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Abstract: Phosphaturic mesenchymal tumor (PMT) is strongly related to tumor-induced osteomalacia
(TIO) which brings diverse skeletal events, such as bony deformities, gait disturbance, and multiple
bone fractures. Overexpressed fibroblast growth factor 23 by the tumor induces hypophosphatemia
leading to the oncogenic osteomalacia, a rare paraneoplastic syndrome. PMT occurring in the oral and
maxillofacial regions is extremely rare, and this case highlights the need to understand mechanisms
by which local lesions can affect systemic conditions, and the importance of a combination of physical
examinations, laboratory investigations, and radiologic investigations for a decisive diagnosis.
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1. Introduction

PMT is rare tumor with roughly 450 cases reported, with the first case reported by
Robert McCance in 1947 [1]. Most PMTs have been discovered in middle-aged adults with
no gender predilection [2]. They are mostly found at appendicular sites, while only rare
cases have been reported in the oral and maxillofacial region [3], including the paranasal
sinuses, mandible, intracranial localization, maxilla, and oral cavity, in descending order of
prevalence [4].

Clinically, patients with PMT present with systemic symptoms related to osteomalacia.
TIO, also known as oncogenic osteomalacia, is a rare paraneoplastic syndrome that results
in abnormal phosphate and vitamin D metabolism. It is mainly characterized by hypophos-
phatemia, hyperphosphaturia, reduced or inappropriately normal 1,25-dihydroxyvitamin
D, elevated serum alkaline phosphatase, elevated or inappropriately normal plasma fibrob-
last growth factor 23 (FGF23), normal serum calcium, and normal parathyroid hormone
concentrations [5]. These biochemical alterations eventually cause osteomalacia, of which
clinical symptoms include diffuse body pain, muscle weakness, gait disturbance, fragility
of bone, and multiple bone fractures due to defective mineralization of the osteoid [2].

Complete surgical resection with an adequately wide margin is the most appropriate
treatment [6]. Postoperative normalization of laboratory values is typically observed
following successful resection of the tumor. As the origin of TIO, the intraoral region is very
rare. Thus, we report a case in which a tumor of oral origin affected a patient systemically.

2. Case Report
2.1. Clinical Presentation

A 50-year-old female was referred to the Department of Oral and Maxillofacial Surgery
at Kyung Hee University Medical Center (Seoul, Republic of Korea) for the evaluation
of gingival bulging of the left buccal and palatal areas. She had been receiving calcium
supplements for 5 years for osteomalacia diagnosed at a local clinic. Clinical examination
revealed a single, ovoid-shaped bulging mass on the left posterior maxilla, which expanded
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bilaterally on the buccal and palatal sides. Without displacement of the teeth, an expanded
firm mass was found with contact overlying soft tissue (Figure 1).
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Figure 1. Expanded solid mass with intact soft tissue Involving the left maxilla area.

Radiological examination through contrast-enhanced computed tomography showed
a soft tissue mass (about 2.7 × 2.2 × 2.2 cm) in the left maxilla occupying the left maxillary
sinus and left nasal middle meatus and extending to the left side of maxilla and teeth. There
was an intraosseous osteolytic lesion evading the adjacent maxilla (Figure 2).
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Figure 2. Preoperative contrast-enhanced computed tomography image presenting radiolucent lesion
evading adjacent bone.

Clinical and radiological examination revealed a mass suspicious for a benign tumor
in the left palatal area. Routine clinical laboratory assays, including parathyroid gland
function tests, were performed before the surgical treatment. Surgical excision of the tumor
was performed under general anesthesia.
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2.2. Differential Diagnosis

As the patient presented with a slow-growing expanded intraoral lesion with a firm
mass involving the maxilla, we suspected a benign tumor in the jaw.

First, as a significant bulging mass in the palatal area was found during clinical ex-
amination, pleomorphic adenoma (PA) was suspected. In addition, a benign tumor of
the jaw with radiological features which represent expanding while destroying the sur-
rounding bone, including calcifying epithelial odontogenic tumor, calcifying odontogenic
cyst, ossifying fibroma, central giant cell granuloma (CGCG) and brown tumor, could be
considered. However, calcifying epithelial odontogenic tumors, calcifying odontogenic
cysts, and ossifying fibromas were excluded from the provisionally diagnosed diseases
because the radiopacities scattered in the radiolucent lesion were not observed in the radio-
logical images of this patient. In addition, with the absence of a history of the rapid growth
of the lesion, aggressive malignant tumors, such as osteosarcoma or chondrosarcoma,
were excluded.

