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Abstract

Introduction: Primary hyperparathyroidism (PHPT) is a rare condition in the pediatric population. Parathyroid carcinoma (PC) is
a very uncommon cause of PHPT, accounting for < 1% of pediatric PHPT cases. It is challenging to distinguish between parathyroid
adenoma (PA), the most common cause of PHPT, and PC. In this report, we described a young female who presented with a history
of progressive limping and was finally diagnosed with PC.
Case Presentation: A 15-year-old girl presented with progressive limping and bone pain for 8 years. She was referred by an or-
thopedic surgeon because of elevated intact parathyroid hormone (iPTH) for further evaluation. Physical examination revealed a
large, firm, and non-tender neck mass, left hip tenderness, and limited range of motion. The initial biochemistry tests showed a
borderline high calcium level of 10.8 mg/dl, an elevated iPTH level of 2876 pg/mL, and a decreased phosphorus level of 2.4 mg/dL.
The 99mTechnetium (Tc) sestamibi scan displayed early intense activity in the right thyroid lobe persisting in the three-hour repeat
scan, compatible with a parathyroid lesion. The patient underwent right-sided neck exploration and parathyroidectomy. Intraop-
erative and pathology findings confirmed the diagnosis of PC. Immunohistochemistry (IHC) staining revealed creatine kinase (CK)
and CD31 in endothelial cells of the tumor. Ki67 staining was also positive in 2% - 3% of tumor cells. The whole exome sequencing
(WES) study was negative for cell division cycle 73 (CDC73) and multiple endocrine neoplasia 1 (MEN1) genes.
Conclusions: PC should be considered as a differential diagnosis of PHPT in the pediatric population, even in the presence of mild
hypercalcemia.
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1. Introduction

Primary hyperparathyroidism (PHPT), characterized
by hypercalcemia due to excessive parathyroid hormone
(PTH) secretion, is now recognized as the third most com-
mon endocrine disorder in the adult population (1), with
a prevalence of 8 in 1000 in the general population (2).
On the contrary, PHPT is a very rare condition in the pedi-
atric population, with an estimated incidence of 2 - 5 cases
per 100,000 people (1, 3). Furthermore, young patients
with PHPT usually present with clinical signs and symp-
toms of hypercalcemia, including fatigue, anorexia, vomit-
ing, skeletal disorders, and renal stone, whereas adult pa-
tients are often asymptomatic (1, 4).

Approximately 80% of pediatric PHPT cases result from

PAs (5). Other causes include different genetic syndromes,
namely multiple endocrine neoplasia 1 (MEN1), MEN 2A,
hyperparathyroidism-jaw tumor syndrome (HPT-JT), and
familial isolated hyperparathyroidism (FIHP) (6). PC is a
rare cause of PHPT (< 1%), with only a few case reports de-
scribing this carcinoma in pediatric PHPT cases (5-8). The
challenging issue is to distinguish between PA and its rare
malignant counterpart. The diagnosis of carcinoma is of-
ten made histologically, after a local recurrence, or when a
distant metastasis is present (2, 5, 9).

In this report, we described a young female who pre-
sented with a history of progressive limping and was even-
tually diagnosed with PHPT due to PC.
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2. Case Presentation

A 15-year-old girl presented with a history of progres-
sive limping for 8 years. Another symptom was diffuse
bone pain for 3 years. Family and drug histories were unre-
markable. On physical examination, a large, firm, and non-
tender mass was palpable in the right thyroid lobe. Left hip
range of motion was limited in all directions, both actively
and passively, and tenderness was present on left femoral
head palpation. The rest of the physical examination was
normal.

Biochemical tests were performed and initial labora-
tory test results were as follows: serum calcium: 10.8
mg/dL (range: 8.5 - 10.5 mg/dL); phosphorus: 2.4 mg/dL
(range: 2.9 - 5.1 mg/dL); iPTH: 2876 pg/mL (range 15 - 65
pg/mL); 25-hydroxy vitamin D3: 13.76 ng/mL (range 15 - 65
ng/mL); thyroid-stimulating hormone (TSH): 3.11 µIU/mL
(range 0.51 - 4.34 µIU/mL); and alkaline phosphatase (ALP):
7410 IU/L (range: 180 - 1200 IU/L). While PHPT could be as-
sociated with other endocrinopathies, the complementary
evaluations, such as insulin-like growth factor-1 (IGF-1) and
prolactin measurements were done (Table 1).

