). Bilateral neck exploration is the common method for parathyroid surgery: all four 
parathyroid glands are identified, and the abnormal glands are removed (Ryhänen, Schildt, 
et al., 2015). The main reasons for failed surgery are ectopic parathyroid tissue and 
undetected multiglandular disease.  

Preoperative suspicion of possible PC and subsequent en bloc resection considerably affects 
treatment outcomes as recurrence rates are significantly higher in patients diagnosed only 
after their initial surgery (Machado & Wilhelm, 2019). Additional surgery should be 
considered if histopathological confirmation of PC is done after minimally invasive 
parathyroid surgery due to initially diagnosed as adenoma (Bollerslev et al., 2019). Surgery is 
the primary treatment also for recurrent disease (Kebebew et al., 2001). A margin as wide as 
possible is recommended for the excision of local recurrence and of lymph node metastasis 
in the neck and mediastinum. Surgical excision of metastases can be performed to aid the 
treatment of hypercalcemia but has no clear impact on long-term survival (Cetani, Pardi, et 
al., 2018).  

Surgery for PHPT usually induce mild transient hypocalcemia lasting for 2-4 days. Hungry 
bone-syndrome (HBS) is a complication of successful parathyroidectomy associated with 
rapid bone turnover and is characterized by profound hypocalcemia lasting for more than 4 
days or total serum calcium levels <2.1 mmol/l, but also hypophosphatemia and 
hypomagnesemia (Florakis et al., 2019). It is caused by an increased influx of calcium from 
serum to the bone. HBS is related to higher preoperative serum calcium and PTH levels as 
well as bone manifestations. A majority of patients with osteitis fibrosa cystica develop HBS 
postoperatively. Only a small fraction of patients without bone involvement (0-6%) develop 
HBS. HBS has also been related to lower preoperative serum concentrations of various forms 
of vitamin D. It is treated with calcium, magnesium and vitamin D intravenously or per os 
(Witteveen et al., 2013).  
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2.6.3 NON-SURGICAL TREATMENT OPTIONS 
There are currently no evidence-based non-surgical treatments for PC. As the disease is so 
rare, it is difficult to study and no randomized clinical trials are available (Bollerslev et al., 
2019).  

2.6.3.1 Treatment of hypercalcemia 
Osteoporosis medications such as bisphosphonates and denosumab as well as calcimimetics 
such as cinacalcet can be used to control serum calcium levels to some extent in the longer 
term. They are commonly used in other cancers presenting with bone metastases 
(Battafarano et al., 2018).  

Oral bisphosphonates are considered inferior to intravenous bisphosphonates such as 
zoledronic acid (Insogna, 2018). Bisphosphonates accumulate in bone tissue, particularly to 
sites undergoing active resorption, and are taken up by osteoclasts as they degrade the bone 
to release calcium (Coxon et al., 2008; Thosani & Hu, 2015). After uptake, they inhibit 
osteoclast activity. However, in the treatment of hypercalcemia, the effects of 
bisphosphonates usually wane over time (Leere et al., 2017). Denosumab is a human 
monoclonal antibody against the receptor activator of nuclear factor κB ligand (RANKL) 
found on osteoclast precursor cells. Denosumab thus inhibits development, function and 
survival of osteoclasts and is commonly used as a treatment for osteoporosis (Karuppiah et 
al., 2014; Thosani & Hu, 2015). Denosumab is recommended over bisphosphonates in 
patients with renal failure or refractory disease (Bollerslev et al., 2019).  

Bisphosphonates in intravenous forms are nephrotoxic, potentially causing acute tubular 
necrosis and collapsing focal segmental glomerulosclerosis (Perazella & Markowitz, 2008). 
Oral bisphosphonates are also problematic in patients with renal failure as they are secreted 
through the kidneys, thus requiring dose adjustments. Denosumab is administered 
subcutaneously, and efficacy is not affected by impaired renal function (Karuppiah et al., 
2014; Nitta et al., 2017).  

2.6.3.2 Calcimimetics 
Calcimimetics such as cinacalcet are allosteric modulators of the calcium-sensing receptor, 
mimicking the calcium-induced receptor stimulus and thus inhibits the secretion of PTH. 
Cinacalcet also seems to increase the expression of CaSR, as has been shown in rodents 
(Brennan et al., 2013; Miller et al., 2012).  

Cinacalcet is effective in lowering serum calcium levels in patients with benign PHPT and is 
routinely used in patients unfit for surgery or not willing to undergo parathyroidectomy 
(Manaka et al., 2019). It can also be beneficial in the treatment of lithium-induced 
hyperparathyroidism (Dixon et al., 2018).  Cinacalcet is considered better than 
bisphosphonates or denosumab in the long-term treatment of hypercalcemia in PC. The 
starting dosage is 30 mg per os twice daily and is then titrated biweekly according to calcium 
levels. Nausea is a common side effect and might limit the use of higher dosages (Bollerslev 
et al., 2019). Bisphosphonates or denosumab can also be used in combination with 
cinacalcet. 
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2.6.3.3 Radiotherapy 
Adjuvant external beam radiotherapy (EBMRT) may increase disease-free survival, and 
possibly lower the probability of local recurrence, but only anecdotal evidence is available 
(Busaidy et al., 2004). In the literature, radiotherapy with doses of 40-70 Gy has been tried 
on patients mostly with high-risk locally invasive disease (Tan et al., 2012). The cohorts have 
been small with low statistical power (Munson et al., 2003). Currently, treatment with 
radiotherapy is individually assessed and utilized mostly in patients with more advanced 
disease. A case-report on a patient with pulmonary metastases indicates palliative benefit 
from radiation treatment (Rasmuson et al., 2000).  

 

2.6.3.4 Chemotherapy 
So far, no successful chemotherapy regimens have been found. Case reports describing 
treatment with alkylating agents have been published. The alkylating agent dacarbazine 
(DTIC) has been used as a single therapeutic agent or in combination with fluorouracil and 
cyclophosphamide resulting in biochemical response with decreased serum calcium levels 
and metastasis regression (Bukowski et al., 1984; Calandra et al., 1984).  

 

2.6.3.5 Other suggested treatments 
Experimental treatment with PTH immunotherapy has been performed with excellent 
treatment results in three cases, with administration of human and bovine PTH fragments to 
stimulate production of anti-PTH autoantibodies (Bradwell & Harvey, 1999; Horie et al., 
2010). A decrease in serum calcium and PTH levels was observed in all studies. Shrinkage of 
metastases has also been observed after immunotherapy, though no cohort studies have so 
far been made (Betea et al., 2004).  

