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Intracranial phosphaturic mesenchymal tumor
A rare case report and systematic review
Shuyue Song, BMa, Yuyang Zhao, BMa, Yiquan Wang, MMa, Yujing Zhao, MMb, Wenqiang Liu, MMb, 
Zhe Wang, MDb,*

Abstract 
Rationale: Phosphaturic mesenchymal tumors (PMTs) are rare soft-tissue and bone tumors that can occur intracranially. Low 
incidence, nonspecific symptoms, and diverse histomorphology of PMTs contribute to a high rate of misdiagnosis.

Patient concerns: This report presents a rare case of an intracranial PMT located in the posterior cranial fossa. In addition, a 
systematic review of previously reported intracranial PMT cases was conducted and summarized.

Diagnoses: Incorporating clinical symptoms, laboratory findings, and imaging features, the definitive diagnosis of PMT was 
based on pathological examination.

Interventions: The patient underwent consultations in endocrinology, orthopedics, and neurosurgery, and ultimately had a 
surgical procedure to remove the intracranial tumor.

Outcomes: After tumor resection, the patient’s laboratory values returned to normal, his symptoms improved, and he could 
walk again.

Lessons: Due to the rarity and high misdiagnosis rate of PMTs, no unified diagnosis and treatment standards have been 
established. Early identification, accurate diagnosis, and timely treatment are essential for optimal management. Surgical resection 
remains the preferred treatment for PMTs, with total tumor resection strongly recommended. In case of incomplete resection, 
tumor recurrence and persistent symptoms may necessitate adjunctive drug therapy and radiation therapy.

Abbreviations: 1,25- (OH) 2D = 1,25-dihydroxyvitamin D, 18F-FDG = 2-deoxy-2-[fluorine-18] fluoro-d-glucose, 18F-OC = 
18F-AlF-NOTA-octreotide, 25 (OH) D = 25-hydroxyvitamin D, ADC = apparent diffusion coefficient, ALP = alkaline phosphatase, 
CT = computed tomography, DWI = diffusion weighted imaging, FGF23 = fibroblast growth factor 23, FLAIR = fluid attenuated 
inversion recovery, GD-DTPA = gadopentetic acid, GKRS = gamma knife radiosurgery, IONM = intraoperative neurophysiological 
monitoring, MRI = magnetic resonance imaging, MRS = magnetic resonance spectroscopy, NSAIDs = nonsteroidal anti-inflammatory 
drugs, PET/CT = positron emission tomography/computed tomography, PMT = phosphaturic mesenchymal tumor, PMTMCT = 
phosphaturic mesenchymal tumor, mixed connective tissue type, PMTMECT = phosphaturic mesenchymal tumor, mixed epithelial, 
and connective tissue type, PRRT = peptide receptor radionuclide therapy, PTH = parathyroid hormone, RFA = radiofrequency 
ablation, TCM = traditional Chinese medicine, TE = echo time, TIO = tumor-induced osteomalacia, TmP/GFR = the ratio of tubular 
maximum reabsorption of phosphate, TRP = tubular reabsorption of phosphate, WHO = World Health Organization.

Keywords: hypophosphatemia, intracranial, osteomalacia, phosphaturic mesenchymal tumors, tumor-induced osteomalacia

1. Introduction
Tumor-induced osteomalacia (TIO) is a rare paraneoplastic syn-
drome characterized by hyperphosphaturia, hypophosphatemia, 
and elevated alkaline phosphatase (ALP) levels.[1] Most TIOs are 
caused by mesenchymal tumors,[2,3] also referred to as phospha-
turic mesenchymal tumors (PMTs).[4] PMTs often present as 

osteomalacia, manifesting as pathological fractures, progressive 
muscle weakness, bone pain, and difficulty in walking. These 
symptoms are not directly related to the tumor itself.[1,5]

PMTs are mostly benign, rarely undergo malignantly trans-
formation and metastasis, and are usually associated with fibro-
blast growth factor 23 (FGF23) overexpression.[1,5,6] PMTs can 
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occur in soft tissue or bone tissue. Soft tissues, are most com-
monly found in the extremities and acral sites, whereas bone 
tissues are usually located in the appendicular skeleton as well 
as head and neck regions. PMTs may occur in craniofacial areas, 
with the paranasal sinuses being the most common site; intra-
cranial occurrences are rare.[4] In this study, we report a rare case 
of intracranial PMT located in the right posterior cranial fossa. 
The patient exhibited hypophosphatemia and osteomalacia. We 
also reviewed the relevant literature.