Finally, the differential diagnosis for benign tumors with clinical and radiographic
features like the patient’s includes the following: PA, CGCG, and brown tumor.

PA, the most common benign salivary gland tumor, occurs mostly in the parotid
gland, while less frequently affecting the minor salivary glands [7]. When originating
from the minor salivary glands, it occurs mostly on the hard and soft palate due to the
highly concentrated salivary glands [8]. Clinically, patients with PA present an asymp-
tomatic, slow-growing, unilateral firm mass. PA may occur at any age but mainly affects
middle-aged patients with a female predilection. Histological features are highly variable;
classically, it is characterized by a mixture of epithelial and mesenchymal components in a
variable stroma [9].

CGCG, a benign lesion of the jaw, accounts for less than 7% of all benign tumors
of the jaw. Clinical features include slowly growing symptomatic swelling, and in an
aggressive form it might be accompanied by pain, root resorption, displacement of teeth,
and perforation of the subjacent cortical bone. CGCG usually occurs in the first three
decades of life in patents with a female predilection. It occurs about three times more
often in the mandible than the maxilla [10]. Radiographically, it appears with a unilocular
or multilocular radiolucency with the expansion of the cortical bone plate. Histological
features show numerous multinucleated giant cells embedded in a stroma of round and
spindle-shaped mononuclear cells [11].

Brown tumors are uncommon focal giant cell lesions that develop in patients with
hyperparathyroidism (HPT). Radiological features show a radiolucent extending mass
eroding adjacent structures and loss of the lamina dura [12]. Giant cell lesions that can occur
in the jaws include giant cell granuloma, cherubism, and brown tumors. Since it is difficult
to distinguish brown tumors from other giant cell lesions histologically, clinical diagnosis
of the brown tumor should be accompanied by the finding of HPT using laboratory tests or
nuclear imaging of the parathyroid glands [13]. Treatment for hyperparathyroidism should
be accompanied by normalization of parathyroid function [14].

2.3. Diagnosis and Management

Surgical excision of the tumor was performed with the patient under general anesthe-
sia. Macroscopically, the surgically resected specimen, measuring 3.2 × 2.5 × 2.5 cm in size,
shows a grayish-white solid mass (Figure 3).

Histologic examination of the specimen revealed a high proliferation of spindle-shaped
cells in patterns of fascicles in the focal area. Also, distinct “grungy” calcifications of osteoid-
like elements and osteoclast-like multinucleated giant cells were observed (Figure 4).

The histologic findings suggested a diagnosis of phosphaturic mesenchymal tumor,
mixed connective tissue variant. Routine clinical laboratory assays performed before
surgery revealed the following findings: hypophosphatemia (0.8 [normal, 2.5–4.5 mg/dl]),
elevated alkaline phosphatase (306 [normal, 30~120U/L]). Based on the clinical and lab-
oratory findings consistent with osteomalacia, tumor-induced osteomalacia was finally
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diagnosed. After complete resection of the tumor, postoperative normalization of labora-
tory values was confirmed. At the patient’s follow-up visit, her clinical symptoms related to
osteomalacia improved, with no evidence of recurrence of tumor. Furthermore, following
surgery, she had been visiting the endocrinologist regularly for postoperative follow-up.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 4 of 8 
 

 

Figure 3. Cut surface of the resected specimen. 

Histologic examination of the specimen revealed a high proliferation of spindle-

shaped cells in patterns of fascicles in the focal area. Also, distinct “grungy” calcifications 

of osteoid-like elements and osteoclast-like multinucleated giant cells were observed 

(Figure 4). 

 

Figure 4. Microscopic findings of phosphaturic mesenchymal tumor. Woven bone elements and an 

incomplete rim of membranous ossification were observed. 

The histologic findings suggested a diagnosis of phosphaturic mesenchymal tumor, 

mixed connective tissue variant. Routine clinical laboratory assays performed before 

surgery revealed the following findings: hypophosphatemia (0.8 [normal, 2.5–4.5 mg/dl]), 

elevated alkaline phosphatase (306 [normal, 30~120U/L]). Based on the clinical and 

laboratory findings consistent with osteomalacia, tumor-induced osteomalacia was finally 

diagnosed. After complete resection of the tumor, postoperative normalization of 

laboratory values was confirmed. At the patient’s follow-up visit, her clinical symptoms 

related to osteomalacia improved, with no evidence of recurrence of tumor. Furthermore, 

following surgery, she had been visiting the endocrinologist regularly for postoperative 

follow-up. 

