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1 | INTRODUCTION

In 1947, McCance reported the first case of tumor-induced
osteomalacia (TIO) in a 15-year-old girl suffering from

Phosphaturic mesenchymal tumor (PMT) is a rare disorder primarily affecting
the extremities. It is notable for its correlation with hypophosphatemic osteoma-
lacia and high FGF23 serum levels, which results in renal phosphate wasting and
clinical symptoms associated with low serum phosphorus. We presented a pa-
tient with a 5-year history of progressive osteomalacia who recently experienced
a major pathological bone fracture. Laboratory findings showed a persistent
low serum phosphate, normal calcium, elevated alkaline phosphatase activity,
high parathyroid hormone levels, and increased renal excretion of phosphate.
According to ultrasonography and nuclear imaging, there was no evidence of
parathyroid adenoma. During further diagnostic assessment, a sinonasal cavity
tumor was found and resected. Histologically, the tumor was composed of bland
spindle cell proliferation in the background of a calcified matrix with foci of oste-
oid formation, hemangiopericytoma-like (HPC-like) vasculature, and osteoclast-
like giant cells. Tumor cells showed variable positivity for SMA, but CD34, S100,
CD99, Melan-A, p63, and desmin were all nonreactive. Regarding the clinical
context, histological and immunohistological findings, a final diagnosis of tumor-
induced osteomalacia (TIO) secondary to a PMT was made. After surgery, labora-
tory results returned to normal, clinical symptoms disappeared, and the patient

did not experience a recurrence during a six-month follow-up.
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weakness, gait disturbance, and hypophosphatemia which
was cured after the removal of her right femur tumor."

TIO is a rare paraneoplastic syndrome that is mainly
caused by a phosphaturic mesenchymal tumor (PMT)
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and is characterized by renal phosphate wasting and hy-
pophosphatemia, which eventually leads to reduced bone
mineralization.”™ In 2013, the WHO classification of soft
tissue and bone tumors described PMT as a new entity for
the first time.” It is noteworthy that only about 450 PMT
instances have been documented to date.®

Although the precise etiology of PMT is still unknown,
the associated osteomalacia is best attributed to the ab-
normal secretion of fibroblast growth factor 23 (FGF-23),
which in turn causes low serum phosphate levels due to
increased renal phosphate clearance and altering vitamin
D metabolism.”®

Most PMTs are benign mesenchymal tumors with a
bland spindle cell proliferation and complex vasculature.
However, PMTs can exhibit diverse morphological charac-
teristics that challenge the diagnostic process, especially in
differentiating a PMT from its mesenchymal mimickers.**

Surgical resection is curative, but the diagnosis is often
delayed due to the low prevalence of PMT and ambigu-
ous clinical symptoms.ﬁ’10 Therefore, it is crucial to care-
fully evaluate the clinical context along with laboratory
results and histological findings to arrive at an accurate
diagnosis.’

We herein report a patient with long-lasting severe
and generalized osteomalacia secondary to a sinonasal
PMT, which was initially misdiagnosed as a giant cell
granuloma.

2 | CASE PRESENTATION

The patient was a 54-year-old woman with a long history
of bone pain, refractory hypophosphatemic osteomalacia
of unknown etiology, and nasal mass referred to Imam-
Reza Hospital, Mashhad, Iran as the main referral hos-
pital for endocrinology and ENT diseases in the east of
Iran. The patient had a history of progressive generalized
bone pain and muscular weakness over the past 5years,
which has been further deteriorated by a femoral neck
fracture 3months before the referral. Her daily activities
were restricted, and she had to use a walker. There was

TABLE 1 Laboratory workup.

no pertinent medical history except nasal bleeding since
lyear ago, and family history was negative for bone or
mineral abnormalities.

Laboratory workup since 2018 showed a constant
pattern of low serum phosphate (1.7mg/dL), high 24-h
urine phosphate (1439 mg/24h), high alkaline phospha-
tase level (643 U/L), normal serum calcium level (9.7 mg/
dL), and normal 25- hydroxyvitamin D level (60ng/mL).
An elevated parathyroid hormone (PTH) level (102.8 pg/
mL) was also detected prompting further work-up for hy-
perparathyroidism. Table 1 shows the details of laboratory
tests over time.

