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Introduction

Primary hyperparathyroidism (pHPT) is one of the 
most common endocrine disorders and is characterized by 
excessive and irregular secretion of parathyroid hormone 
(PTH), resulting in hypercalcemia1,2. In 80-85% of cases 
this is due to the presence of benign adenoma in a single 
parathyroid gland, whilst in 10-15% it may be due to 
multiglandular tumors or hyperplasia and parathyroid 
malignancy (<1%)2,3. It is usually revealed during the sixth 
decade of life affecting mainly women, in a ratio 2-3:1 
female to male, whilst the prevalence in the population is 
1-4 per 1000 persons4,5. Although the vast majority of 
cases arise sporadically, pHPT may be the manifestation of 
some genetic inherited syndromes, in a notable percentage 
of 5-10%5,6. One such disorder is hyperparathyroidism jaw 
tumor syndrome (HPT-JT).

This syndrome is inherited in an autosomal dominant 
manner and is characterized by the development of 
parathyroid tumors causing pHPT, ossifying fibromas of the 
jaws, as well as the upgrowth of uterine neoplasms and renal 
cystic lesions7,8. It is caused by inactivating mutations in 
the tumor suppressor gene CDC73 (cell division cycle 73) 

that is located in chromosome 1 and, more specifically, in 
position 1q31.29. CDC73 gene encodes for a ubiquitously 
expressed nuclear protein with strong anti-proliferative 
properties called parafibromin (from hyperPARA and FIBRO-
osseous)10. Mutations or deletions occurring in this gene 
lead to loss of parafibromin’s functionality resulting in the 
development of a variety of human neoplasms in patients 
suffering from the syndrome11.

Newer data suggest that there might be a strong 
correlation between CDC73 gene mutations and the 
development of parathyroid cancer (PC) and jaw tumors12. 
Recent advances in the understanding of the genetic basis 
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have shown that somatic only CDC73 mutations could lead 
to PC, indicating that there is a high life risk of malignancy 
in the setting of HPT-JT syndrome13. Early identification of 
both patients and relatives harboring CDC73 mutations is 
crucial so as to assure a better clinical outcome of them14,15.

Genetic background
CDC73 gene

HPT-JT syndrome is caused by inactivating mutations 
in the tumor suppressor gene CDC73 that is located in the 
long arm of chromosome 1 and, more specifically, in position 
1q31.27,8. It was first identified by Carpten in 2002, who 
designated it as a HRPT2 (hyperparathyroidism tumor 2) 
gene, and consists of 17 exons and a coding area of 1593 
bases8,16,17. CDC73 gene encodes for an evolutionary 
conserved protein, known as parafibromin8,12. This protein 
consists of 531 amino acids, is predominantly expressed in 
the nucleus of the cells and can be found in many tissues 
of the human body such as parathyroid and adrenal glands, 
kidneys, heart, hypophysis and skeletal muscles8,18,19. 
Parafibromin shows off strong anti-proliferative properties 
and is a component of Polymerase-Associated Factor 
1 complex (PAF1c) that includes, overall, five more 
proteins17,20. Via this complex, parafibromin interacts 
directly with RNA-polymerase II impacting significant 
transcriptional and post-transcriptional procedures such as 
histones modification, stabilization of p53, mRNA elongation 
and chromatin remodeling8–10,15,20. Also, it is suggested by 
many recent studies that parafibromin downregulates both 
Cyclin D1 and c-Myc proto-oncogene expression, resulting 
in the inhibition of the cell cycle progression and further, 
interacts directly with β-catenin in the nucleus, activating the 
canonical Wnt signaling pathway8,13,15,17,20–22. Moreover, it 
seems to play an important role in embryogenic development 
and organogenesis20,21. Germline mutations or deletions 
occurring in the CDC73 gene lead to premature truncation of 
parafibromin and subsequent loss of its properties, inducing 
the growth of a variety of human neoplasms8,11,22.