Sorafenib is a multi-kinase inhibitor (MKI) used in for example inoperable hepatocellular 
carcinoma, renal cell carcinoma, and metastatic thyroid cancer. Sorafenib acts on the 
receptor tyrosine kinases VEGF-R-2 and VEGF-R-3, FLT-3, PDGF-Rβ, c-KIT, RET, and RAF 
to inhibit their subsequent molecular pathways (Ancker et al., 2020). Rozhinskaya et al. 
published a case report of a woman with multiple PC lung metastases who received sorafenib 
treatment. Subsequently, the lung metastases regressed in size and disease progression was 
halted during the follow-up time of 22 months. Serum calcium levels were decreased, and 
urinary calcium output increased, while serum PTH levels remained unaffected 
(Rozhinskaya et al., 2017).  

A few case reports describe successful treatment of lung metastases with radiofrequency 
ablation (DasGupta et al., 2014; Iguchi et al., 2008). Reports of palliative treatment with 
ethanol injection of unresectable metastases are also found in the literature, with decreases 
in serum calcium and PTH but without survival benefit (de Menezes Montenegro et al., 
2008).  
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2.7 PROGNOSIS  
 
There are no clear correlations between symptoms, clinical findings, laboratory results and 
histological features (Chang et al., 2006; Talat & Schulte, 2010). Vascular invasion on 
histology is correlated to a worse prognosis (Ryhänen et al., 2012; Talat & Schulte, 2010). A 
life-long follow-up is recommended after surgery. Recurrence can occur long after the initial 
excision, though most often occurs 2-3 years after initial surgery; both local and distant 
recurrence are equally common (Apaydın & Yavuz, 2020; Talat & Schulte, 2010). The most 
common sites for metastasis are lung, mediastinum and bone.  

Median overall survival is 14.3 years (Harari et al., 2011; Talat & Schulte, 2010). While tumor 
size does not appear to play a major role in the prognosis, some studies indicate that tumors 
with a diameter >3.2 cm have a greater risk of recurrence or metastasis (Asare et al., 2019; 
McClenaghan & Qureshi, 2015; Talat & Schulte, 2010). Death from parathyroid carcinoma 
occurs mainly due to uncontrollable hypercalcemia rather than consequences of metastatic 
spreading (Apaydın & Yavuz, 2020; Bollerslev et al., 2019). Long-term prognosis is 
significantly dependent on the performance of the surgeon and primary oncologic resection 
with disease-free margins provides a better outcome for the patient (Schulte et al., 2014; 
Talat & Schulte, 2010). With complete excision, the 5-year survival is up to 90%. However, 
40-60% of patients have recurrent disease (Harari et al., 2011; Ryhänen et al., 2012; Talat & 
Schulte, 2010).  
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3 AIMS OF THE THESIS 

 
The major aim of this thesis is to investigate potential prognostic and diagnostic markers of 
PC in order to increase understanding of how parathyroid neoplasms differ from each other. 
Effective conservative treatment options are also much sought for in parathyroid carcinoma, 
and we aim to expand the available treatment regimens by considering personalized treatment 
options.   

 

 

The specific aims of the individual studies are as follows:  

 

I. To characterize the somatostatin receptor expression profiles of different parathyroid 
tumor subgroups. We explore the suitability of somatostatin receptors to serve as 
tumor markers to aid in the distinction of benign adenoma, APA and PC.  

II. To investigate the presence of the Filamin A protein in parathyroid tumors and its 
relationship to calcium-sensing receptor expression and potential role as a prognostic 
and/or diagnostic tumor marker in PC 

III. We present a case report of a patient with metastasized parathyroid carcinoma who 
achieved complete remission after treatment with surgery, temozolomide, 
radiotherapy, cinacalcet and zoledronic acid, and investigate MGMT methylation 
status of the tumor.  

IV. To investigate the occurrence of MGMT gene inactivation by methylation in a cohort 
of PC patients as a continuation from study III, as the presence of MGMT 
methylation may indicate better treatment response.   
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4 MATERIALS AND METHODS 
 

4.1 PATIENT COHORTS 
 
4.1.2 STUDIES I AND II 
Studies I and II consist of a nationwide cohort of PC and APA tumor originally gathered by 
Ryhänen et al from all Finnish university hospitals as well as eight Finnish central hospitals 
(Ryhänen et al., 2012). APA and PA tumors are all gathered from the Helsinki University 
central hospital (HUCH) district. The PA patients in study I are age- and gender adjusted to 
the PC cohort, while the PA group in study II is a consecutive group all diagnosed and 
treated during the year 2010. For study II, 15 additional APA patients are also added to the 
cohort. All the information gathered by Ryhänen et al. was available for us to use and was 
utilized in combination with our newly gathered data.  

 

4.1.3 STUDIES III AND IV 
The patient from study III was diagnosed at the Helsinki University Central hospital, where 
her surgeries and treatments also were carried out. Study IV was performed on a group of 11 
PC patients and one patient with APA, all operated on and treated at the Department of 
Endocrinology at HUCH. The patient from study III is included in this patient cohort. Patient 
data and laboratory results were obtained from the HUCH electronic patient record database.  

 

Table 2. Summary of the thesis patient cohorts.  

Study Total no. of patients PC:APA:PA Year of diagnosis 

I 132 32:27:72 2000-2011 

II 151 32:42:77 2000-2013 

III 1 
 

first presented with symptoms in 2001 

IV 12 11:1:0 1993-2018 
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4.1.2 LABORATORY MEASUREMENTS 
Biochemical measurements were performed at the HUCH central laboratory, HUSLAB, using 
in-house methods. Regarding study I and II, measurements belonging to the PC patients 
gathered from other hospital districts were performed according to their respective in-house 
protocols and standard accredited assays.  

 

4.2 TISSUE MICROARRAY 
For study I, a tissue microarray (TMA) originally contrived by Ryhänen et al was used for the 
analysis of immunohistochemical stainings. Formalin-fixed and paraffin embedded (FFPE) 
tissue samples gathered from the patients’ initial surgeries were retrieved and have 
previously been re-examined by a professional pathologist to definitely determine the correct 
diagnosis. Histological features have been evaluated separately: dominant cell type, growth 
pattern, fibrous bands, cystic changes and hemosiderin deposits, necrosis, mitotic count and 
atypical mitoses, nuclear atypia and invasion type (vascular, capsular and neural separately) 
(Ryhänen et al., 2012). The histologically most representative tumor blocks were chosen for 
the TMA and 1.0 mm cores sampled with a semiautomatic tissue microarrayer (Beecher 
Instruments, Silver Spring, MD, USA; MTABoosterVR Version 1.01 for Beecher Manual 
Arrayer, Alphelys, Plaisir, France); six cores from PC and APA and three from PA tumors. 
The punches were made as to represent both central and peripheral tumor areas. For study 
II, we could not re-use the same TMA as in study I as there was too little material left. So, we 
made a new TMA from the same PC tumors using next-generation technique: Annotations 
were made digitally on scanned whole-tissue slides, and tissue blocks were prepared with 
either automatic TMA Grand Master (3DHISTECH, Budapest, Hungary) or Galileo TMA 
CK4500 microarrayers (Isenet, Milan, Italy) using 1 mm punches. Six cores were chosen for 
PC and APA, using the most representative FFPE block for each case. Three cores were taken 
from the tumour periphery, and three from central tumour areas. For PAs, three cores were 
taken which also represented both peripheral and central parts of the tumour.  