3. Discussion 

The final diagnosis in the present case was a phosphaturic mesenchymal tumor, 

mixed connective tissue variant (PMTMCT). Most PMTMCTs have been discovered in 

middle-aged adults with no gender predilection [6]. They are mostly found at 

Figure 3. Cut surface of the resected specimen.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 4 of 8 
 

 

Figure 3. Cut surface of the resected specimen. 

Histologic examination of the specimen revealed a high proliferation of spindle-

shaped cells in patterns of fascicles in the focal area. Also, distinct “grungy” calcifications 

of osteoid-like elements and osteoclast-like multinucleated giant cells were observed 

(Figure 4). 

 

Figure 4. Microscopic findings of phosphaturic mesenchymal tumor. Woven bone elements and an 

incomplete rim of membranous ossification were observed. 

The histologic findings suggested a diagnosis of phosphaturic mesenchymal tumor, 

mixed connective tissue variant. Routine clinical laboratory assays performed before 

surgery revealed the following findings: hypophosphatemia (0.8 [normal, 2.5–4.5 mg/dl]), 

elevated alkaline phosphatase (306 [normal, 30~120U/L]). Based on the clinical and 

laboratory findings consistent with osteomalacia, tumor-induced osteomalacia was finally 

diagnosed. After complete resection of the tumor, postoperative normalization of 

laboratory values was confirmed. At the patient’s follow-up visit, her clinical symptoms 

related to osteomalacia improved, with no evidence of recurrence of tumor. Furthermore, 

following surgery, she had been visiting the endocrinologist regularly for postoperative 

follow-up. 

3. Discussion 

The final diagnosis in the present case was a phosphaturic mesenchymal tumor, 

mixed connective tissue variant (PMTMCT). Most PMTMCTs have been discovered in 

middle-aged adults with no gender predilection [6]. They are mostly found at 

Figure 4. Microscopic findings of phosphaturic mesenchymal tumor. Woven bone elements and an
incomplete rim of membranous ossification were observed.

3. Discussion

The final diagnosis in the present case was a phosphaturic mesenchymal tumor, mixed
connective tissue variant (PMTMCT). Most PMTMCTs have been discovered in middle-
aged adults with no gender predilection [2]. They are mostly found at appendicular
sites, while only rare cases have been reported in the oral and maxillofacial region [3],
including the paranasal sinuses, mandible, intracranial localization, maxilla, and oral cavity,
in descending order of prevalence [4].
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Among phosphaturic mesenchymal tumors (PMTs) including PMTMCT, osteoblastoma-
like PMT, non-ossifying fibroma-like PMT, and ossifying fibroma-like PMT [15–17], over
90% of tumor-induced osteomalacia (TIO)-associated mesenchymal tumors represent
a single histopathological entity, PMTMCT [3]. Histological features of PMTMCT are
highly variable, representing high proliferation of spindled-shaped to stellate tumor cells
with a low nuclear grade, which are embedded in myxoid to a chondromyxoid matrix
that often contains “grungy” calcifications. Other features include osteoclast-like giant
cells, chondroblast-like cells, mature adipocytes, microcystic changes, and fibrohistiocystic
reactions, which were well observed in our case. In rare malignant PMTMCTs, sarcomatous
features can be seen [3,16,18].

In patients with TIO, clinical symptoms and abnormal laboratory indices are usually
related to the elevation of FGF23 levels. Overexpressed FGF23 is secreted by a benign
mesenchymal tumor, such as a PMT, which is a key mechanism for abnormal phosphate
metabolism. In phosphate homeostasis, FGF23 is responsible for the development of hy-
pophosphatemia [19,20]. FGF23, known as a humoral phosphaturic factor referred to as
phosphatonin, is a molecule that regulates phosphate pathway metabolism and homeosta-
sis. FGF23 plays a critical role in regulating proximal renal tubular phosphate reabsorption,
of which overexpression leads to phosphaturia and hypophosphatemia [19]. Addition-
ally, it regulates the production of vitamin D metabolites by inhibiting hydroxylation of
25-hydroxyvitamin D to 1,25-dyhydroxyvitamin D [21]. These alterations eventually cause
hypophosphatemia-related disorders, including rickets in children and osteomalacia in
adults [15].