Mutations

Germline and somatic mutations occurring in CDC73 gene 
seem to be associated with pathogenic phenotypes of HPT-
JT syndrome, familiar isolated hyperparathyroidism (FIH) 
and sporadic PC4,7,23–25. Indeed, from the patients harboring a 
CDC73 mutation, 55% have manifestations related to HPT-
JT syndrome, 21% to FIH, whilst a percentage of 15-20% 
appears to develop PC9,20,23,24. In regards to the patients 
with HPT-JT syndrome, 50-75% are carriers of germline 
mutations, whereas the remaining 25% might present 
abnormalities in the promoter region, whole exon deletions, 
mutations in unidentified genes, epigenetic modifications or 
methylation leading to gene silencing8,9,20,23,26.

The vast majority of germline mutations is related to 
frameshift and nonsense ones, which are detected in 50-
60% and 30% of the syndromic probands, respectively, 

whilst missense and splice-siting mutations are found more 
rarely (5-13%)9,20. Strikingly, 65-80% of these mutations 
are predominantly located in exons 1, 2 and 7, howbeit they 
can be scattered out along the whole coding area9,16,18,20. 
Also, as it has been shown by numerous studies, in 1/3 of 
the cases a gross deletion of whole exons, that might even 
expand beyond CDC73 gene, is observed, yet without being 
necessarily linked to more severe clinical features11,23,27–32.

It is suggested that over 80% of these mutations induce 
premature truncation of parafibromin by creating a stop 
codon, resulting in functional loss of the protein8,11,27,33. 
In fact, Wei Sun et al point out that most pathogenic 
mutations, especially the missense ones, disrupt the folding 
or thermostability of N-Terminal Domain (NTD) of CDC73, 
leading to a short non-functional protein21.

However, as Li et al assert in a very recent cohort study, 
not all mutations draw the same impact on the functionality 
of parafibromin but instead, they can be distinguished into 
“high and low impact” mutations12. Indeed, it has been 
underscored by several studies and reviews that mutations 
causing gross disruption of parafibromin’s structure 
(frameshift, nonsense, deletions) are more likely to be 
associated with classical features of HPT-JT syndrome and 
development of PC, whereas more rare mutations (missense) 
are linked to other pHPT syndromes without typical features 
(FIH)5,7,8,12,15,23,25.

Penetrance-expressivity

All research advocates that the penetrance of the 
syndrome is incomplete and it usually ranges from 70% to 
95%7,8,25,29,30,34. That means approximately 10-30% of the 
probands bearing a CDC73 germline mutation will lack any 
clinical feature related to the syndrome5,9,18,33. Recent cohort 
studies in affected families demonstrated that penetrance 
seems to increase with age and, more specifically, it is 
formulated as follows: 25-30 years old: 15%, 40-50 
years old: 60%, 70 years old: 85%4,25. Intriguingly, for 
reasons unknown, it appears to be slightly more increased 
in females17.

Expressivity of the syndrome is variable and, to date, 
an unequivocal phenotype-genotype correlation has not 
been established4,7,8,18,23–25. A prominent example is the 
case currently described by Le Collen et al, where two 
monozygotic twins manifested a completely contrasting 
expression, with the first suffering from acute hypercalcemia 
and renal failure, whilst the second presented almost normal 
serum calcium levels25.

Knudson two-hit hypothesis

As it has already been mentioned, CDC73 is a tumor 
suppressor gene and HPT-JT syndrome ensues from 
germline mutations in it7. Consistent with Knudson two-hit 
hypothesis, biallelic inactivation is entailed for tumorigenesis. 
Indeed, it seems that the first germline mutation achieves 
a predisposition to the neoplastic progression, whilst a 
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subsequent second hit, that affects the normal allele and 
leads to loss of heterozygosity, is necessary for the ultimate 
tumors’ development5,7–9,23,25,28,34,35.

Clinical features
Primary hyperparathyroidism

Hyperparathyroidism is the salient manifestation of 
the syndrome and is found in 80-100% of the affected 
probands1,4,7,8,25,29,33,36. At variance with the other inherited 
forms of pHPT that are due to multiglandular involvement, a 
single gland parathyroid adenoma is detected in 80-95% of 
the syndromic patients8,9,25,29,35. Histologically, parathyroid 
adenomas related to the syndrome tend to show microcystic 
changes16. Multiple synchronous parathyroid tumors, in 
contrast to what was previously believed, are more rarely 
observed with the percentage ranging from 13% to 30%, 
even though it has been underscored that the majority of the 
patients will ultimately develop multiglandular disease, in 
the long term8,16,25,29,35. Hyperparathyroidism might, also, be 
the symptom of PC in a meaningful percentage (15-23%) of 
patients with the syndrome5,15,25.