Bone mass density (BMD) indicated osteoporosis with
a T score of —5.9 in the hip and —2.7 in the lumbar spine.
There was no evidence of a parathyroid lesion on the ul-
trasonography and technetium 99m sestamibi (MIBI)
scan, which made primary parathyroid disease unlikely.
This consequently limited the differential diagnosis to the
potential causes of secondary hyperparathyroidism.

The history of nasal bleeding, exacerbated by a progres-
sive sense of nasal fullness, shifted the focus toward the
nasal cavity. A CT scan of the sinonasal area showed an ex-
pansile heterogeneous soft tissue mass occupying the right-
side meatus with deviating the nasal septum (Figure 1).

FIGURE 1 Axial CT-scan shows an expansile lesion in the
right sinonasal cavity.

Year 2023

Normal range
Parameters 2018 2019 2020 2021 2022 Pre-operation  Post-operation  (unit)
Serum phosphate 2.1 19 21 1.3 1.7-1.6| 19 =45 2.6-4.5mg/dL
Alkaline phosphatase 164 1 218 1 229 1 643 1 164 1 =100 30-104U/L
Phosphate, 24-h urine 1439 1 400-1300mg/24h
Calcium, total 9 9.1 9.7 9.3 10.1-9.5 9.9 =10.1 8.2-10.7 mg/dL
PTH (CLIA) 58.4 89.3 1 102.8 156 1 - 58 15-68.3pg/mL

25-hydroxy vitamin D 59.4 52.3 48.3 60.1

65.3—100 98

30-100ng/mL
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A subsequent biopsy was performed in an outpa-
tient setting 3weeks before referral, which revealed
compact collections of multinucleated giant cells in a
vessel-rich background of spindle-cell mesenchymal
cells, suggestive of a peripheral giant cell granuloma.
The patient was then referred to our hospital because
the proposed diagnosis on the biopsy could not explain
the patient's illness, and the clinical condition and labo-
ratory tests were unresponsive to phosphate and vitamin
D supplementations.

A preliminary diagnosis of TIO was made and the pa-
tient underwent complete surgical removal of the nasal
cavity mass. The tumor measured 5xX4x2cm with a
smooth surface and variable soft to firm consistency. The
cut surface had a variegated appearance with foci of gray-
yellowish tissue. Histopathological characteristics de-
picted a bland spindle cell proliferation in a background
of HPC-like vasculature, hemorrhage, hemosiderin depo-
sitions, areas of fat with some hyalinized thick-walled
vessels, and collections of osteoclast-like giant cells with
foci of osteoid formation. The mitotic activity was low (1-
2/10 HPF), and no pleomorphism or necrosis was identi-
fied (Figures 2A-D). Immunohistochemically, the tumor
cells showed variable staining for smooth muscle actin
(SMA) while they were negative for CD34, S100, HMB-
45, Melan-A, CD99, p63, desmin, and SALL4. CD68 was

FIGURE 2 Histopathologic findings
of PMT. The tumor sections showed the
proliferation of bland spindle cells in the
background amorphous basophilic matrix
and foci of osteoid formation (at the top
right) (A, H&E stain, 200x). Numerous
osteoclast-like giant cells are intermixed
with the spindle component (B, H&E
stain, 200x). There is fat tissue with some
thick-walled vessels (C, H&E stain, 200x).
Prominent hemangiopericytoma-like
vessels are present (D, H&E stain, 400x).
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only positive in histiocytic cells and Ki67 showed a low
proliferative index (~2%). Figures 3A-D show some im-
munohistochemical studies. Pathological features were
consistent with PMT, and along with the clinical and lab-
oratory findings indicative of a final diagnosis of PMT-
induced osteomalacia in the patient.

Following the surgical excision of the tumor, the pa-
tient's symptoms gradually improved. Muscle strength
increased and the bone pain subsided. Moreover, the pa-
tient's laboratory tests, including serum phosphate, ALP,
and PTH levels, returned to normal ranges. After 6 months,
there was no indication of recurrence of the nasal tumor.

3 | DISCUSSION

Osteomalacia is a metabolic disorder that is characterized
by inadequate mineralization of the bones, and it is usu-
ally caused by a deficiency of vitamin D.”!! However, in
rare cases, osteomalacia may occur secondary to other fac-
tors such as TI0.*!!

TIO is arare paraneoplastic syndrome primarily caused
by a PMT.'? PMTs predominantly occur in adults without
sex preference and are principally found in bone and soft
tissue, especially in the lower extremities.”'”!'> Common
clinical characteristics are bone pain, pathologic fractures,
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and musculoskeletal weakness. Such vague medical pre-
sentation, difficulty in tumor localization, and nonspe-
cific histologic characterization lead to delayed or even
misdiagnosis.'