Figure 8. Parathyroid tumor TMA, H&E staining. 
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4.2.1 IMMUNOHISTOCHEMISTRY 
For study I, we used immunohistochemistry to investigate the expression of somatostatin 
receptors in parathyroid tumor tissue. We assessed the presence and expression pattern of 
CaSR and FLNA in study II. Immunohistochemistry has also been used previously by 
Ryhänen et al. in the same PC cohorts to determine PTH and parafibromin expression as 
well as Ki-67 percentage. These stainings and their respective assessments were already 
available for us to use (Ryhänen et al., 2012). Parafibromin staining was additionally 
performed separately for study II, as most PA tumors in the cohort had not been previously 
assessed for parafibromin staining.  

Tissue sections were cut for immunostainings using a 3.5 μm microtome. Deparaffinization 
and rehydration was done using xylene and graded alcohol series. Heat-induced antigen 
retrieval was subsequently performed. Automated (Benchmark Ultra, Ventana) or semi-
automated (AutoStainer, Lab Vision Corp., Fremont, CA, USA) staining instruments were 
used, together with polymer-based OptiView and UltraView Universal DAB detection kit 
(Ventana Medical System, Inc., Tucson, AZ, USA), EnVision Detection Systems (Dako, 
Agilent Pathology Solutions, Santa Clara, California, USA), or Epredia™ UltraVision™ 
Quanto Detection System HRP (Epredia™ TL-060-QHL) for antibody binding visualization. 
Counterstaining was performed with Mayer’s hematoxylin (Dako) on all slides. Langerhans’ 
islets and intestinal mucosa were used as positive controls for the SST stainings in study I. 
Kidney and pancreatic tissue were used as positive controls for staining of both CaSR and 
FLNA in study II. Antibodies used for study I and II are found in table 3. Protocols for Ki-67, 
PTH and parafibromin have been previously described by Ryhänen et al (Ryhänen et al., 
2012). Endothelium functioned as an internal positive control for parafibromin staining.  

 

Table 3. Antibodies and staining protocols used in studies I and II.  

Antigen Clone Order 
number 

Manufacturer Dilution Dilution time 
(minutes) 

Control tissue 

SST1 UMB-7 Ab137083 Abcam 1:500 45 Pancreas, intestinal 
mucosa 

SST2 UMB-1 Ab134152 Abcam 1:300 32 Pancreas, intestinal 
mucosa 

SST3 UMB-5 Ab137026 Abcam 1:7000 60 Pancreas, intestinal 
mucosa 

SST4 Sstr4 MCA5922 AbD Serotec 1:500 30 Pancreas, intestinal 
mucosa 

SST5 UMB-4 Ab109495 Abcam 1:1000 30 Pancreas, intestinal 
mucosa 

CaSR 5C10, ADD MA1934 Invitrogen 1:3000 30 Pancreas, kidney 

FLNA 4E10-1B2 16185051 Abnova 1:800 30 Pancreas, kidney 

Parafibromin BSB-50 BSB2752 BioSB 1:300 30 Internal (endothelium) 
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4.2.2 SCORING SYSTEMS 
Immunohistochemical scorings for study I were done using an analogue light microscope. 
For part of the stainings in study I and all stainings in study II, we used a panoramic scanner 
(3DHISTECH) to digitalize the slides and used the CaseViewer software(3DHISTECH) for 
the assessment of immunohistochemical stainings, using 10x and 20x magnification for 
scoring. For both study I and II, the scoring was done independently by two researchers, 
both blinded to the nature of the tumors. In the case of disagreement, a consensus score was 
reached after discussion. 

For study I, we initially assessed staining as positive with a 1% threshold. The intensity of the 
staining was rated from 0-3, with 0 being completely negative, 1 weak positive, 2 clearly 
positive and 3 as intensely stained as positive control tissue. From the 3-6 punches taken 
from each tumor, the spot with the strongest staining intensity was chosen for analysis. 
Percentage of the stained cells per TMA spot was also determined. In the end, we opted to 
use only 1 and 0 for the statistical analyses, disregarding the scoring system altogether. 
Cytoplasmic, nuclear and membranous staining were all assessed separately.  

In study II, we scored CaSR staining as only positive or negative (as almost all tumors 
showed strong positive staining). FLNA was assessed separately for cytoplasmic and 
membranous stainings, an adaptation of two scoring systems found in the literature (Coelho 
et al., 2019; Guo et al., 2018). Also, both intensity and percentage of the staining was 
assessed. Cytoplasmic FLNA staining was considered negative if under 5% of cells per spot 
showed positive staining. One point was given for 5-25% of cells staining positive, 2 points 
for 25-50% and was given the highest rating, 3, if >50% of cells in one spot were positive. 
Intensity was also rated 0-3: 0 being completely negative, 1 weakly positive, 2 intermediately 
positive and 3 as strong staining as control tissue. Cytoplasmic intensity and percentage 
scores were added together for a total score ranging 0-6. Membranous FLNA staining was 
scored in a positive-negative manner and was considered positive if >10% of cells showed 
distinct membranous staining. Spots with the strongest stainings were chosen for statistical 
analysis. Parafibromin staining was considered negative if <1% of tumor nuclei were positive 
and was respectively positive if >95% of cells showed distinct nuclear positivity. Everything 
intermediate was considered diminished positive staining. The weakest spots were chosen 
for statistical analysis.  
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4.3 MGMT STATUS ASSESSMENT 
MGMT gene methylation from tumor DNA was investigated in study IV. Tumor DNA was 
isolated from FFPE tissue from primary surgery (n=10) or surgical removal of metastasis 
(n=2) using GeneRead DNA FFPE Kit (Qiagen, Hilden, Germany). NanoDrop 8000 
Spectrophotometer (ThermoFisher Scientific, Waltham, MA) was used to assess the quantity 
and quality of DNA, while bisulfite treatment of DNA (EpiTect Bisulfite Kit, Qiagen, Hilden, 
Germany) was used to convert unmethylated cytosine residues to uracils. A mean 
methylation level of >20% was used as cutoff point for methylation.  

 
4.4 STATISTICS 
All data processing and statistical analyses were carried out using IBM SPSS Statistics 
version 23 (SPSS, Inc.) and Rstudio version 1.0.153 (RStudio, Inc) as well as Microsoft Excel 
(Microsoft). The data was considered non-parametrically distributed. For study I and II, we 
used the χ2 test (with Fisher’s exact test where appropriate) to investigate categorical 
variables. For continuous parameters, we used the Mann-Whitney U test. A two-tailed P-
value of <0.05 was considered significant. Statistical analysis was not necessary for studies 
III and IV.  