2. Materials and methods
Informed consent was obtained from our study patient. Patient 
clinical information, including medical history, laboratory tests, 
pre- and postoperative imaging, pathological findings, and prog-
nosis, was collected and analyzed.

Using the PubMed database, a comprehensive collection of 
data was performed to review all the articles on intracranial 
PMTs through January 2024. The search terms included “phos-
phaturic mesenchymal tumor” and “osteomalacia,” and all arti-
cles on intracranial PMTs were included. In addition, we screened 
the references of these articles, and sinuses or skull tumors with 
intracranial extension were also included. We collected infor-
mation on the age, gender, tumor site, symptoms, disease dura-
tion, preoperative laboratory tests including the levels of serum 
phosphate, serum calcium, ALP, parathyroid hormone (PTH), 
1,25-dihydroxyvitamin D (1,25-[OH] 2D), 25-hydroxyvitamin 
D (25 [OH] D), and FGF23, pathological findings, treatment, 
recurrence, and outcomes of all reported patients. The disease 
duration ranged from the date of symptom onset to the date of 
the first operation. The normal ranges and units for various lab-
oratory tests varied in the reports. Depending on the reference 
ranges given in the reports, we replaced the values with normal, 
high or low labels. The data are displayed in Table 1.[7–36]

3. Results

3.1. Case report

A 56-year-old male patient with a right temporo-occipital tumor 
was found 8 years ago due to experiencing headache and dizzi-
ness. Laboratory tests revealed elevated ALP (178 U/L, normal 
range: 45 to 125 U/L), normal serum phosphorus (0.85 mmol/L, 
normal range: 0.85 to 1.51 mmol/L), and normal serum calcium 
(2.43 mmol/L, normal range: 2.11 to 2.58 mmol/L). The doctor 
recommended that the patient undergo a biopsy, but the patient 
refused, and only 4 radiotherapies (200 cGy) were performed. 
After the completion of radiotherapies, the ALP level returned 
to normal (73 U/L), the serum phosphate level decreased (0.38 
mmol/L), and the serum calcium level remained normal (2.24 
mmol/L). Seven years ago, the patient developed generalized 
bone pain, which was prominent in the lower back and both 
lower limbs, and gradually worsened along with pain symptoms. 
Imaging tests revealed degenerative changes in the thoracic and 
lumbar spine and multiple old fractures of the bilateral ribs. 
Bone densitometry revealed severe osteoporosis. Laboratory 
tests revealed that ALP was 379 U/L and that serum calcium 
and serum phosphorus levels were normal. With long-term oral 
nonsteroidal anti-inflammatory drugs (NSAIDs) and traditional 
Chinese medicine, the pain was slightly reduced; however, the 
patient still experienced obvious pain. Muscular atrophy of the 
limbs subsequently occurred, and the patient gradually became 
unable to walk. Ten days ago, the patient’s bilateral hips pain 
increased, and the effect of oral medication was poor. Therefore, 
the patient was admitted to the endocrinology department of our 
hospital. Imaging tests revealed pseudofractures of the bilateral 
femoral necks. (Fig. 1) Laboratory tests revealed hypophospha-
temia (0.32 mmol/L), elevated alkaline phosphatase (429 U/L, 
normal range: 45 to 125 U/L), 25 (OH) D deficiency (16.25 ng/

mL, normal range: >30), and an elevated level of FGF23 (158.7 
pg/mL, normal range: 23.3 to 95.4 pg/mL). Serum calcium and 
PTH levels were normal.

The patient was treated with calcium carbonate, calcitriol, 
vitamin D3, and NSAIDs in the endocrinology department. 
During this period, the patient suffered a fracture of the left 
proximal femur and was subsequently referred to the orthope-
dics department for surgical treatment (Fig. 1). The patient was 
highly suspected of having TIO due to the presence of hypo-
phosphatemia and osteomalacia, and the intracranial tumor 
was thought to be the cause. The patient was finally referred to 
the neurosurgery department.

