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While dental pulp calcifications and root anomalies may be inconsequential incidental
findings in dental radiographs, they can, especially in combination, represent a clue,
hidden in plain sight, for the diagnosis of hyperphosphatemic familial tumoral calcinosis
(HFTC). HFTC is an autosomal recessive disease of mineral metabolism characterized
by sometimes massive, painful calcification around large joints, systemic inflammation,
dental pulp calcification, and thistle-shaped roots. This paper describes a woman with
HFTC who endured not only the symptoms of HFTC for decades, but also the frustration
of not knowing the cause. The diagnosis was finally made at the age of 73 years, when
the connection between a large right shoulder calcification and hyperphosphatemia was
made. The dental findings were likely present on her initial radiographs taken in childhood.
Increased awareness of the association between characteristic dental findings and HFTC
may allow for earlier diagnosis and interventions to improve the care of patients with this
rare condition.

Keywords: fibroblast growth factor 23, dental pulp calcification, root anomaly, phosphate metabolism,
hyperphosphataemia

INTRODUCTION

In 2000, the U.S. Surgeon General’s Report on Oral Health in America reported numerous ways in
which oral and general health are interconnected (1). A thorough oral examination can reveal signs
and symptoms of endocrinopathies, systemic infections, immunologic disorders, and nutritional
deficiencies (2). Identifying these oral manifestations of systemic disorders may enable early
diagnosis and treatment.

Hyperphosphatemic familial tumoral calcinosis (HFTC) is a rare autosomal recessive disease
characterized by high blood phosphate, calcific masses, and dental anomalies (OMIM 211900)
(3). The dental anomalies are the most penetrant phenotypic finding in the condition (4). The
extra-dental clinical symptoms cover a broad spectrum, ranging from no significant involvement
to lesions that are large, painful, and debilitating (5). HFTC is caused by deficiency of, or resistance
to the phosphorus regulating hormone fibroblast growth factor 23 (FGF23) (6). Absence of FGF23
promotes renal tubule phosphate reabsorption that leads to hyperphosphatemia, which promotes
ectopic calcifications in tissues exposed to trauma (7). Pathogenic variants in FGF23, GALNT3, or
KLOTHO, have been found to cause HFTC (6); an acquired form due to FGF23 autoantibodies
has also been described (8). Current treatment interventions focus on managing blood phosphate,
reducing pain and inflammation, and addressing calcifications and their complications (6).
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HYPERPHOSPHATEMIC FAMILIAL TUMORAL CALCINOSIS:
CASE REPORT

= 73 yo Caucasian woman

m Past medical history:

Stiffness of back and Joint calcification

Pain in left leg evaluated
by a biopsy

Dx: Osteomyelitis

Painless skin lumps on
forearm and legs

ankles
Dx: Psoriatic arthritis
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right shoulder

17 x 16 x 10 cm

Dx: Ankylosing
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spondylitis

1955 (10 yo) 1971 (26 yo) 1980s (30-40 yo 1990s (40-50 yo)

FIGURE 1 | Graphic representation of clinical course. At age 10 years, patient experienced unusual pain in her left leg that represented
hyperostosis-hyperphosphatemia syndrome, which was evaluated with a biopsy and misdiagnosed as osteomyelitis. At age 26 years, she started noticing painless
skin lumps on her forearm and legs. In her 30s, she started experiencing back pain and joint stiffness in her ankles and fingers. She was then evaluated by a
rheumatologist and was diagnosed with an ill-defined rheumatologic disorder, possibly psoriatic arthritis. Over the next 30 years, the arthritis slowly progressed to
involve almost all joints of her body. Eventually this was determined to be an aggressive form of osteoarthritis, currently felt not to be related to underlying HFTC. In
2015, a large bump appeared around her right shoulder, which was initially thought to be a sarcoma. Upon biopsy, bone calcifications were found with the possibility

of tumoral calcinosis.

The unique dental phenotype of HFTC has been recently
described in detail by our group (4). Internal pulp calcification
and thistle-shaped, short roots with midroot bulging were most
commonly observed in almost all of our cohort of 17 patients.
The pulp can be partially to completely obliterated. Maxillary and
mandibular premolars are most severely affected. In addition,
primary dentition from pediatric patients with HFTC had
findings similar to the permanent teeth.

Here we present a patient with hyperphosphatemic familial
tumoral calcinosis who, despite numerous symptoms throughout
her life, was not diagnosed with HFTC until the age of 73. Her
diagnostic evaluation and treatment are presented and discussed.