 
4.5 ETHICAL PERMISSION 
The study protocols have been approved by the Helsinki University Hospital Ethics 
Committee. Permission to use histological samples without individual informed consent for 
studies I and II was granted by the Finnish National Supervisory Authority for Welfare and 
Health (Valvira) (Dnro 8031/06.01.03.01/2015) and the Helsinki Biobank. (Dnro 
HUS/359/2017). For studies III and IV, the patients have given their informed consent for 
participation. Permission for the study designs has also been granted by the HUCH ethical 
committee (HUS/1803/2018 and HUS/333/2019).  
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5 RESULTS 
 

All results presented here can also be found in their respective original papers.  

 
5.1 SOMATOSTATIN RECEPTOR EXPRESSION 
In study I, we found that somatostatin receptors (SST) are present in parathyroid tumours. 
Staining was generally scarce and faint, although we found all SST subtypes (1-5) expressed 
in both cytoplasm and nucleus to varying degree. The expression followed a pattern with the 
weakest expression in adenomas and strongest expression in carcinomas, with atypical 
adenomas falling in between. Membrane expression was negligible. Significant differences in 
expression were observed between the tumor groups regarding all receptor subtypes, except 
for SST1. The largest difference in the tumor groups was found regarding cytoplasmic SST5, 
with almost all carcinomas (87%) showed cytoplasmic expression to some degree. The 
corresponding numbers for APA and PA were 55% and 15%, respectively (p<0.001).   

 

5.1.2 ASSOCIATION BETWEEN SST STAINING AND OTHER PARAMETERS 
Negative parafibromin staining was associated with cytoplasmic expression of SST2 
(p=0.04) and nuclear SST3 (p=0.019). Negative parafibromin staining was not related to 
expression of SST5. High Ki-67 was associated with cytoplasmic SST4 and SST5 (p=0.048 
and p<0.001, respectively) as well as nuclear SST3 and SST5 (p=0.003 and p<0.001, 
respectively). Tumor size was not related to any of the SST subtypes. Cytoplasmic SST5 was 
also associated with high concentrations of S-Ca-ion and PTH (p<0.001 for both). We also 
found that cytoplasmic SST5-negative tumors appeared more aggressive than their positive 
counterparts. Out of the four PC patients with negative cytoplasmic SST5, one died from 
their disease while another had metastatic disease.  
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Figure 9. Distribution of the statistically significant SSTs in PA, APA and PC. The Y axis 
represents the proportion of positively stained TMA spots.  

 

 

Table 4. Patient and tumor characteristics from study I.  
 

unit PC (n=32) AA (n=28) PA (n=72) 
Gender 
(female/male) 

 
18/14 16/12 46/26 

Age at diagnosis years 61±16.67 59±15.26 62±14.96 
Ca-ion at diagnosis mmol/l 1.82±0.28 1.60±0.19 1.45±0.10 

PTH at diagnosis ng/l 1085.97±829.6
0  

691.92±743.6
4 

225.09±245.7
3 

Family history of 
parathyroid disease 

n 3 1 1 

Renal manifestation % 50.00 46.00 25.00 
Bone manifestation % 47.00 14.00 39.00 
Metastasis n 5 

  
     

Histopathological 
findings 

    

Mitotic activity % 25 9 1 
Nuclear atypia % 44 18 11 
Fibrous septae % 88 93 3 
Parafibromin 
staining 

Positive (%) 22 33 76 
 

Weak positive (%) 66 63 24  
Negative(%) 13 4 0 

Ki-67 % 2.7 2 0.9 
  

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Cytoplasm Nucleus Cytoplasm Nucleus Cytoplasm Nucleus
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5.2 EXPRESSION OF FILAMIN A AND CASR 
In study II, we investigated the presence of FLNA and CaSR in parathyroid tumors. We 
found distinct positive CaSR expression in all tumors. However, in one PC and one APA 
tumor, the staining was diminished but still considered positive. We found a normal 
distribution of FLNA staining with most tumours having a score of 3 (median 3, mean 3.03), 
while only a few tumours were completely negative or had very strong staining. We found 
that PC tumours have significantly higher expression of both cytoplasmic and membranous 
FLNA compared to APA and PA (p=0.004 and p<0.001, respectively). High FLNA scores 
were associated with high concentrations of serum calcium and PTH (p=0.017 and p=0.014 
respectively for cytoplasmic FLNA, and p<0.001 and p=0.006 respectively for membranous 
FLNA). FLNA expression was not related to diminished parafibromin expression. FLNA 
staining in reference normal parathyroid tissue was negative.  

 

5.2.1 PARAFIBROMIN-FLNA SCORE 
We found that only one PC tumor had a total FLNA score <4 and positive parafibromin 
staining. We called this combination the parafibromin-FLNA score. This tumor was not 
remarkable and the clinical picture did not differ from that of APA and PA. All patients with 
disseminated/metastatic disease had cytoplasmic FLNA scores of 4 or 5 with membrane 
positivity. FLNA score was not related to Ki-67 proliferation index. Patients with kidney 
manifestations (renal failure with elevated creatinine or kidney stones) were more likely to 
have positive membranous FLNA staining (p=0.018). Membrane FLNA expression was also 
related to whether the patient had suffered from hypercalcaemic crisis (p=0.04). The 
parafibromin-FLNA score has a sensitivity of 96.9% and a specificity of 51.3% in our cohort. 
With an incidence of around 1% among PHPT cases, the NPV for ruling out PC using this 
score is 99.99%. The PPV was 2%. The parafibromin-FLNA score groups also correlated with 
tumor size and weight as well as serum PTH and calcium.  
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Figure 10. Above are examples of CaSR staining; A and B are the two tumors with 
diminished CaSR expression and C represents the rest of the cohort with strong CaSR 
staining including membrane compontents. Below is a parathyroid TMA stained for FLNA: 
the spectrum of staining intensity is clearly visible already with low magnification.   

 

 

Figure 11. In the left panel are the distributions of cytoplasmic FLNA expression in PA, APA 
and PC tumors.  The y-axis represents percentage of tumors and the x-axis staining score 0-
6. On the right side are example TMA spots representing the scoring system used.  
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5.3 A CASE STUDY: SUCCESSFUL TREATMENT 
COMBINATION IN A PATIENT WITH METASTATIC PC 
Study III is a case study of a patient with disseminated PC who was treated with a 
combination of surgery, radiation therapy, temozolomide (TEM), cinacalcet and zoledronic 
acid. She presented with hypercalcemic crisis, with serum ionized calcium of 2.16 (reference 
values 1.16-1.30 mmol/l) and serum PTH of 2120 (ref. 15-70 ng/l). Before this, she had 
suffered from nausea, constipation, and weight loss as well as severe pains in her knees and 
shins. Five years prior, she had undergone a thyroid surgery and a small parathyroid 
adenoma had been found. She now had multiple cystic lesions on both sides of her neck on 
ultrasound, while 99mTc-MIBI-scan was unremarkable. The patient underwent surgical neck 
exploration. A tumor on the right side of her neck was resected: it extended into the 
mediastinum with invasive growth into the trachea and right a. carotis communis. 
Histopathological examination confirmed PC with vascular infiltration.  