Computed tomography (CT; Fig. 2) and magnetic resonance 
imaging (MRI; Fig. 3) revealed lesions occupying the right tem-
poral bone and part of the sphenoid and occipital bones. To 
clarify the nature of the lesion, positron emission tomography 
with 2-deoxy-2-[fluorine-18] fluoro-d-glucose integrated with 
CT (18F-FDG PET/CT; Fig. 4) was also performed, reveal-
ing that the intracranial lesion was considered the responsible 
lesion. Notably, 18F-AlF-NOTA-octreotide (18F-OC) PET/CT 
results revealed a high probability of PMT.

The patient finally underwent surgery. During the opera-
tion, the tumor tissue was grayish-red, brittle and extremely 
rich in blood flow, and there were fragments of bone inside 
the tumor. After the tumor was removed, bleeding of the bone 
was obvious. The bone invaded by the tumor as well as parts 
of the temporal and occipital muscles were removed, and the 
intraoperative neurophysiological monitoring (IONM) did not 
indicate any obvious changes in the cranial nerves. Because part 
of the tumor protruded into the jugular foramen and the ven-
tral aspect of the foramen magnum, it could not be completely 
removed. Postoperative radiation therapy was recommended 
for the patient.

Postoperative pathological diagnosis (Fig. 5) sug-
gested that the skull base lesion was consistent with a PMT. 
Immunohistochemical results revealed SSTR-2 (3+), Vimentin 
(+), CD56 (+), BCL-2 (+), CD99 (partially+), CK wide (−), PR 
(−), EMA (−), STAT6 (−), CD34 (vascular+), S-100 (−), NSE (−), 
and Ki-67 (index 5%). Postoperative imaging (Figs. 6 and 7) 
revealed that the patient had some residual tumor. The patient’s 
serum phosphate level returned to normal (0.86 mmol/L) after 2 
weeks, and at the 3-month follow-up after discharge, the patient 
had recovered well, with significant improvement in physi-
cal strength. The patient had also resumed the ability to walk 
independently.

3.2. Systematic review

In our review, 37 patients with intracranial PMTs were 
described, including our current patient. The clinical data for 
all 37 patients are shown in Table 1. There were 14 (37.8%) 
males and 23 (62.2%) females and the average age at diagnosis 
was 48.50 years (range: 8 to 71 years). One case (2.7%) was 
diagnosed in a patient aged from 0 to 20 years, 6 cases (16.2%) 
were diagnosed in patients aged from 20 to 40 years, 22 cases 
(59.5%) were diagnosed in patients aged from 40 to 60 years 
and 8 cases (21.6%) were diagnosed in patients of more than 60 
years. The most common site was the anterior cranial fossa in 
16 cases (43.2%), followed by the posterior cranial fossa in 11 
cases (29.7%), the middle cranial fossa in 7 cases (18.9%), the 
cavernous sinus in 2 cases (5.4%), and the frontoparietal bone 
in 1 case (2.7%).

Most patients had hypophosphatemia and osteomalacia. 
Except for 6 patients whose serum phosphate levels were not 
described, all patients had hypophosphatemia. Only 4 patients 
did not have osteomalacia (10.8%). Depending on the loca-
tion of the tumor, a few local symptoms may present. PMTs 
in the anterior cranial fossa may present with anosmia (3 
cases, 18.8%), nasal obstruction (3 cases, 18.8%), intracranial 
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hemorrhage (3 cases, 18.8%), abulia and personality changes (2 
cases, 12.5%), seizures (1 case, 6.3%), headache (1 case, 6.3%), 
and urinary and fecal incontinence (1 case, 6.3%). Middle cra-
nial fossa PMTs may present with hearing loss (2 cases, 28.6%), 
tinnitus (1 case, 14.3%), and facial nerve palsy (1 case, 14.3%). 
PMTs in the posterior cranial fossa may present with tinnitus (3 
cases, 27.3%), hearing loss (2 cases, 18.2%), vertigo (2 cases, 
18.2%), headache (2 cases, 18.2%), ataxia (1 case, 9.1%), and 
hypoglossal nerve palsy (11 cases, 9.1%). Lesions in the cav-
ernous sinus presented with visual disturbances and diplopia (2 
cases, 100%).