CASE REPORT

A 73-year-old Caucasian woman was referred in December 2019
to the National Institute of Dental and Craniofacial Research
at the National Institutes of Health by her endocrinologist at
Oregon Health and Science University for evaluation of recently
diagnosed HFTC. Review of the patient’s medical history revealed
several symptoms associated with HFTC that arose throughout
her life since childhood (Figure 1). She had been in her usual
state of health until age 10, when she experienced unusual pain
in her left leg, which was evaluated with a biopsy and diagnosed
as osteomyelitis. She received IV antibiotics for 10 days. As a
teenager, she had no major health issues and participated in

sports such as basketball and volleyball. During her regular dental
checkups, she was told that she has abnormal pulp stones, but was
not further evaluated (Figure 2).

At age 26, she started noticing painless skin lumps on her
forearm and legs. In her 30s, she experienced back pain and
joint stiffness in her ankles and fingers. She was then evaluated
by a rheumatologist and was diagnosed with an ill-defined
rheumatologic disorder. Over the next 30 years, the arthritis
slowly progressed to involve almost all joints of her body. Her
finger joints have fused, and she is unable to make a fist or
pick up small items. She has been treated with prednisone,
methotrexate, and infliximab. Multiple steroid injections in her
back have provided temporary relief. On re-evaluation, the
prevailing diagnosis of her rheumatologic findings is aggressive
osteoarthritis, which is not believed to be related to the diagnosis
of HFTC. In 2015, a large bump was noted around her right
shoulder (Figure 3). Initial concern was that it might represent
a sarcoma. On biopsy, paucicellular calcific material was seen,
characteristic of tumoral calcinosis. In 2019, she was diagnosed
with peripheral vascular disease requiring angioplasty.

Biochemical evaluation for causes of tumoral calcinosis
revealed hyperphosphatemia and led to a referral to an
endocrinologist in April 2019. HFTC was suspected and
genetic testing identified two heterozygous variants in GALNT3
(c.746_749del and ¢.926T>G), consistent with HFTC. The first
change (c.746_749del) is in exon 4 of the GALNT3 gene.
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root with complete pulp obliteration in all teeth.

FIGURE 2 | Phenotypic features of HFTC. (A) Lower limb radiograph shows subcutaneous calcification of her legs, an unusual and rare finding seen in older patients
with HFTC. (B) Periapical radiograph of teeth # 5 and 6 shows complete pulp obliteration and thistle-shaped roots. (C) Panoramic radiograph shows short bulbous

This four-nucleotide deletion causes a frameshift and results in
aberrant mRNA processing. This change has been previously
reported as a variant associated with HFTC (9). The second
change (c.926T>G) is in exon 5 of the GALNT3 gene. This
variant converts an isoleucine to arginine. To our knowledge,
this change has not been previously reported as a disease-causing
variant. Pathogenic variants in GALNT3 often result in excessive
cleavage of the active, intact FGF23 molecule, causing deficiency
of functional FGF23 (10).

Following the diagnosis, the patient was referred to the NIH
for further evaluation including blood and urine assessments
and skeletal imaging. Laboratory studies showed elevated
phosphorus 5.4 mg/dL (normal 2.5-4.5) and markers of systemic
inflammation such as erythrocyte sedimentation rate 71 mm/h
(0-42) and C-reactive protein 44 mg/L (0.00-4.99). Intact FGF23
was inappropriately low-normal 31 pg/mL (22-63) for the degree
of hyperphosphatemia, while C-terminal FGF23 was markedly
elevated 2,450 RU/mL (<180), consistent with HFTC.
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FIGURE 3 | Additional features of HFTC. (A) 3D reconstruction of a total body CT scan illustrates subcutaneous calcifications surrounding the right shoulder
(arrowhead), superficial lacey calcification in the lower extremities bilaterally (short arrow), and calcifications of femoral arteries (long arrow). (B) Chest radiograph
shows right shoulder calcification (arrowheads). (C) Coronal slice of the merged '8F NaF PET/CT scan demonstrating intense tracer uptake in the actively forming
calcific lesion seen in the chest radiograph (arrowheads).

Extraoral and intraoral examination revealed healthy mucosal ~ mandibular anterior teeth, fully impacted # 17 and 32 with
tissues and well-restored permanent dentition. Panoramic  dilacerated roots, and changes in the roots consistent with HFT'C
radiograph showed moderate alveolar bone loss around  (Figure 2). Complete pulp obliteration with short, thistle shaped

Frontiers in Dental Medicine | www.frontiersin.org 4 July 2021 | Volume 2 | Article 719752


https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/dental-medicine#articles

Leeetal.