After surgery, the patient’s PTH levels remained elevated, and later, her hypercalcemia 
recurred. She was treated with cinacalcet 30 mg twice daily. A retrosternal mediastinal mass 
was detected on contrast-enhanced CT; this was later confirmed to be two PC metastases. 
Her hypercalcemia persisted and large lytic lesions were observed in her pelvis on x-ray. She 
also had pathological lymph nodes in the neck and left clavicular groove, as well as a lytic 
lesion in the left clavicle. Recurrent neck tumors were again resected from both left and right 
sides of her neck and her neck and upper mediastinum lesions were treated with adjuvant 
external radiation therapy (IMRT). Zoledronic acid was given according to standard 
guidelines on solid tumor bone metastasis treatment (4 mg iv). Treatment cycles with TEM 
were initiated with a dosage of 240 mg for 5 days with 28-day intervals. It was given for one 
year (10 cycles) and was discontinued when the patient remained in biochemical remission 
without signs of active disease on CT. O6 -methylguanine DNA methyltransferase (MGMT) 
promoter methylation status - investigated from the patient’s tumor DNA - , a partial 
prerequisite for satisfactory TEM response, was high, 35%.  After treatment, the patient 
remains in remission and is still alive, 20 years after her initial symptoms began.  

The patient’s daughter underwent parathyroidectomy due to an atypical parathyroid 
adenoma with severe hypercalcaemia. The patient’s brother has also been treated for PHPT. 
The patient’s son is unaffected by PHPT. No underlying gene defect has been found in this 
family.  
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Figure 11.  

A. 99mTc-hydroxydiphosphate (99mTc-HDP) bone scan showing metastatic lesions with 
pathologic marker uptake of posterior ribs 9 and 10 on the patient’s right side (arrows).  

B. 99mTc-HDP bone scan with no indication of active metastatic disease. Increased marker 
uptake in the tip of the right scapula is due to summation and in the right 
metatarsophalangeal joint due to arthritis (arrows). 

C. Contrast-enhanced CT scan: Lytic lesions within both iliac bones (arrows) with a large 
metastatic soft tissue mass dislocating the iliacus muscle (arrowheads).  

D. 11 years later after image C, the metastatic lesions have been ossified with no signs of 
malignant expansion. Contrast-enhanced CT.  

E. FDG-PET/CT from the same time period as image B shows uptake in the metastatic 
lesions of both iliac bones indicating high metabolic activity. 
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5.4 MGMT GENE METHYLATION IN PC 
Since the patient in study III had such a favourable response to treatment, we investigated 
MGMT methylation status in a larger set of PC patients (n=11, including the patient from 
study III). We also included one APA patient, the daughter of the patient from study III. 
Three patients have familial PHPT. All patients except the study III patient had low MGMT 
methylation status.  

5.4.1 TEM TREATMENT IN A PATIENT WITH LOW MGMT METHYLATION 
We also briefly described a patient suffering from familial PC due to a CDC73 gross deletion 
of exons 1-10. A report on this patient case has been described previously (Korpi-Hyövälti et 
al., 2014). The patient was diagnosed in 1993 and has since undergone numerous surgeries 
because of metastatic PC in the neck and the vicinity of the thoracic spine. This patient was 
treated with TEM cycles (280 mg for 5 days with 28-day intervals) for six months, along with 
cinacalcet and zoledronic acid. TEM treatment was stopped and zoledronic acid was 
switched to denosumab after growth of a C6 and lung metastases on CT. Six months later, 
the patient’s disease was stable with minor tumor shrinkage on CT. High MGMT promoter 
methylation is a predictor of successful treatment response to TEM in other tumors, and this 
patient’s methylation status was low. However, one could argue that partial response or 
stable disease was achieved.    
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 Table 5. Patients used in study IV. 

   

Patient 
number 

Type of 
tumor 

Sex Age 
at 
dg 

Recurrence Ki-67 Parafibromin 
stain 

Familial 
PHPT 

CDC73 
germline 
mutation  

MGMT 
status 

1 parathyroid 
carcinoma 
in one 
gland, 
another 
with 
atypical 
adenoma 
and two 
glands with 
hyperplasia 

F 25 
 

10-15% unreliable no negative Low 

2 parathyroid 
carcinoma 

M 76 
 

3 % negative no negative low  

3 parathyroid 
carcinoma 

F 49 
 

5 % N/A no negative low  

4 parathyroid 
carcinoma 
in two 
separate 
glands 

M 17 
 

left side 5%, 
3-4 % right 
side  

N/A aunt negative low  

5 parathyroid 
carcinoma 

M 35 
 

N/A N/A no negative low  

6 parathyroid 
carcinoma 

M 45 Local 
recurrence 

10 % negative no negative low  

7 parathyroid 
carcinoma 

F 61 
 

20 % positive no negative low  

8 parathyroid 
carcinoma 
in two 
separate 
glands 

M 42 Recurrent 
hypercalcemia, 
reoperation: 
hyperplasia or 
adenoma 

5 % N/A no negative low  

9 parathyroid 
carcinoma 

F 48 Study III case 
report patient 

5 % negative daughter 
and 
brother 

negative high, 
35% 

10 parathyroid 
carcinoma 
in one 
gland, 
another 
gland 
adenoma or 
possibly 
metastasis 

M 18 
 

6-8% negative several gross 
deletion 

low  

11 parathyroid 
carcinoma 

M 32 Persistent 
disease. 
Recieved TEM 
treatment for 
six months  

10-15% 
(metastasis) 

N/A several gross 
deletion 

low 

12 atypical 
parathyroid 
adenoma 

F 33 
 

5 % focal spots with 
positivity, 
partly negative 

mother 
and 
uncle 

negative low 
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6 DISCUSSION 
 

PC is a rare disease. However, since the 1990s, the incidence has been steadily increasing. In 
Finland, during the timespan from 1955-2000, the mean incidence was 1.42 cases/10 
000 000/year; during the years 2010-2013, the incidence was 10.4  (Ryhänen et al., 2012). 
Similar trends in the incidence have been reported also in the US and Australia (S. Brown et 
al., 2011; Lee et al., 2007)  Recently, this phenomenon has been described also in Asia (Kong 
et al., 2021). Increasing evidence for long-term benefit of parathyroidectomy in PHPT and 
improved minimally invasive surgical techniques has increased the number of 
parathyroidectomies done, thus leading to an increased rate of detected PC cases (Kong et 
al., 2021; Pasieka et al., 2009; Ryhänen, Heiskanen, et al., 2015; Storvall et al., 2017; L. 
Zhang et al., 2018). Also, PHPT is often an incidental finding on routine blood tests and 
increased screening leads to an increase in otherwise asymptomatic individuals (Sywak et al., 
2002; Wojtczak et al., 2020). This means that the differential diagnosis between PC, APA 
and PA is becoming increasingly commonplace. As the diagnosis of PC is currently based on 
invasive features on histology, there is perhaps a more urgent need of markers indicating 
benign disease.  