Thirty-six patients were treated with surgery. Total tumor 
resection was performed in 28 cases; 24 cases had a good 
prognosis with no evidence of disease (85.7%), and 4 cases 
recurred (14.3%). Five of the patients who underwent total 
tumor resection were given preoperative embolization, and 
one was given octreotide therapy after the operation; all 

of these patients had a good prognosis and no evidence of 
disease. Case 21 underwent 2 surgeries before total tumor 
resection, with an interval of 2 years, and had a good prog-
nosis with no evidence of disease. Subtotal resection of the 
tumor was performed in 8 patients, with improvement in 4 
cases (50%) and recurrence in 4 cases (50%). Case 1 was 
not given adjunctive therapy except medication because the 
tumor did not regrow after recurrence. Case 5 received ste-
reotactic gamma knife radiosurgery (GKRS) and octreotide 
therapy for recurrence, after which this patient’s symptoms 
improved. Case 18 relapsed 4 months after the first surgery 
and relapsed again 9 months after the second surgery. Because 
of recurrence and persistent symptoms after both surgeries, 
this patient was given peptide receptor radionuclide therapy 
(PRRT) combined with 177Lu-DOTATATE, and her symp-
toms improved after 3 months. Case 32 received postopera-
tive local radiotherapy due to subtotal resection of the tumor. 

Figure 1.  Pelvis radiograph (A) revealed pseudofractures of the bilateral femoral necks, irregular bone substance of the left superior and inferior ramus of pubis, 
and osteomalacia. computed tomography 3-dimensional imaging of the pelvis (B) showed bone discontinuity of the right superior ramus of pubis and left supe-
rior and inferior ramus of pubis, osteoporosis, nonhomogeneous density of the pelvis, and suspected fracture of the bilateral femoral necks. Fracture of the left 
proximal femur (C, left hip radiograph) occurring during hospitalization, with intramedullary fixation of fracture by open reduction (D, postoperative radiograph).
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After 2 years, recurrence occurred, and the patient underwent 
surgery again. It recurred 1 year later and was resected again. 
The patient’s symptoms persisted, and he died of brain herni-
ation 2 years later. Case 2, whose general condition was not 
suitable for tumor resection, underwent endoscopic biopsy 
only. This patient’s condition worsened after the biopsy, and 
he eventually died.

4. Discussion
Before 1987, the histologic features of PMTs were poorly 
understood, leading to varied diagnoses. In 1987, Weidner et al 
named these metabolic bone diseases, which cause osteomala-
cia, PMTs.[37] In 2013, PMTs were included in the World Health 
Organization (WHO) for the first time and were classified as 
intermediate bone tumors with rare metastasizing behavior.[38]

The most common sites of PMTs are the extremities, partic-
ularly the lower extremities[39]; only 5% occur in the craniofa-
cial region,[14] with 61.9% of these in the sinuses.[8] Intracranial 
PMTs most frequently occur in the anterior cranial fossa 
(63.2%),[35] which is consistent with our findings. According 
to a study, PMTs are diagnosed between the age of 30 and 60 
years, with a median age of 46 years. The male-to-female ratio 
was 0.7:1.[3] In contrast, in head and neck PMTs, the female-to-
male ratio was 1.6:1.[8] In our review of intracranial PMTs, the 
age distribution was consistent with the general data, whereas 
the sex distribution showed a female predominance (1.7:1). We 
report the case of a male patient with a PMT located in the 
posterior cranial fossa, which is extremely rare in terms of both 
sex and site.