Tumors that cause TIO secrete phosphate-regulating
substances called phosphatonins, particularly FGF23,
which are believed to play a major role in the develop-
ment of TIO. Interestingly, the expression of the FGF23
gene is significantly higher in TIO-associated tumors
than in normal tissue.*>'"'* FGF23 affects the kidneys
by binding to the FGF receptor 1, with the help of the
transmembrane co-receptor o-Klotho. The kidneys
consequently excrete more phosphate in the urine.
Moreover, FGF23 facilitates the resorption of calcium
and phosphate from the bones, reduces the absorption
of calcium and phosphate in the intestines, and inhibits
the production of 1,25 dihydroxycholecalciferol. These
actions result in hypophosphatemia, which causes de-
creased bone mineralization.”'""'*

Laboratory findings indicate low levels of serum phos-
phate, high urinary phosphate excretion, and normal to
low levels of 25-dihydroxy vitamin D.*'? Furthermore,
serum levels of FGF23 help clinicians in diagnosing TIO,
localizing the occult source of FGF23 secretion by selec-
tive venous sampling, and monitoring recurrences of PMT
after surgical excision.'*
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Currently, there is no standardized imaging modality,
for the detection and localization of PMTs, and a variety
of methods, such as radiography, computed tomography
(CT), magnetic resonance imaging (MRI), and octreotide
scintigraphy are in use.'>?

Some PMTs do not pick up 18F-fluorodeoxyglucose
(18F-FDG). Therefore, it has been proposed to replace
18F-FDG-based scans with octreotide-based radiotracers
like 68Ga DOTATATE (positron emission tomography
(PET)/CT). Nevertheless, this modality is expensive and
unavailable in most parts of the world.**’

Histologically, a typical PMT demonstrates hypo-
cellular proliferation of bland neoplastic spindle cells
growing in a highly vascular, partially calcified (so-called
“grungy” calcification), basophilic myxochondroid matrix
accompanied by fat tissue and foci rich in osteoclast-like
multinucleated giant cells. The HPC-like pattern of the
vasculature is also a prominent feature.>'%*

However, PMTs may display remarkable morphologic
variations,>"* and as in the first biopsy from our patient,
an otherwise typical morphology may not be readily per-
ceptible on small biopsies.

There is no specific immunohistochemistry (IHC)
marker for PMTs. Therefore, the role of IHC is limited
to the exclusion of other possibilities. Vimentin is the
only marker that is consistently positive, leading some
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authors to consider PMT as a “vimentin-only” neo-
plasm.z’16 Otherwise, some markers are variably and
weakly reactive, including SMA, CD34, neural, and
neuroendocrine proteins (S100 protein, synaptophysin,
CD56), ERG, CD68, somatostatin receptor 2A (SSTR2A),
and dentin matrix protein-1 (DMP-1).%”%!"!8 Recently,
it has been described that PMTs may express SATB2, a
regulator of osteogenic differentiation. This correlates
with the well-known ability of osteocytes to produce
FGF23.>"

IHC testing for FGF23 protein has shown controver-
sial results, mainly due to a lack of specificity.>'* On the
other hand, some PMTs do not react with anti-FGF23 an-
tibodies, particularly those not associated with the TI0.213
FGF-23 expression level can also be determined using
the reverse transcription-polymerase chain reaction (RT-
PCR). However, some tumors, such as fibrous dysplasia,
chondromyxoid fibroma, and aneurysmal bone cysts, pro-
duce low amounts of FGF-23.%%

In molecular genetic studies, the FN1-FGFR1 and
FN1-FGF1 fusions are present in approximately 42% and
6% of PMT cases, respectively, according to Lee et al. This
finding provides the possibility of a targeted therapy ap-
proach in the future.'>!*2%2!

Expecting the rarity of PMT and its nonspecific his-
tological and immunohistochemical findings, the histo-
pathological diagnosis is usually challenging.'®

The abundance of multinucleated giant cells may eas-
ily deviate the diagnosis to other giant cell-rich mimickers
such as the giant cell tumor, benign fibrous histiocytoma,
or non-ossifying fibroma of bone, which usually lack
the unique matrix of PMT.>*? To make it more complex,
PMTs may rarely show aneurysmal bone cyst-like (ABC-
like) areas and an ABC may have a PMT-like calcifying
matrix. The lack of spindle cell proliferation and the pres-
ence of USP6 gene rearrangements are in favor of an ABC
diagnosis.?