 

Somatostatin analogs 

In study I, we investigated the presence of somatostatin receptors in PC, atypical adenomas 
and benign adenomas. In other NEN:s, overexpression of different types of hormone 
receptors is common (Refardt et al., 2020). Overexpression of SST:s is frequent in well-
differentiated GEP-NEN:s with a decreasing expression in less differentiated tumors (Modlin 
et al., 2010). In GEP-NEN:s, SSTR2 is the most frequently expressed receptor and the 
presence of SSTR5 and absence of SSTR2 correlate with metastasis, angioinvasion and 
tumor growth (Berardi et al., 2016; Reubi, 2004; Reubi et al., 1990). In pancreatic NEN:s, 
low expression of SSTR2 and SSTR5 is associated with a worse disease prognosis (Mehta et 
al., 2015). Of our PC patients, only 6 had metastasized disease and three died from the 
disease. The number is too few for reliable survival analyses. 

Somatostatin analogs are often used in NEN treatment; they decrease hormone secretion 
and cause tumor shrinkage in diseases such as acromegaly and carcinoid syndrome. 
Overexpression of SST:s has been recognized in both benign and malignant NEN:s (Barbieri 
et al., 2013).   Somatostatin analogues are first-line treatment in low-grade disseminated 
GEP-NEN:s (Ki-67 <10%) with positive SST expression on immunohistochemistry (Ma et al., 
2020). They are used in pituitary tumors and diseases such as acromegaly both as adjuvant 
and presurgical treatment and have been shown to reduce tumor size, contributing to disease 
stabilization.  
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Somatostatin analogs have been used in the treatment of MEN-1 related GEP-NEN:s in 
combination with dopamine agonists with excellent treatment response (Gomes-Porras et 
al., 2020). Commonly used synthetic somatostatin analogs are long-acting octreotide and 
lanreotide, which mainly bind to SST2 but also have affinity for SST3 and SST5 
(Theodoropoulou & Stalla, 2013). Pasireotide is a newer somatostatin analog with higher 
binding affinity to SST1, SST3 and SST5 compared to octreotide, but with the same affinity 
for SST2. Somatoprim binds to SST2, SST4 and SST5 (Gomes-Porras et al., 2020; 
Theodoropoulou & Stalla, 2013). A few studies have been done on octreotide treatment in 
benign PHPT, none of which are carried out on PC patients. Octreotide might give patients 
some symptomatic relief and reduce the urinary output of calcium, thus decreasing the 
occurrence of nephrolithiasis (Lucarotti et al., 1994). It has no significant effects on serum 
calcium and PTH levels and is thus not used in practice (Zielke et al., 1997).  

The expression of SST:s was very faint, with generally less than half of all cells per TMA spot 
being stained. This indicates that generally, treatment with somatostatin analogues or 
somatostatin-labelled scintigraphy will not be of use. The findings from study I could 
however be used in a diagnostic manner: SST5-positive tumors have a greater likelihood of 
being malignant. Meanwhile, as a prognostic marker, SST5-negative carcinomas seem to 
have a worse prognosis. Further research is definitely needed on this issue. While very faint, 
since all our stainings followed a similar pattern with statistically significant results and the 
scoring was done blindly, it is probable that our results are in fact real and not a result of 
technical error. The monoclonal antibodies used in this study have been verified (Remes et 
al., 2019).  

 

Localization of somatostatin receptors 

While SST:s are considered membrane receptors, cytoplasmic expression of SST:s is not 
uncommon and considered a consequence of receptor internalization after ligand binding 
(Csaba et al., 2012; Jacobs & Schulz, 2008). Nuclear expression of SST:s was frequently 
present in our study, and the expression varied significantly between the tumor groups 
regarding SST:s 3-5. Only trivial description of nuclear somatostatin receptor expression is 
described in the literature. We speculated that this might be due to publication bias: since 
nuclear SST expression is generally uncommon, and scientists do not know the reason for 
nuclear positivity on IHC as SST:s are G-protein coupled receptors generally present on the 
plasma membrane or in the cytoplasm, the findings might be only briefly mentioned or 
discarded as artefacts. Radioactive-labeled somatostatin analog uptake has been observed in 
the nucleus in neuroblastoma (Hornick et al., 2000). DNA-dependent protein kinase (DNA-
PK) is a nuclear serine/threonine protein kinase promoting G1 checkpoint growth arrest 
and/or apoptosis in response to DNA damage. The DNA-PK consists of a catalytic subunit 
that forms a complex with the heterodimeric Ku protein. The Ku protein participates in DNA 
double strand break repair and is essential for non-homologous end-joining (NHEJ) repair 
of DNA double strand breaks (Fell & Schild-Poulter, 2015). The 86-D subunit of the Ku-
protein family functions as a somatostatin receptor. Binding of somatostatin promotes 
translocation of 86-Ku from the cytoplasm to the nucleus (le Romancer et al., 1994; Tóvári et 
al., 1998). The antiproliferative and apoptotic properties of somatostatin have been 
speculated to be mediated through the 86-Ku protein (Pucci et al., 2004).  
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The calcium-sensing receptor 

Loss of CaSR expression has been commonly reported in PC. The underlying mechanism 
remains unknown; it is neither mediated by loss of CaSR alleles nor epigenetic silencing 
(Farnebo et al., 1997; Sulaiman et al., 2013; Tennakoon et al., 2016; Varshney et al., 2013). 
Aside from calcium homeostasis, CaSR also mediates other unrelated functions, such as cell 
proliferation and differentiation, angiogenesis, chemotaxis and apoptosis (E. M. Brown & 
MacLeod, 2001; Tennakoon et al., 2016). In many cancers, CaSR has been found to act as an 
oncogene by promoting proliferation and inhibiting apoptosis by unknown mechanisms. On 
the contrary, in parathyroid cancer as well as in neuroblastoma, colon and gastric cancer, 
CaSR seems to act as a tumor suppressor (Tennakoon et al., 2016).  

The original hypothesis behind study II was that since CaSR expression loss is prevalent in 
PC, and the underlying mechanism is not known and FLNA regulates CaSR activity, perhaps 
there could be a connection. Only two tumours in our study showed diminished staining of 
CaSR on IHC, one PC and one APA, and those two also clearly expressed CaSR, not only as 
intensely as the rest of the cohort. Calcimimetics, such as cinacalcet, are allosteric activators 
of CaSR that increase the sensitivity of CaSR and its downstream intracellular signalling 
pathways to extracellular calcium. Calcimimetics are used in the treatment of PTH-
dependent hypercalcemia to effectively lower serum calcium levels, and also increase the 
expression of CaSR (Brennan et al., 2013; Conigrave & Ward, 2013; Tennakoon et al., 2016). 
Six of our PC patients had received cinacalcet treatment. One of those was the PC patient 
with diminished CaSR staining. The APA patient with diminished CaSR did not receive 
additional treatment except from surgery.  
 