Unlike PMTs in general, intracranial PMTs may present with 
diverse local symptoms depending on the tumor site, in addi-
tion to typical osteomalacia-related symptoms such as fractures, 
bone pain, and muscle weakness. In our review, the most com-
mon symptoms of anterior cranial fossa PMTs confined to the 
cranium were abulia and personality changes (11.1%), as well 
as anosmia (16.7%) and nasal obstruction (16.7%) if the sinuses 
were involved. Middle cranial fossa PMTs most frequently 
cause hearing loss (28.6%), whereas posterior cranial fossa 
PMTs are often associated with tinnitus (27.3%). Lesions in the 

cavernous sinus frequently result in visual disturbances and dip-
lopia (100%). Some patients may develop severe, life-threatening  
symptoms owing to tumor growth. We reviewed 3 patients who 
developed spontaneous intracranial hemorrhage, all in the ante-
rior cranial fossa; one of these patients ultimately died. When 
evaluating patients with osteomalacia-related symptoms, it 
is crucial to consider potential local tumor-related symptoms. 
Neurological examinations should be promptly performed in 
patients showing central nervous system damage or infiltrative 
symptoms to enable early detection and treatment.

PMTs typically present as low serum phosphate, elevated ALP, 
and increased FGF23 levels. Among all patients with available 
data, 100% exhibited low serum phosphate and high ALP lev-
els, whereas 91.0% had elevated FGF23 levels. PMTs are usu-
ally associated with the overexpression of FGF23, which inhibits 
the secretion of PTH and 1,25(OH)2D3. This disruption affects 
phosphate metabolism, leading to decrease in the intestinal 
reabsorption and urinary excretion of phosphate. This condi-
tion results in hypophosphatemia, which can lead to osteomala-
cia, manifesting as progressive muscle weakness, bone pain, and 
fractures.[40,41] In addition to FGF23 levels, tubular reabsorption 
of phosphate and the ratio of tubular maximum reabsorption of 
phosphate (TmP/GFR) are crucial for the diagnosing PMT and 
distinguishing between reduced phosphate absorption and renal 
phosphate loss – key factors that are currently lacking in our 
case. Although there is no doubted in diagnosis, the clinical data 
remains incomplete. Moreover, we only reported the patient’s 
25 (OH) D level and lacked the 1,25(OH)2D3 level, which is 
something we need to improve. Ensuring comprehensive data 
collection will enhance our ability to accurately diagnose and 
manage the disease.

Notably, PMTs often have nonspecific symptoms, are usu-
ally small, and occur in specific locations, making them chal-
lenging to detect and localize. Consequently, misdiagnosis and 
delayed diagnosis are common, often resulting in failure to 
provide accurate and timely diagnoses. In our review, the aver-
age delay before the diagnosis of PMTs was approximately 5 
years. The definitive diagnosis of PMTs require a comprehensive 
evaluation, including detailed medical history, physical exam-
ination, laboratory tests, and imaging findings. When patients 

Figure 2.  Preoperative computed tomography (A and B) revealed bone destruction of the right temporal bone, which was filled with soft tissue density, 
encroaching on the right inner and middle ear structures, encompassing the right internal carotid artery, partially entering the sphenoid sinus, and destroying 
the occipital bone posteriorly.
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present with unexplained hypophosphatemia and osteomalacia, 
common causes such as vitamin D deficiency should first be 
excluded. A comprehensive physical examination should follow 
to identify potential tumors and confirm the diagnosis of PMTs. 
Imaging findings are particularly important.

Currently, the main imaging tools for the diagnosis of PMTs 
are CT, MRI, PET-CT, and octreotide imaging. In 2013, a study 
by Michelle Houang et al demonstrated that PMTs express 
various surface receptors, making octreotide imaging a useful 
diagnostic tool.[42] Similarly, in a study by Gupta et al,[39] 8 cases 
where octreotide scanning (DOTANOC-PET/CT) was per-
formed, all had positive lesion uptake. Our patient underwent 

octreotide imaging when the diagnosis was unclear, which 
resulted in a high suspicion of PMT. Recently, a meta-analysis  
showed that 68Ga-DOTA-SST PET/CT is more effective than 
octreoscan-SPECT/CT for diagnosing PMTs.[43] However, its 
high cost limits widespread application.[44] Our patient had sig-
nificant bone pain, multiple fractures, difficulty walking, and 
other symptoms of osteomalacia. Biochemical tests revealed a 
significant decrease in serum phosphate levels and an increase 
in the ALP levels; FGF23 levels were much greater than normal. 
18F-OC PET/CT revealed a high possibility of PMT, and the 
patient was diagnosed with PMT. However, the most definitive 
diagnosis relies on pathological examination.