Notwithstanding the fact that pHPT typically affects 
people of the 5th-6th decade of life, in HPT-JT syndrome it is 
usually revealed in late adolescence or early adulthood with 
a median age of diagnosis in 32 years2,4,6,8,26,33. Of course, 
from studies conducted in families with the syndrome, there 
is a variation in the age of onset between 13 and 38 years, 
whilst the earliest age reported is 7 years4,10,16,18,23,25,35,37. 
Notably, it appears to occur with the same frequency in both 
sexes and not predominantly in females, as is the case in 

sporadic cases23.
pHPT in HPT-JT syndrome is usually mild and appears 

as a prolonged moderate hypercalcemia, that might even 
go unnoticed, with the total serum calcium levels ranging 
below or equal to 12 mg/dL7,8,14,29,32. However, in case of 
multiglandular involvement, calcium levels might exceed 
the limit of 12 mg/dL, whilst, in presence of PC, a severe 
hypercalcemic crisis with nausea, vomiting, fatigue and 
bone pain can be observed15,23,30,35,38. Mehta et al, typically, 
report a shooting in calcium levels to 13,1 mg/dL in patients 
with PC compared to those with benign parathyroid disease 
(11,7 mg/dL)29. In a recent cohort study, Le Collen et al 
accentuate that the intensity of HPT is unpredictable, as they 
observed in patients with HPT-JT syndrome and single gland 
involvement a rapid deterioration of calcium levels above 12 
mg/dL (12,5±2,8 mg/dL)25.

Finally, in about 25% of patients that underwent selective 
parathyroidectomy for benign parathyroid adenoma, a 
metachronous recurrent pHPT might be observed, years after 
being disease-free, due to a novel single-gland parathyroid 
neoplasm8,14,16,37,38.

Jaw tumors

In spite of the denomination of the syndrome, jaw 
tumors are found in approximately 30-40% of the affected 
patients7,14,19. These are called ossifying fibromas and, by 
definition, are benign, slow growing masses that histologically 
consist of avascular fibroblastic stroma with spindled 
neoplastic cells that produce various amounts of aberrant 
mineralized and cementum-like material (Figure 1)19,22. In 

Figure 1. Histological image of ossifying fibroma of the jaws. Area of 
cellular fibrous tissue with focal deposits of newly formed abnormal 
bone-like material. 

Figure 2. Clinical presentation of ossifying fibroma in the left posterior 
mandible in a young male. Expansion of the buccal plate leading to 
facial asymmetry. 
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contrast to the sporadic variants that are usually revealed 
after the 4th decade of life, ossifying fibromas related to the 
syndrome have an average onset age of 30 years19,26,39. In 
fact, the earliest age reported is 10 years19. CDC73 gene 
mutations are rarely found in sporadic fibromas and seem 
to play a minus role in their initiation, whereas the vast 
majority of syndromic-related jaw tumors (80%) is positive 
for genetic mutations19,26,40. Li et al, interestingly, highlight 
that probands harboring a high-impact germline mutation 
present a higher risk of developing ossifying fibromas than 
those with low-impact mutations12.

Clinically, ossifying fibromas might cause a firm, hard 
swelling of the buccal and lingual bones of the mandible or 
maxilla leading to apparent facial asymmetry and deformity, 
whilst, in other cases, an indolent bone tumefaction might be 
faintly observed (Figure 2)3,11,26,39. Given the fact that ossifying 
fibromas demonstrate a strong tendency to keep enlarging 
(>10 cm), if left untreated, in addition to cosmetic issues, 
they can lead to dentition disruption, breathing difficulties, 
pain and paresthesia to teeth and lips due to pressure to 
adjacent structures such as the inferior alveolar nerve8,14,26. 
Radiologically, these tumors are usually presented as 
well-circumscribed radiolucent lesions with a sclerotic rim 
opposed to sporadic variants that are commonly displaying 
a mixed (radiolucent/opaque) appearance (Figure 3)8,11,39,40. 
Additionally, they can be bilateral and/or multifocal8,26.