HFTC Case Report

TABLE 1 | The diagnostic criteria of hyperphosphatemic familial tumoral calcinosis
(HFTC).

Hyperphosphatemic familial tumoral calcinosis (HFTC)

Biochemical findings (common, required for diagnosis):

High serum phosphate

High C-terminal FGF23

Low/normal intact FGF23

Dental pathology (most common phenotypic feature):

Pulp calcification and thistle-shaped roots

Ectopic calcification (common):

Lateral hips, elbows, shoulders, hands, pressure/trauma points

Systemic inflammation (common, especially with new lesion formation):

Recurrent fevers, fatigue, anemia, polyarthritis, increased C-reactive protein
and/or erythrocyte sedimentation rate

Vascular calcification:

Femoral/iliac arteries, aorta, carotids, cerebral vasculature
Hyperostosis (childhood only, often presenting symptom):
Tibiae (common), rarely ulnae, radii, and/or metacarpals
Stocking foot calcification (age-related/late finding):

Feet and legs

Ocular involvement (rare):

Calcification of eyelids/conjunctiva/cornea, retinal angioid streaks, vision loss

roots are observed in most of the teeth. Radiographs provided
by her general dentist (taken 2008) also showed the altered
tooth structure.

DISCUSSION

The earliest clinical features of HFTC can include characteristic
dental findings, painful cortical hyperostosis of certain long
bones (especially the tibiae), subcutaneous masses, and
calcification around joints (especially the hips and/or shoulders)
(Table 1) (6). Most diagnosed patients develop symptoms
by 13 years of age (11). The patient in this case developed
clinical symptoms at age 10, but it was not until the patient
presented with a much larger calcification of her shoulder in
combination with hyperphosphatemia that prompted genetic
testing confirming the diagnosis of HFTC at age 73. The
painful tibial lesions this patient experienced in childhood
and misdiagnosed as osteomyelitis represented hyperostosis-
hyperphosphatemia syndrome, one of the early manifestations
and part of the spectrum of phenotypic findings of HFTC (OMIM
211900) (10). Despite the numerous symptoms throughout her
life, the patient was not correctly diagnosed for many years partly
due to the fact the mutation in GALNT3 was not discovered until
2005 (12) and due to the rarity of the disorder.

Patients present with a moderate to severe dental phenotype
with root bulging, pulp calcification and shortened thistle-shaped
roots. It is believed that the severity of the dental phenotype
in HFTC does not appear to progress over time, but there is
insufficient longitudinal data to know definitively (4). Based on
her current dental radiographs and review of past dental history,

it is likely that the patient had similar dental findings in her
primary dentition. Early identification and recognition of the
dental phenotype of the disorder by an astute dentist may have
contributed to a timelier diagnosis in this case.

In this case, we did not observe mineralization in the PDL
space. The alveolar bone appears to be within normal limits
as well. The patient has had multiple implants placed without
complications. In addition, patients with HFTC have been able
to get extractions without any complications and have had
successful orthodontic treatment. In histological analysis of a
previous study, widening of the cellular cementum layer was
observed (4).

Upon review of the biochemical studies and confirmation
of the diagnosis, the patient was encouraged to have routine
evaluation of phosphorous and calcium metabolism. She was
recommended to follow a low-phosphate diet, limiting meat,
nuts, beans, and dairy, as well as avoiding excessive calcium and
vitamin D supplements. The patient was encouraged to maintain
physical activity as tolerated.

The patient was instructed to continue treatment with
sevelamer, which reduces hyperphosphatemia by binding to
dietary phosphate in the gut. The patient was started on anakinra,
an interleukin-1 receptor antagonist, to address the marked
degree of systemic inflammation. Infliximab was discontinued,
but she remained on low dose prednisone and methotrexate. She
had a significant degree of overall improvement in well-being on
this regimen, probably related to the decrease in inflammation
brought about by the anakinra.

In conclusion, this report describes the oldest known living
patient with HFTC and highlights the importance of recognizing
dental phenotypes that may be a sign of systemic disorders.
In patients with HFTC, dental changes are often the first
sign of disease. Dentists can contribute to early diagnosis and
interdisciplinary care of systemic conditions that manifest in the
oral cavity.
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