Figure 3.  Preoperative magnetic resonance imaging revealed irregular heterogeneous T1 (A) and T2 (B) signals intensity in the right temporal bone and part 
of the sphenoid and occipital bone, heterogeneous signals intensity in the FLAIR sequence (C). The neighboring brain tissues were slightly compressed and 
displaced, and the fourth ventricle was compressed and deformed. After injection of GD-DTPA (D), large patchy abnormally enhanced areas were observed in 
the right sphenoid sinus area, clival, right temporal, petrous and pyramid areas; and right cervical area, with clear boundaries, and the right temporal area and 
right cerebellum were affected. Diffusion weighted imaging (E) and apparent diffusion coefficient (F) revealed partial restricted diffusion. The magnetic resonance 
spectroscopy (G) localization frame was located in the right temporal bone and part of the sphenoid and occipital lesions, with a TE = 135 ms, baseline insta-
bility, and waveform disorder. FLAIR = fluid attenuated inversion recovery, GD-DTPA = gadopentetic acid, TE = echo time.
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In 1987, Weidner et al classified PMTs into 4 pathological 
types: phosphaturic mesenchymal tumor, mixed connective 
tissue type (PMTMCT); phosphaturic mesenchymal tumor, 
osteoblastoma-like; phosphaturic mesenchymal tumor, 
non-ossifying fibroma-like; phosphaturic mesenchymal 
tumor, ossifying fibroma-like.[37] Among these, PMTMCT is 
the most common subtype. In 2004, Folpe et al reviewed 32 
new cases and concluded that there is essentially only one 
type of PMTMCT for PMTs.[2] In 2019, Wu et al summarized 

the clinicopathological and immunohistochemical analyses of 
22 patients with PMTs and proposed a new variant termed 
phosphaturic mesenchymal tumor, mixed epithelial, and con-
nective tissue type (PMTMECT).[45] However, to our knowl-
edge, there is no definitive pathological diagnosis for PMTs 
to date.

Although PMTs are rare diseases, most of them are benign, 
and surgical resection of the tumor is the first choice of treat-
ment for PMTs, which not only improves abnormalities in 