In terms of origin, they seem to derive from the 
mesenchymal blast cells of the periodontal ligament and 
this is amplified by the fact that fibromas related to the 
syndrome are confined exclusively to the areas of molars and 

premolars and never appear in the angle or ascending ramus 
of the mandible (where no teeth are bearing)5,19. Mandible is 
affected in an overwhelming percentage of 70%, maxilla in 
20% and both in 10% of observed cases19. It is of utmost 
importance to emphasize that jaw tumors, in about 25% of 
cases, may precede the manifestation of HPT. On one hand, 
this indicates the genetically independent development of 
these two symptoms, but on the other, raises the attention 
of clinical practitioners for misleading the diagnosis19,26. 

Finally, complete treatment is only achieved through 
surgical resection of the tumors or through encapsulation 
for smaller lesions11. Differential diagnosis from brown 
tumors is based on the fact that ossifying fibromas do not 
resolve after correction of hyperparathyroidism5,7,19,26. 
Notwithstanding the almost zero possibility of malignant 
degeneration (<0,5%), a long-term follow up is strongly 
recommended, given the risk of recurrence especially in 
younger patients14,26,39.

Parathyroid carcinoma

Patients with HPT-JT syndrome appear to have an 
increased lifetime risk of developing PC, compared to other 
inherited forms of pHPT, with the probability ranging from 
15% to 20%4,8,23,24,36. Should we take into account that 
PC is the cause of less than 1% of all cases of pHPT, then 
the existence of a strong association can be reasonably 
hypothesized between these disorders15. Indeed, studies 
have shown that up to 70% of sporadic PCs harbor a somatic 
mutation in CDC73 gene, whilst in 1/3 of cases, germline 
mutations are revealed16,28,41,42. This, strikingly, means 20-
30% of patients with sporadic PC bear a germline mutation 
and, hence, there is a severe chance of suffering from 
undiagnosed HPT-JT syndrome15,16,20,28,37,41,42.

For these reasons, according to the most recent directions 
from the World Health Organization (WHO), it is strongly 
recommended that all individuals with PC and their relatives, 
should be offered genetic screening for mutations in CDC73 
gene13,36,37. In addition, newer data suggest that probands 
carrying frameshift or nonsense mutations are seven-times 
more likely to develop PC than those carrying missense ones, 
but without an unequivocal phenotype-genotype correlation 
having been established5,12.

There are no specific clinical criteria for diagnosis of PC 
as it is usually confirmed histologically after surgery, but 
compared to benign tumors, there are some features raising 
suspicion:
-  Persistent hypercalcemia with total serum Ca+>12 mg/dL 

(>3 mmol/L).
-  Markedly elevated PTH levels 3-10 times above normal 

limit.
- Parathyroid lesion greater than 3 cm.
- Palpable cervical mass.
-  Concomitant general symptoms (cachexia, weakness, 

fatigue), renal lesions (nephrolithiasis) and skeletal 
manifestations (bone pain)14,15,20,41,42.

Figure 3. Radiographic image of ossifying fibroma in the right posterior 
area of the mandible. A well-demarcated unilateral lucent lesion (white 
arrows) without destructive features or root resorption can be seen in 
the area of molars-premolars.
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Of course, clinical doctors should also keep in mind 
the very scarce cases of non-functional PCs (<2%) as well 
as atypical adenomas, which are able to induce similar 
symptomatology15,41. The youngest syndromic patient 
reported for developing PC is 8 years old and thus, genetic 
testing from an early age (<10 y.o.) should be considered1.

In patients with HPT-JT syndrome that have undergone 
surgery (en bloc resection) for PC, a long term follow up is 
indispensable, as recurrence has been observed in 66% 
of these patients, over a period of 16 years (variation 
>50%)15,38,42,43.

Uterine tumors

Neoplastic uterine lesions are the second most common 
manifestation of HPT-JT syndrome and are found in 50-
75% of the affected women8,14,18,23,33,44. A range of uterine 
pathology has been reported including benign tumors such 
as adenofibromas, leiomyomas, adenomyomatous polyps, as 
well as endometrial hyperplasia and ademyositis8,9,14,16,30,45,46. 
Adenosarcomas have also been observed in a subset of adult 
female carriers8,23,45. Interestingly, these lesions seem to 
share a common embryologic origin with the Mullerian duct 
system7,8,35,45,46. In addition to uterine neoplasms, affected 
women appear to undergo hysterectomy from an early age 
(<35 y.o.) due to persistent menorrhagia, whilst multiple 
miscarriages and an impaired ability to bear children, 
compared to unaffected female siblings, are frequently 
described5,14,45.