Increased expression of FLNA 

CaSR-FLNA interaction prevents degradation of CaSR and stabilizes it to the plasma 
membrane (M. Zhang & Breitwieser, 2005). This indicates that an abundance of FLNA in 
parathyroid chief cells could cause improved parathyroid sensitivity to calcium. One could 
then assume that if the disturbed calcium feedback loop in PHPT is due to FLNA aberrance, 
it would have to be because of decreased FLNA activity. We demonstrated that FLNA 
increases in malignant tumors, which are characterized by higher levels of serum PTH and 
calcium, which, presuming our results are depicting a real phenomenon (the fact that the 
cytoplasmic expression was approximately following a normal distribution supports this) 
indicates that this hypothesis is at least partly false. Another possible explanation is that the 
FLNA protein is faulty in malignant tumors, while still expressed in elevated amounts. The 
upregulation of FLNA could also be unrelated to CaSR expression. The study by Mingione et 
al, showing decreased expression of FLNA with increasing malignancy, included only seven 
PC tumors (Mingione et al., 2017). While unlikely, it is possible that these different results 
are due to chance, because of the low statistical power of the studies. Vitali et al investigated 
FLNA in pulmonary neuroendocrine tumors and found progressively increasing FLNA 
expression correlating with malignant grade (Vitali et al., 2017), similarly to our results.  
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In cells of pulmonary NEN:s, silencing of FLNA has a cytostatic effect and corresponds to a 
decrease in expression of the cell-cycle regulator cyclin D1 (Tashiro et al., 2007; Vitali et al., 
2017). Cyclin D1 has also been investigated also as a tumor marker in PC, as it is 
overexpressed in up to 40% of parathyroid adenomas and 50-90% of carcinomas (Brewer et 
al., 2019; Chung, 2004; Hsi et al., 1996). Parafibromin is an inactivator of Cyclin D1 (Yang et 
al., 2009) 

 
Somatostatin receptors and FLNA 

SST:s can homodimerize as well as heterodimerize with each other and with opioid- , 
dopamine-, and -adrenergic receptors to alter the intracellular signaling and depending on 
the receptor type this might enhance or inhibit the SST-mediated effects (Durán-Prado et al., 
2008; Somvanshi, Chaudhari, et al., 2011; Somvanshi, War, et al., 2011; Theodoropoulou & 
Stalla, 2013; Volante et al., 2008). FLNA might be involved in SST2-mediated effects in 
pancreatic NET:s (Vitali et al., 2016). In somatotropinomas, FLNA has also been related to 
SST5-expression (Coelho et al., 2019). Due to our PA control group being different in studies 
I and II, we have not been able to perform statistical analyses on the relationship between 
FLNA and SST expression in parathyroid tumors, despite the PC tumors and most of the 
APA tumors being included in both studies.  
 

Tumor markers – clinical utilization 

There are many suggested tumor markers that could be used in the diagnostic process of PC. 
They are all characterized by high specificity, but rather low sensitivity. Parafibromin has 
long been the gold-standard in parathyroid tumor diagnostics, which is supported by the 
facts that it is a known tumor suppressor and is associated with hereditary forms of PHPT 
such as HPT-JT. However, not all PC cases express clear parafibromin downregulation, as 
also demonstrated in our studies I and II. Parafibromin is the most studied marker, and thus 
has the most validation. Other suggested markers with similar specificity are APC, Galectin-3 
and PGP9.5. Downregulation of APC and upregulation of galectin-3 have similar, if not 
better sensitivity compared to parafibromin. Other markers that might have better sensitivity 
than parafibromin are p27 and cyclin D1, however, they are not nearly as thoroughly studied. 
Especially cyclin D1 is interesting: it is involved in many of the classical hallmarks of cancer 
and is involved in the same pathways as most other established aberrant proteins frequently 
occurring in parathyroid tumors and PC (Hanahan & Weinberg, 2000). Considering that the 
sole diagnostic criterium for PC is invasiveness, regardless of other histological 
characteristics and protein expression (until further notice), the diagnostic role of these 
markers remains minor. However, in the setting of APAs, they are more interesting, as at 
least part of APAs could represent early-stage carcinomas that have been excised before 
invasive characteristics develop. Also, the mentioned markers need investigation also 
regarding the patient’s prognosis; at least loss of parafibromin and CaSR expression appear 
to indicate a worse prognosis in PC (Duan & Mete, 2015; Erickson & Mete, 2018; Witteveen 
et al., 2011). In the future, combinations or marker panels of the already investigated 
markers will likely play a more significant role in the prognostics and diagnostics of PC.   
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MGMT methylation and temozolomide 

In study III, we described a patient whose metastatic parathyroid cancer was treated with a 
combination of surgery as well as radiotherapy, temozolomide, cinacalcet and zoledronic 
acid. She is alive and well, in complete remission, 20 years after her first surgery. Study IV 
was a natural succession when we discovered that the tumor DNA of the study III patient 
had high MGMT methylation. This is the first description of MGMT promoter methylation in 
PC, and also the first PC patient receiving TEM treatment described in the literature.  

The gene coding for MGMT is epigenetically inactivated by promoter methylation in many 
types of tumors, and inactivation of the MGMT gene thus predicts a better treatment 
response to TEM. The active metabolite of TEM, 5-(3- methyltriazen-1-yl) imidazole-4-
carboxamide (MTIC), causes DNA lesions such as methylation at the N7 position of guanine, 
the N3 position of adenine and the O6 position of guanine. This guanine O6 methylation 
causes mispairing of guanine to thymine instead of cytosine during DNA replication. The 
DNA-repair enzyme O6-methylguanine DNA methyltransferase (MGMT) restores the O6 
guanine methylation. If the MGMT enzyme is deficient, persistent O6 guanine methylation 
activates the DNA mismatch repair pathway, excising the wrongly paired thymine on the 
daughter strand. The methylated O6-guanine persists on the template strand in MGMT-
deficient cells resulting in a futile cycle ultimately ending in substantial DNA resection and 
apoptosis (Thomas et al., 2017). The MGMT enzyme thus partly counteracts the effects of 
MTIC. TEM is commonly used in for example glioblastoma, where MGMT inactivation is 
present in around 40% of cases (Riemenschneider et al., 2010).  

However, in GEP-NEN:s, while MGMT methylation is a strong predictive factor regarding 
both progression-free and overall survival after TEM treatment, treatment response can also 
be seen in patients lacking MGMT inactivation (Campana et al., 2018; Cives & Strosberg, 
2015, 2018) .  