Figure 4.  18F-FDG PET/CT (A and B) and 18F-OC PET/CT (C) revealed a mixed density mass in the right temporo-occipital region, with compression and 
displacement of the surrounding brain parenchyma, bone destruction of the right sphenoid, temporal bone and part of the occipital bone, and radioac-
tive distribution was unevenly increased (18F-FDG PET/CT: SUVmax = 6.8, 18F-OC PET/CT: SUVmax = 10.9). Thoracic deformity was seen, with multiple 
ribs substance disorganization and osteotylus formation, and radioactivity distribution was mildly increased (18F-FDG PET/CT: SUVmax = 1.1, 18F-OC PET/
CT: SUVmax = 2.0). Striped low-density shadows were seen in the bilateral proximal femur, and the radioactivity distribution of the left proximal femur was 
abnormally high (18F-FDG PET/CT: SUVmax = 7.1, 18F-OC PET/CT: SUVmax = 4.1). Decreased bone density in the skull, spine, pelvis, and extremities, 
multiple osteophyte formations in the lumbar spine, with no obvious abnormalities in radioactive distribution. 18F-FDG PET/CT results suggested that the right  
temporo-occipital mass after radiotherapy, inhomogeneous increase in metabolism, and the temporo-occipital tumor was considered the responsible lesion. 
18F-OC PET/CT results suggested that the right temporo-occipital lesion had inhomogeneous high expression of octreotide, and the high probability of PMT. 
18F-FDG = 2-deoxy-2-[fluorine-18] fluoro-d-glucose, 18F-OC = 18F-AlF-NOTA-octreotide, PET/CT = positron emission tomography/computed tomography, 
PMT = phosphaturic mesenchymal tumor.
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biochemical parameters but also resolves osteomalacia and 
promotes bone substance remineralization. The degree of 
surgical resection is correlated with tumor recurrence and 
symptom persistence. Complete tumor resection is the only 
treatment available to cure PMTs, and wide-margin tumor 
resection is necessary to reduce recurrence.[41] Postoperative 
serum phosphate and FDF23 levels can quickly recover 
with remarkable clinical results. However, incomplete 
tumor resection can lead to local recurrence and recovery of 
related symptoms.[46] Radiotherapy or radiofrequency abla-
tion (RFA) can be used as an adjunctive treatment when the 
tumor cannot be completely resected for various reason.[47,48] 
Medication therapy (oral supplementation with phosphates 
and 1,25(OH)2D3) is required for patients with undetected 
tumors or tumors that cannot be completely resected.[49,50] 
For patients with disease progression or recurrence, new 
therapies, such as human monoclonal anti-FGF-23 anti-
bodies, KRN23, somatostatin analogs and peptide receptor 
radionuclides, can be applied.[51] Burosumab, a fully human 
monoclonal antibody against FGF23, can normalize phos-
phate metabolism by blocking excess FGF23. Recent stud-
ies have shown that Burosumab is superior to conventional 
medications in terms of efficacy, and can improve calcifi-
cation. For patients whose tumors cannot be removed, are 
localized, or whose risk of surgery is too high, Burosumab 
may be an effective alternative to conventional treat-
ment.[52,53] Burosumab was approved by the FDA for the 
treatment of TIO in children and adults.[54] In intracranial 
PMTs, tumors are adjacent to important structures, blood 
vessels, and nerves, and it is sometimes difficult to achieve 
complete resection. Therefore, adjunctive postoperative 
treatment is important. In our review, the recurrence rate 
was significantly lower (14.3%) following total resection 
compared to subtotal resection (50%). The 4 patients who 
relapsed after subtotal tumor resection received adjunctive 
therapies with drugs, stereotactic gamma knife radiosurgery 
and octreotide, PRRT, and local radiotherapy. Among these 
patients, all but one had a favorable prognosis. The patient 
who received postoperative local radiotherapy succumbed 
to multiple recurrences and disease progression. Therefore, 
when complete resection of intracranial PMTs is unattain-
able, neurosurgeons should proactively seek adjunctive ther-
apies with drugs, octreotides, and radiotherapy to reduce the 
risk of tumor recurrence.

5. Limitation
Owing to the rarity of PMTs, most available studies are case 
reports, and large-scale clinical studies are lacking. Surgical 
resection is the preferred treatment option; however, the efficacy 
of various adjunctive therapeutic modalities has not been clearly 
recognized. Our review highlighted significant variability in the 
documentation of biochemical parameters, hindering effective 
comparative analysis of intracranial PMTs at different sites. 
Therefore, additional clinical studies are required for devel-
oping standardized treatment protocols. Detailed reporting of 
all laboratory and clinical indicators is critical to advance the 
understanding of PMTs.

6. Conclusion
PMTs are rare diseases that can occur in any part of the body 
but rarely affect the intracranial cavity. Intracranial PMTs 
should be strongly suspected in patients presenting with hypo-
phosphatemia, osteomalacia, and intracranial occupancy. PET/
CT imaging is an effective diagnostic tool for identifying poten-
tial PMTs. The current standard of care is complete tumor 
resection, which is he only definitive treatment for PMTs. If 
the patient’s general condition permits, total lesion excision 
should be performed. Medication and radiation therapy can 
be used as adjunct therapies. Therefore, early diagnosis and 
treatment should be considered to improve the prognosis of 
patients with PMTs.
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Figure 5.  Pathological specimens: (The skull base lesion) A pile of grayish- 
white and grayish-red crushed tissue with a total volume of 5 cm × 4 
cm × 2.5 cm. The cut surface was grayish-white, grayish-red, and had a soft 
texture. Pathologic diagnosis: Combined with immunohistochemical results 
consistent with PMT. PMT = phosphaturic mesenchymal tumor.

Figure 6.  Postoperative computed tomography revealed partial loss of the 
right skull, with mixed density shadows and gas shadows in the operative 
area.