Despite the fact that there are no guidelines for regular 
gynecological screening for those carrying a CDC73 germline 
mutation, a lifelong monitoring with routine care and pelvic 
ultrasound, starting from reproductive age, is strongly 
recommended. This aims to not only achieve a reduction to 
morbidity and mortality but also increase the chances of the 
affected women to bear children5,8,46.

Renal lesions

Renal manifestations related to HPT-JT syndrome are 
more rarely described and are found in 15-20% of the 
affected probands11,18,23,25,35. The presence of multiple renal 
cysts leading to polycystic disease seems to be the most 
common feature of renal involvement8,14,16. A variety of 
kidney tumors has also been reported including hamartomas, 
Wilms tumors, renal cell carcinoma, mixed epithelial and 
stromal tumors (MEST)7,9,16,33,44. In regards to the latter, 
notwithstanding the fact that they are poorly reported, it 
is suggested that they might be associated with a specific 
CDC73 missense mutation implying a potential phenotype-
genotype correlation5,47. Given the chance of MEST to 
undergo malignant transformation, the early identification 
and management of HPT-JT syndromic patients with renal 
involvement is of utmost importance47.

Lastly, taking into consideration that the affected probands 
are at a lifetime risk of developing multiple bilateral kidney 
lesions, a nephron-sparing surgery rather than a radical one 
should be opted for, so as to preserve renal function8,47.

Other associated features

A variety of other human neoplasms have also been 
described in patients with HPT-JT syndrome, howbeit 
it remains unclear whether they are at higher risk of 
developing these tumors compared to the general 
population7,8. Pancreatic adenocarcinoma, testicular germ 
cell tumors, thyroid papillary carcinoma, colon cancer, 
cholangiocarcinoma, chronic lymphatic leukemia and 
pituitary cysts are some uncommon neoplasms that have 
been observed in HPT-JT syndrome7,8,14,16,25,35.

 Furthermore, it has been underscored that gross deletions 
expanding beyond the 1q25-32 region, where the CDC73 
gene is located at and, hence, affect other genes, may be 
associated with development delay syndromes in children. 
However, these observations have been made in only two 
case reports so far and, thus, more research is required 
in order to elucidate whether there is a true association 
between development delay and children bearing a CDC73 
gene deletion31,32.

Diagnosis
Genetic test

Diagnosis can be achieved only via genetic screening for 
mutations in CDC73 gene and this remains the gold standard 
for corroborating the existence of HPT-JT syndrome8,14. 
According to the last consensus of the European society of 
Endocrine Surgeons (ESES) the following indications should 
raise the suspicion of the clinical doctor and should prompt 
genetic testing:
- Patients with sporadic pHPT and age <35-40 years old.
-  Patients who have at least one first or second degree relative 

with familial pHPT, after exclusion of MEN1 syndrome.
-  Ossifying fibromas of the jaws, uterine tumors and renal 

lesions, with or without coexistence of hyperparathyroidism.
-  Histological findings of cystic or atypical changes of 

parathyroid adenomas or diagnosis of PC.
-  Parathyroid tumors negative for parafibromin 

immunohistochemical (IHC) staining.
-  Multiglandular disease and persistent recurrence of 

pHPT2,4,7,8,15,25,32.

It has been suggested that genetic testing should start 
before the age of ten, as the youngest patient reported 
with HPT-JT syndrome, so far, is 7 years old8,9,25,29. It is 
important to stress that if direct DNA sequencing for point 
mutations is negative in an individual suspicious for CDC73 
germline mutations, the deployment of more advanced 
techniques (qPCR) for detection of whole gene deletion is 
crucial23,24,27,28,32.