The plain pelvic radiography demonstrated a left
femoral neck fracture. Spine radiography displayed wedge
fractures at thoracic and lumbar spine levels (Figure 1).
Bone mineral density (BMD) showed low bone density
(lumbar spine’s Z-core: -3.7). According to the above-
mentioned test results, including elevated PTH, borderline
high serum calcium, decreased phosphorus, and elevated
ALP, primary hyperparathyroidism was considered as the
most probable diagnosis.

Dual-phase sestamibi scintigraphy was performed for
the patient after intravenous (IV) injection of 540 MBq of
99mTc-MIBI. The early scan images (at 20 minutes) revealed
high thyroid uptake in the right lobe with a suppressive ef-
fect on the left side. Increased radiotracer uptake was seen
in the right lobe without proper washout on delayed im-
ages, which was higher and larger than is expected with
PAs (Figure 2A). A thyroid scan was also done two days later,
after IV injection of 185 MBq of 99mTc from the anterior
view to rule out a thyroid nodule. This scan revealed a focal
decreased uptake in the upper pole of the right lobe, which
was smaller compared with the finding of the parathyroid
scan (Figure 2B). The discrepancy between the two scans
led to further investigation into the underlying pathol-
ogy. Neck ultrasound revealed an enlarged right thyroid
lobe compatible with intra-lobar necrosis and echogenic
regions with the approximate size of 20 mm compatible
with the parathyroid gland (Figure 3A and B).

The patient was referred to an experienced surgeon for

neck exploration and parathyroidectomy. She underwent
open surgery. The parathyroid mass had infiltrated to the
surrounding thyroid tissue; hence, right thyroidectomy,
isthmectomy, and right inferior parathyroidectomy were
performed. The remaining parathyroid glands were exam-
ined during the operation and were normal. She experi-
enced hungry bone syndrome postoperatively, which was
managed appropriately. Finally, serum calcium and iPTH
levels decreased to a level of 8.7 mg/dL (8.5 - 10.5 mg/dL) and
24 pg/mL (15 - 65 pg/mL), respectively. The operative phos-
phorus level was 2.3 mg/dL.

Gross histopathologic examination revealed a well-
defined cream-colored mass measuring 2.5 × 1.5 × 1.0 cm.
IHC helped with the confirmation of diagnosis (Figure 4).

Histologic examination showed uniform chief cells
presenting as nodules and sheet growth with proliferated
blood vessels that were separated by a broad fibrous cap-
sule from the adjacent thyroid tissue. The tumor had in-
vaded the capsule and blood vessels. IHC staining for CD34
confirmed vascular invasion. IHC was also diffusely posi-
tive for CK in the tumor and tumor cells attached to en-
dothelial cells. Ki67 was also positive in 2% - 3% of tumor
cells. However, other markers, such as CD45, thyroid tran-
scription factor 1 (TTF-1), and Pax5 were negative (Figure 5A-
G).

Whole exome sequencing (WES) study was done for
the assessment of familial hyperparathyroidism and MEN1.
The genetic study demonstrated no mutation in CDC73 and
menin genes. However, there was an incidental mutation
in the breast cancer 1 (BRCA1) gene.

We performed an extensive search using different
databases, including Medline, PubMed, Scopus, ScienceDi-
rect, and Google Scholar to find all published cases of PC
in children and adolescents. We used the following com-
bination of keywords: parathyroid carcinoma or parathy-
roid cancer or parathyroid neoplasm or parathyroid malig-
nancy, and pediatrics or child or adolescent or boy or girl.
We could find 16 papers reporting 17 cases of pediatric PC
from 1972. Table 2 summarizes the published papers.