In low-grade NEN:s, treatment regimens involving  somatostatin analogues and kinase 
inhibitors have to a great extent replaced cytotoxic chemotherapy. However, chemotherapy 
is still first-line treatment in high-grade disseminated NEN:s (Chan & Singh, 2018).  
Alkylating agents are among the oldest used chemotherapy drugs. Alkylating agents such as 
dacarbazine, streptozocin and TEM act by causing DNA damage, disrupting cell division 
(Puyo et al., 2014). 5-FU, an antimetabolite developed in the 1950s, is commonly used in 
colorectal and breast cancers and has previously been used also in NEN:s (Longley et al., 
2003). Capecitabine is a prodrug of 5-FU. In combination with TEM, it is used in 
capecitabine-temozolomide (CAPTEM) therapy which is generally considered the most 
effective treatment regimen for NEN:s, though NEN:s generally respond well to TEM-based 
treatment (Cives & Strosberg, 2015). CAPTEM can be effective also in the absence of MGMT 
methylation resulting in partial remission or stable disease (Owen et al., 2017). Treatment 
regimens involving TEM are used in both GEP-NEN:s and pulmonary NEN:s (Caplin et al., 
2015; Chan & Singh, 2018).  
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The choice of treatment with TEM for the patient in study III was highly experimental. TEM 
was chosen for chemotherapy treatment simply because it is frequently used in other NEN:s. 
The favourable side effect profile and the fact that it is available in per os form as well as 
being affordable for the patient (in Finland, cancer patients treated with TEM get full 
financial compensation for the medication) were also contributing factors. The fact that the 
study III patient responded so well to the treatment is thus to a large extent only due to sheer 
luck. In study IV, we demonstrated that MGMT methylation is rare in PC tumors. Still, the 
study III patient had a high level of MGMT methylation and just so happened to be the one 
to receive TEM treatment. The timing and combination of other treatments (cinacalcet, 
zoledronic acid and radiotherapy) likely also affected the treatment result. One of the other 
patients from study IV also received TEM treatment. He had been diagnosed with PC over 20 
years prior and had metastatic disease at the time of the study (and at the time of TEM 
treatment). He did not have tumor MGMT methylation. We reported in the study that his 
disease progress had halted somewhat; at the time of publication the patient’s disease had 
been stable for about six months. However, the patient passed away a few months later due 
to pancreatitis, possibly caused by other underlying health conditions with PC-related 
hypercalcemia rather as a contributing factor. The patient’s most recent S-Ca-ion was 1.70 
mmol/l, just having received denosumab treatment due to the high calcium levels.  
 

 

6.1 STRENGTHS AND WEAKNESSES 
Compared to what is generally described in the literature, our PC patients have had a rather 
favorable prognosis, with only a handful of relapses and only three disease-related deaths in 
the span of our follow-up. This lack of end points can be considered the largest weakness of 
these studies and has made survival analyses and investigation of prognostic factors 
impossible.  Another limitation is the cohort size. Compared to most studies in the literature, 
the cohorts used in study I and II are substantial. Most single-center studies involve only a 
handful of PC tumors, generally less than 20. Still, the number of patients is not sufficient for 
reliable statistical conclusions, and our results need international validation. Sadly, due to 
the fact that the TMA had to be remade for study II, the PA group consists of a different set 
of patients/tumors and thus the results from study I and study II could not be combined. 
IHC is the golden standard method in diagnostic pathology due to its simplicity, accuracy 
and cost-effectiveness. It is, however, not an uncomplicated method. The results are 
dependent on the antibodies used, as well as other analytical and pre-analytical factors. In 
addition, IHC is subject to variations in both intra- and interobserver interpretation. TMA 
has been criticized for not being representable of the tissue in its entirety. However, the next-
generation TMA technique, with punches annotated digitally as to ensure correct wanted 
parts of the tumor are included, is considered to be sufficiently comparable to whole tissue 
sections (Nolte et al., 2017; Zlobec et al., 2013)Also, the results from studies I and II have not 
been verified with functional analyses.  
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6.2 FUTURE  PROSPECTS  
In today’s society, with pathology becoming increasingly digitalized - for study II, all IHC 
slides were scanned and scored digitally -, the practical hindrances for multi-center and 
international collaboration are more of a nuisance than an actual problem. Bureaucracy is 
sometimes the largest obstacle. The Covid-19 pandemic forcefully facilitated distance 
working, and in the future, improved collaboration between research units is paramount for 
better research on rare diseases. Combining cohorts would ensure adequate study sizes in 
order to obtain results with better statistical power. Biobanking and storing samples for 
future projects is important in the study of rare diseases. In the future, improved artificial 
intelligence-based methods for automated image analysis will likely speed up the scoring 
process of pathological samples. Furthermore, collection of circulating tumor DNA could in 
the future enable also preoperative diagnostics.  

The next WHO classification of parathyroid tumors will include APA as “atypical parathyroid 
tumor” instead of “atypical adenoma” in order to emphasize their unknown malignant 
potential and that they are not benign adenomas with some histological atypia.  Potentially, 
some APA:s are early stage carcinomas which have not yet developed invasive features – 
distinguishing which APA:s will behave similarly to PA:s and which APA:s will recur or have 
potential for malignancy is crucial. 

An interesting future research prospect would be the mechanism behind parathyromatosis: 
the seeding ability of normal/benign parathyroid tissue is unique. Hypothetically, some 
parathyromatosis-related mechanisms could be involved in metastasis development in PC, 
or eventually also in other malignancies. The mechanisms by which parathyromatotic tissue 
attaches to its new localization for example in the setting of parathyroid autografts or 
seeding along a needle biopsy tract, if investigated, could potentially be utilized in targeted 
cancer treatments.  
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7 CONCLUSIONS 
 

We have demonstrated that SST:s are expressed in parathyroid tumors, with increasing 
expression in PC compared to PA and APA. Especially cytoplasmic expression of SST5 shows 
potential as a histological tumor marker. Likewise, FLNA expression is significantly different 
between PA, APA and PC, with the highest expression in malignant tumors. We combined 
FLNA immunohistochemistry score with the already established marker parafibromin into a 
novel parafibromin-FLNA score. This score has a promising potential in detecting benign 
tumors and indolent course of disease. We presented a case report, in which a patient with 
uncurable metastatic PC got combination treatment with TEM, surgery, radiotherapy, 
cinacalcet and zoledronic acid. The patient went into remission and is still alive, more than 
10 years later. Tumor MGMT methylation was high. In a larger cohort of PC patients, we 
investigated this further and found that the MGMT gene is not routinely inactivated in PC 
tumors. Still, in the case of disseminated disease without other available treatment options, 
testing for MGMT methylation could be suggested: high methylation could indicate 
favourable treatment response to TEM.    
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