As noted earlier, PMT is a highly vascularized neo-
plasm containing capillary-sized to hyalinized thick-
walled vessels and typically HPC-like areas (the so-called
staghorn vascular pattern).>'** Therefore, the distinction
between PMT and other HPC-like neoplasms, on top of all
a solitary fibrous tumor (SFT), may challenge the diagno-
sis. On the morphologic ground, SFTs lack the calcified
matrix and the giant cell-rich areas of PMTs, and they im-
munohistochemically show diffuse staining for CD34 and
STAT6 proteins. The molecular basis for such diffuse nu-
clear STAT6 expression is the NAB2::STAT6 gene fusion,
which is absent in PMTs. >0

The sinonasal origin of the present tumor poses fur-
ther difficulties not only for the diagnosis, with several
benign and malignant mimickers existing in the area, but
also concerning the accessibility to obtain a biopsy and

perform a complete curative excision.”* In the sinonasal
cavity, the differential diagnoses include vascular, epithe-
lial, and mesenchymal tumors. Fortunately, a thorough
morphologic examination and negative immunostaining
for cytokeratins rule out the possibility of most epithelial
lesions, including those of salivary gland origin, such as
myoepitheliomas.*

Glomangiopericytomas of the sinonasal type are dis-
tinguished based on the invariable expression of SMA and
desmin, along with an abnormal nuclear localization of
the beta-catenin protein. Another common vascular neo-
plasm in the area, nasal angiofibroma, can also make the
diagnosis difficult in small biopsies. However, it is more
common in males and usually displays a uniform pattern
of dilated, thin-walled vessels in a background of collage-
nous stroma.>*’

Some tumors of soft tissue and bone have PMT-like
morphological characteristics and express FGF23, but
they do not cause TIO symptoms. These tumors are
known as “non-phosphaturic” PMTSs. There is still debate
about whether a true non-phosphaturic PMT exists, espe-
cially due to the diverse group of patients. Some such tu-
mors either produce a low level of FGF23 or find a way to
neutralize its effects. Other patients do have osteomalacia,
but their symptoms are not recognized clinically. Finally,
some non-phosphaturic PMT patients have been diag-
nosed far before the appearance of full-blown phosphate
wasting. >+

Typically, PMTs are slow-growing benign neoplasms
and complete surgical resection is curative.'* However,
local recurrences can occur, and distant metastases, usu-
ally to the lungs, are on record.>*'**"?® Qari et al. reported
a case of PMT with multiple local recurrences and even-
tually pulmonary metastases.”’” Yavropoulou et al. also
described a patient who experienced several local recur-
rences and malignant transformation with lung metas-
tasis 2years after the first diagnosis of a benign PMT.'®
Malignant transformation typically resembles an undif-
ferentiated pleomorphic sarcoma with high cellularity,
pleomorphism, high proliferative activity, and TP53 mu-
tations.>'®**?° Nonetheless, malignant PMTs may some-
times exhibit bland-looking spindle cell lesions.”*’ The
potential for recurrence and metastasis necessitates a
complete removal and long-term follow-up, even in PMTs
with benign histological features.”’ Symptoms usually
resolve a few weeks following a total resection, and the
laboratory tests, including FGF23 levels, return to normal
ranges.”® It is important to regularly monitor patients for
serum levels of phosphorus, alkaline phosphatase, and
FGF23 to detect any potential local tumor recurrences as
early as possible.*"*

Completely removed benign PMTs are expected to
pursue an excellent clinical course and not require any
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treatment other than phosphate and active vitamin D sup-
plements. On the other hand, patients with unresectable or
incompletely resected tumors may undergo radiation ther-
apy,** while adjuvant chemoradiation is administrated for
malignant PMTs.*>*” Moreover, an anti-FGF23 monoclonal
antibody, called Burosumab, has recently been considered

as a potential medical treatment for TIO patients.®

4 | CONCLUSION

PMT/TIO is a rare entity that manifests as a paraneoplastic
syndrome. Regrettably, symptoms are often nonspecific, the
tumor is not easily detectable in routine examinations, and
several histological mimics exist, that all may lead to a de-
layed diagnosis with severe morbidities, such as in our case.
The key to a timely diagnosis resides in a careful combina-
tion of clinical, laboratory, and histopathological findings.
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