TIO should be distinguished from other forms associated with hypophosphatemia.
These disorders include inherited and acquired forms. Among the inherited disorders are X-
linked hypophosphatemic rickets (XLHR), autosomal dominant hypophosphatemic rickets
(ADHR), and autosomal recessive hypophosphatemic rickets (ARHR) [20,22]. Although
patients with these disorders display a clinical phenotype similar to that of TIO, these
conditions are typically present in childhood and are associated with deformities in the
lower extremities. In making a definitive diagnosis, obtaining family history is important;
furthermore, genetic testing of the dentin matrix protein 1 (DMP1), phosphate-regulating
gene with homologies to endopeptidases on the X chromosome (PHEX) gene can be
useful [23,24]. Acquired disorders include nutritional vitamin D deficiency, nutritional
phosphorus deficiency or Fanconi syndrome. In patients with these disorders, there are
differences in biochemical features through the laboratory investigations from those of
patients with TIO [25–27].

Identification and location of the associated tumors are difficult, resulting in a delayed
final diagnosis. Some studies have shown that it takes an average of 5 years from symptom
onset to the final diagnosis [28]. The reasons for the delay in diagnosis are as follows.
First, the causative tumors are usually small, slow-growing benign tumors. Second, the
location of the tumors are non-specific. As a result, a thorough examination of the head
and neck would be delayed because TIO is extremely rare in the oral and maxillofacial
regions. Lastly, routine laboratory examinations do not include serum phosphate, vitamin
D, serum alkaline phosphatase, and plasma FGF23. As a result, important laboratory
results, including the presence of hypophosphatemia, a critical clue to the diagnosis of TIO,
could be neglected.

Investigations for diagnosis include physical examination, laboratory investigations,
radiologic investigations, and venous sampling. Physical examination is usually not helpful
for diagnosis unless profound symptoms of osteomalacia are present. If a patient presents
with clinical symptoms such as bone pain, muscle weakness, gait disturbance, skeletal
deformities, and multiple bone fractures, TIO should be suspected. In the present case, the
patient presented with bony deformities, such as scoliosis, which helped clinicians suspect
TIO. As hypophosphatemia, elevated alkaline phosphatase, and elevated FGF23 levels can
be critical diagnostic clues for the diagnosis of TIO [2], laboratory investigations including
these biochemical profiles should be performed in cases of suspected TIO. Measurement
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of FGF as a tumor marker is useful. Because of the short half-life of FGF23, between
20–50 min, it can be used for intraoperative monitoring and evaluation of postoperative
outcomes [29,30]. For successful removal of tumors, it is important to accurately locate the
tumors. To locate the tumors, functioning imaging techniques, including octreotide scintig-
raphy, anatomical imaging techniques, including computed tomography (CT), magnetic
resonance imaging (MRI), and the combination of functioning and anatomical techniques,
including positron emission tomography along with computed tomography (PET/CT),
have been used [6,23,31,32]. Indium-111 octreotide scintigraphy (octreotide scanning) can
be used as a method of detection for tumors because PMTs may express somatostatin
receptors (SSRTs) [33]. Recently, venous sampling of FGF23 has been proposed as a method
for definitive confirmation of the tumor secreting FGF23 [30]. However, in the absence of
suspicious tumors on radiological imaging, random venous sampling cannot be successful
in localizing the tumors [34].

Complete surgical resection with an adequately wide margin is the most appropri-
ate treatment. There is a risk of recurrence of these tumors if they do not have a wide
margin [35]. Postoperative normalization of laboratory values is typically observed fol-
lowing successful resection of the tumor. However, considering anatomical and functional
factors, it could be difficult to perform complete surgical resection in all cases due to
concerns about surgical morbidity with complete resection. If resection is not complete,
the patients with a persistent syndrome can be partially managed with oral phosphate
supplements and 1,25-dihydroxyvitamin D (calcitriol) administration for symptomatic
improvement [36]. Furthermore, periodic postoperative assessment of laboratory examina-
tions has been recommended as a means to monitor for recurrences of tumors.

4. Conclusions

A definitive diagnosis of TIO can be challenging for clinicians. Successful diagnosis
and treatment are dependent on a combination of clinical examination, laboratory investi-
gations, and radiologic investigations. Additionally, a periodic assessment of laboratory
values is necessary.
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