Benefits of genetic analysis are multiple as it provides 
the opportunity of early diagnosis and facilitates the 
management of subsequent manifestations associated 
with HPT-JT syndrome. Also, it promotes the enrolment of 
relatives in a long-term follow-up regime leading to early 
identification of family members at risk6,18. Should we take 
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into account that, according to Newey et al, first degree 
relatives have 50% chance of developing HPT-JT syndrome-
related tumors, then, we can easily conclude that early 
genetic screening is of paramount importance9.

Parafibromin IHC staining

Absence of nuclear parafibromin expression via IHC 
staining, has been proposed as a cost-effective diagnostic 
tool for indirectly recognizing patients with HPT-JT 
syndrome7,8,29. “Parafibromin deficient parathyroid 
neoplasms” is a newly inserted term that, according 
to 2022 WHO classification, refers to parathyroid 
tumors with complete absence of nuclear parafibromin 
immunoreactivity13. In fact, these neoplasms demonstrate 
distinctive morphologic features such as eosinophilic 
cells, a sheet-like rather than acinar growth pattern, a 
thick capsule and vascular space invasion13,37. Negative 
nuclear parafibromin staining is associated with underlying 
CDC73 biallelic inactivation and, therefore, should raise the 
suspicion for HPT-JT syndrome, leading to further molecular 
testing13,29,37. On the other hand, cytoplasm expression has 
no relation with the mutational status and overexpression in 
it could mask the loss of nuclear expression10.

It is suggested that high impact mutations ensue diffuse 
loss of parafibromin nuclear expression, whilst some low 
impact mutations can result in preserved parafibromin 
expression, yet causing pathological phenotypes. Therefore, 
despite the fact that IHC method could lead to missed 
diagnosis of a small proportion of low impact mutations, 
positive IHC staining should not exclude the possibility of an 
underlying CDC73 inactivation10,12,13.

Surveillance

Patients that have been diagnosed with HPT-JT syndrome 
via genetic screening, should be deliberately subjected 
to a regular, life-long monitoring regime25. Given the risk 
of developing a variety of human neoplasms, the high 
recurrence rates of pHPT (25%) and, even, the lofty likelihood 
of parathyroid malignancy (20%) metachronously8,15,35, a 
surveillance program should include the following:
-  Evaluation of serum calcium levels, PTH, vitamin D and 

creatinine every 6-12 months.
-  Occasional ultrasound examination of the parathyroid 

glands.
-  Dental imaging with panoramic X-ray at least every 5 years.
-  Renal ultrasound examination or magnetic resonance 

imaging every 5 years.
-  Regular gynecologic care with pelvic ultrasound 

examination, starting from reproductive age7,8,14,29,32.

Discussion

HPT-JT syndrome is a rare genetic disorder belonging 
to the inherited forms of pHPT and is characterized by 
the development of neoplastic lesions in tissues other 

than parathyroid glands. Ossifying fibromas of the jaws, 
uterine tumors and renal cystic lesions are manifestations 
that may appear concomitantly with the main symptom of 
hyperparathyroidism and may, even, create a differential 
diagnostic issue in the clinician. Additionally, more and more 
recent research has indicated the potential association of 
parathyroid malignancy with somatic and germline mutations 
in CDC73 gene, suggesting a higher risk of syndromic 
probands developing PC, compared to the other inherited 
forms of pHPT. This lifetime risk reaches 20%.

Therefore, despite the scarcity of HPT-JT syndrome, 
knowledge of the genetic background and its clinical 
manifestations is crucial, as it highlights a significant tool 
in the quiver of clinical doctors; genetic screening. Through 
screening, early diagnosis and identification of both patients 
and their relatives that may harbor mutations in CDC73 
gene is rendered feasible. Furthermore, genetic testing 
from an early age(<10 y.o.) facilitates the management of 
syndrome-related neoplasms and promotes the enrolment 
of carriers, especially the young ones, in a long-term follow-
up regime. Prevention of PC, timely surgical treatment of 
jaw tumors, reduction of morbidity due to uterine tumors 
and maintenance of renal function should be the primary 
purposes in the management of families suffering from HPT-
JT syndrome.

Lastly, after appropriate surgical treatment of parathyroid 
tumors, the subsumption of patients in a lifelong surveillance 
program should be considered essential, as recurrence of 
hyperparathyroidism due to metachronous parathyroid 
tumors has been observed in up to 25% of the operated 
probands.
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