According to these reports, the male to female ratio
was 0.6. The youngest and oldest patients were 8 and
16 years old, respectively. The most common initial pre-
senting symptoms were related to hypercalcemia, includ-
ing anorexia, vomiting, polyuria, polydipsia, fatigue, bone
pain, and renal calculi. Sixty percent had a palpable neck
mass. Nearly 50% had skeletal involvement, including frac-
ture and deformity. Only three patients had experienced
weight loss. Pancreatitis was a rare condition diagnosed in
one case. Nearly 20% had metastasis, most common sites
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Table 1. The Patient’s Biochemical Tests

Basic Lab Results Result Reference Range

Calcium, mg/dL 10.8 8.5 - 10.5

Phosphorus, mg/dL 2.4 2.9 - 5.1

Alkaline phosphatase, IU/L 7410 180 - 1200

iPTH, pg/mL 2876.0 15 - 65

BUN, mg/dL 3.7 5.5 - 23

Urea, mg/dL 8 30.8 - 48.1

Creatinine, mg/dL 0.54 0.5 - 1.4

25-hydroxy vitamin D3, ng/mL 13.67 < 10: deficient; 10 - 30: insufficient; 30 - 100: sufficient; 100 - 150: overdose; > 150: intoxication

TSH, µIU/mL 3.11 0.51 - 4.34

Random urine calcium, mg/dL 15.70 0.5 - 35.7

Random urine creatinine, mg/dL 69.81 16 - 327

Random urine Ca/Cr ratio 0.225 < 0.14 : Normal; > 0.2 : Hypercalciuria

Insulin-like growth factor 1 (IGF1), ng/mL 153 12 – 15 y: 115.4 - 498.2

Prolactin, µIU/mL 414.40 102 - 496

Figure 1. A, Pelvic plain radiography shows femoral neck fracture; B, thoracic and lumbar spine pain radiography demonstrated vertebral wedge fracture.

were lung and cervical lymph nodes, and all cases with pul-
monary involvement had experienced relapse and hyper-
calcemia after the initial operation. The range of serum cal-
cium and iPTH was 12 - 20.7 mg/dL and 300 - 8638 pg/mL,
respectively. IHC had been reported in two cases, which

were both positive for parafibromin (6). Three cases had
deletion mutation of CDC73, and another case was negative
with regard to menin gene mutation. Three patients had
a positive family history of primary hyperparathyroidism.
There was no predominant tumor location site at the neck.
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Figure 2. A, Parathyroid sestamibi scintigraphy in early (20 min) and delayed (1 and 3 hr.) phases; B, thyroid scintigraphy two days after parathyroid scan

3. Discussion

Here, we presented an extremely rare endocrine dis-
ease. The aforementioned case was a girl who presented
with longstanding limping and bone pain. The comple-
mentary examination revealed a palpable right neck mass
and left hip fragility fracture.

Little evidence exists with regard to PC in pediatrics
compared with adults; therefore, our review is mostly
based on adult PC. This review article focused on the epi-
demiology, etiology, pathogenesis, clinical presentation,
diagnosis, management, and prognosis of PC.

The estimated incidence of PHPT in children is 2 - 5
cases in 100,000. PC is responsible for less than 1% of the
PHPT causes (1-3). It is considered an extremely rare malig-
nancy among endocrine malignancies. The estimated in-
cidence and prevalence of PC are 0.015 per 100,000 pop-
ulation and 0.005%, respectively (21). In most adult stud-
ies, PC accounts for less than 1% of PHPT cases; however, in
Japan, Europe, and the United States, it is responsible for
0.017% to 5.2% of adult patients with PHPT (21, 22). There
appears to be a female predominance; nonetheless, the re-
ported cases of PC in the pediatric population are limited.
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Figure 3. A, Ultrasonography shows large thyroidal nodule; B, intra nodular hyper and hypoechogenesity

Figure 4. Parathyroid gland and right thyroidal lobe

According to a meta-analysis, the pathophysiology of
PHPT is different in adults and children. This may be due
to increased sensitivity to iPTH at the level of target tissues
and decreased negative feedback of the parathyroid gland
to calcium (1).

The exact etiology and pathogenesis of PC are unclear.
PC occurs sporadically. Although neck irradiation could be
a risk factor for PAs, its role is less clear in PC (23). End-stage
renal disease (24), underlying parathyroid hyperplasia, or
adenoma are the uncommon causes (25).

Another form of PC is familial, which can occur in HPT-
JT and FIHP. Besides, MEN1 and MEN 2A are rare causes of PC
(6, 23).

A genetic marker associated with PC is the CDC73 gene
that encodes parafibromin. It is related to HPT-JT and FIHP
and is found in up to 80 % of sporadic PC cases. Other ge-
netic markers include cyclin D1, retinoblastoma 1 (RB1), and
BRCA2, which are abnormally expressed in some parathy-
roid cancers (26). Mutated MEN1 and rearranged during
transfection (RET) genes have been shown in MEN1 and
MEN2A syndromes, respectively. Yet, less than 0.01% of
MEN1-related parathyroid tumors are malignant (27).

Of note, most cases of PC are functional and almost
all of them are symptomatic (e.g. polyuria, polydipsia,
anorexia, vomiting, weakness, weight loss, and neurocog-
nitive signs or symptoms related to hypercalcemia and el-
evated PTH) (23). The review of the pediatric population
with benign PHPT showed that children and adolescents
are more often symptomatic than adults at the time of di-
agnosis. Besides, they present with more end-organ man-
ifestations compared with adults (7). Nonfunctional PC is
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Figure 5. A, Vascular invasion in parathyroid carcinoma. Tumor cluster within the blood vessel lumina. (H & E, original magnification 200×); B, proliferated blood vessels
in parathyroid carcinoma (H & E, original magnification 400×); C, uniform tumor cells presented as sheet (H & E, original magnification 200×); D, broad fibrous capsule
invaded by tumor cells; E, nodules of tumor cells and fibrous band (H & E, original magnification 400x); F, CK positive in tumoral cells (IHC, original magnification 200×); G,
CD34 is positive in blood vessel endothelium (orange arrow) which invaded by tumor cells (black arrow) (IHC staining, original magnification 200×).

an atypical presentation and accounts for less than 10% of
PCs. It often presents as a palpable cervical mass that can
compress the surrounding structures and cause hoarse-
ness and/or dysphagia (28).

Although benign PA is the most common cause of PHPT
and it is difficult to distinguish between carcinoma and

adenoma prior to parathyroidectomy, some remarkable
clinical and biochemical clues can guide the clinician to
suspect PC as a cause of PHPT. These include male gender,
an average age of 50 years at the time of diagnosis (28), and
serum calcium greater than 14 mg/dL or 3 - 4 mg above the
upper limit of the normal range. PTH level is more than
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Table 2. Published Cases of Pediatric Parathyroid Carcinoma From 1972 to 2020

Case No Reference Year Age/Sex FH of HPT Symptoms and
Signs

Ca/iPTH(before
initial

operation)

Location Size, mm Metastasis/Relapse Follow-up IHC/Genetic
Analysis

1 (9) 1972 16/F NA Anorexia,
vomiting, renal
calculi

15.6/2000 Left upper
parathyroid gland
and thymus

NA Yes/no Normocalcemia NA/NA

2 (9) 1977 13/F NA Bone pain,
weakness, neck
mass

15.6/NA Right upper
parathyroid gland

NA Yes lung/yes Hypercalcemia NA/NA

3 (7) 1973 13/NA NA NA NA NA NA NA NA NA/NA

4 (10) 1984 15/M NA Epigastric pain,
nausea, vomiting,
lethargy, seizures,
pancreatitis

16.0/800 Left lower
parathyroid gland

20 × 20 No NA NA/NA

5 (11) 1993 14/M Yes Bone
disease,myopathy,
polyuria,
polydipsia

13.2/3328 Right lower
parathyroid gland

30 × 35 No Normocalcemia NA/NA

6 (12) 1999 15/M NA Neck mass,
vomiting, fatigue,
weight loss

20.7/358 Left lower
parathyroid gland

30 × 20 × 10 No Normocalcemia NA/NA

7 (13) 2002 8/F Yes Renal calculi,
lethargy,
anorexia, neck
mass

14.3/190 Left lower
parathyroid

15 × 10 × 10 No Normocalcemia NA/MEN1 analysis
negative

8 (14) 2009 10.5/M Yes anorexia, fatigue,
and knee pain

15.5/300 Ectopic
(mediastinal)

NA Local invasion to
thymus

Normocalcemia NA/NA

9 (15) 2011 14/F No Polyarthralgia,
myopathy,
deformities,
depression

14.3/2792 Right lower
parathyroid gland

25 No Normocalcemia NA/NA

10 (16) 2012 13/F No Asymptomatic
neck mass

12/8638 Right thyroid 35 × 30 × 20 Yes/Lung Hypercalcemia NA/NA

11 (17) 2012 11/M NA Legs’ Bowing NA/1630 Right lower
parathyroid gland

NA No Normocalcemia NA/NA

12 (18) 2015 10/F NA Abdomeninal
pain, difficulty in
walking,
extremities
deformities

12.2/2217 Left parathyroid
gland

NA NA NA NA/NA

13 (5) 2016 13/F No Anorexia, fatigue,
vomiting,
anhedonia, back
pain,polydipsia,
weight loss,
Pathological
fracture, renal
calculi

20.5/1068 Neck NA Yes, cervical
nodes, lung

Hypercalcemia NA/heterozygous
partial deletion of
CDC73

14 (8) 2016 14/F No Pathological
slipped capital
femoral epiphysis,
neck mass

13.4/1013 Left lower
parathyroid gland

33 × 30 × 13 No No HRPT2/CDC73
germline
mutation

15 (19) 2019 15/F No Fatigue, fever,
bone pain, neck
mass

15.7/1170 Right upper
parathyroid gland

38 × 18 × 17 No Normocalcemic Menin muta-
tion:negative
Galectin3,P TH
were positive,
Ki67 was 12.5%

16 (6) 2019 16/M No Non-healing
fracture, neck
mass, short
stature, calculi

15.61/2028 Right lower
parathyroid gland

30 × 30 × 2.5 No NA Sparse
parafibromin
nuclear stain-
ing/heterozygous
deletion of CDC73

17 (20) 2020 13/F No bilateral genu
varum and signs
of hip
impingement

15.4/980 Right lower
parathyroid gland

23 × 13 × 16 No Normocalcemic Negative

18 15 Our casea 2020 15/F No Limping, bone
pain, neck mass,
hip fracture

10.8/2876 Right lower
parathyroid gland

25 × 15 × 10 No Normocalcemia Ki67 positive in 2 -
3 %, CK And
CD31/BRCA1 was
an incidentally
finding

Abbreviations: FH, family history; HPT, hyperparathyroidism; IHC, immunohistochemistry; NA, not available.
a Our case, Ca measured in mg/dL iPTH measured in pg/mL.

twice and is often 3 - 10 times higher than the normal limit
in PC; however, it is less than twice the normal upper limit
in PA. Clinically, PC patients often have both kidney and
bone manifestations at diagnosis (i.e., nephrolithiasis, re-

nal failure, renal colic, bone pain, pathological fractures,
and osteitis fibrosa cystica) (23). Significant elevation in to-
tal serum alkaline phosphatase, which is a marker of syn-
chronous skeletal and kidney involvement, is often seen
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in patients with HPT/JT and/or cases belonging to a fam-
ily with HPT/JT syndrome. Ultrasonographic features of
an extrathyroidal neck lesion, invasion to the adjacent tis-
sue, local invasion, and metastases found intraoperatively
or on parathyroid sestamibi scintigraphy and/or on com-
puted tomography scans preoperatively, unilateral vocal
cord palsy and/or a palpable neck mass, and concomitant
hypercalcemia are other signs of PC (29). Pancreatitis, ane-
mia, and peptic ulcers are other rare manifestations (23).

Studies have shown that human chorionic go-
nadotropin (hCG) and its malignant hyperglycosylated
isoform are found in serum and urine of PC patients.
However, further studies should be done to establish the
clinical value of these findings (28).

Surgery is the treatment of choice, and the best
method is en bloc excision with ipsilateral thyroid lobec-
tomy and removal of involved lymph nodes; however, en
bloc excision is only performed in 12% of cases (23). Dur-
ing the surgery, it is advised to examine all four glands be-
cause synchronous involvement of glands has been shown
in some studies (30).

Survival depends on the presence of a variety of fac-
tors, including the type of surgery, (i.e., parathyroidec-
tomy versus radical resection [en bloc]), high serum cal-
cium and/or intractable hypercalcemia, local recurrences
and/or metastases, CDC73 mutation, and/or loss of parafi-
bromin staining or calcium sensing receptor (CaSR) pro-
tein, and finally, nonfunctioning PC, which are all poor
prognostic factors for survival (23). Hypercalcemia-related
complications are the main cause of mortality (28).

In conclusion, our case was a sporadic PC with fracture,
which is really unique with regard to the long duration of
symptoms and mild hypercalcemia. Despite a high level of
PTH (44 times above the upper limit of normal), the patient
had mild hypercalcemia. This might be due to low bone
mass and/or low calcium intake. The results of this study
suggest that the size of the tumor, the involvement of sur-
rounded soft tissue by the tumor, very high serum level of
iPTH, and ALP may be helpful to predict PC in children with
PHPT before the primary operation.
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