15

Song et al.  •  Medicine (2025) 104:8� www.md-journal.com

References
	 [1]	 Liu Y, He H, Zhang C, Zeng H, Tong X, Liu Q. Phosphaturic mes-

enchymal tumors: rethinking the clinical diagnosis and surgical treat-
ment. J Clin Med. 2022;12:252.

	 [2]	 Folpe AL, Fanburg-Smith JC, Billings SD, et al. Most osteomalacia- 
associated mesenchymal tumors are a single histopathologic entity: an 
analysis of 32 cases and a comprehensive review of the literature. Am J 
Surg Pathol. 2004;28:1–30.

	 [3]	 Bosman A, Palermo A, Vanderhulst J, et al. Tumor-induced osteo-
malacia: a systematic clinical review of 895 cases. Calcif Tissue Int. 
2022;111:367–79.

	 [4]	 Folpe AL. Phosphaturic mesenchymal tumors: a review and update. 
Semin Diagn Pathol. 2019;36:260–8.

	 [5]	 Benson JC, Trejo-Lopez JA, Nassiri AM, et al. Phosphaturic mesenchy-
mal tumor. AJNR Am J Neuroradiol. 2022;43:817–22.

	 [6]	 Hartley IR, Roszko KL, Li X, et al. Infigratinib reduces fibroblast 
growth factor 23 (FGF23) and increases blood phosphate in tumor- 
induced osteomalacia. JBMR Plus. 2022;6:e10661.

	 [7]	 David K, Revesz T, Kratimenos G, Krausz T, Crockard HA. Oncogenic 
osteomalacia associated with a meningeal phosphaturic mesenchymal 
tumor. Case report. J Neurosurg. 1996;84:288–92.

	 [8]	 Gonzalez-Compta X, Mañós-Pujol M, Foglia-Fernandez M, et al. 
Oncogenic osteomalacia: case report and review of head and neck asso-
ciated tumours. J Laryngol Otol. 1998;112:389–92.

	 [9]	 Reis-Filho JS, Paiva ME, Lopes JM. August 2003: 47-year-old female 
with a 7-year history of osteomalacia and hypophosphatemia. Brain 
Pathol. 2004;14:111–2, 115.

	[10]	 Kaylie DM, Jackson CG, Gardner EK. Oncogenic osteomalacia 
caused by phosphaturic mesenchymal tumor of the temporal bone. 
Otolaryngol Head Neck Surg. 2006;135:653–4.

	[11]	 Yoshioka K, Nagata R, Ueda M, et al. Phosphaturic mesenchymal 
tumor with symptoms related to osteomalacia that appeared one year 
after tumorectomy. Intern Med. 2006;45:1157–60.

	[12]	 Elston MS, Stewart IJ, Clifton-Bligh R, Conaglen JV. A case of onco-
genic osteomalacia with preoperative secondary hyperparathyroidism: 
description of the biochemical response of FGF23 to octreotide therapy 
and surgery. Bone. 2007;40:236–41.

Figure 7.  Postoperative magnetic resonance imaging revealed irregular heterogeneous T1 (A) and T2 (B) signal intensity in the operated area, heterogeneous 
signals intensity in the FLAIR sequence (C), and no obvious abnormalities was seen in the enhancement scan (D).



16

Song et al.  •  Medicine (2025) 104:8� Medicine

	[13]	 Kobayashi K, Nakao K, Kawai K, et al. Tumor-induced osteomala-
cia originating from the temporal bone: a case report. Head Neck. 
2011;33:1072–5.

	[14]	 Uno T, Kawai K, Kunii N, et al. Osteomalacia caused by skull base 
tumors: report of 2 cases. Neurosurgery. 2011;69:E239–44; discussion 
E244.

	[15]	 Syed MI, Chatzimichalis M, Rössle M, Huber AM. Recurrent phospha-
turic mesenchymal tumour of the temporal bone causing deafness and 
facial nerve palsy. J Laryngol Otol. 2012;126:721–4.

	[16]	 Chokyu I, Ishibashi K, Goto T, Ohata K. Oncogenic osteomalacia 
associated with mesenchymal tumor in the middle cranial fossa: a case 
report. J Med Case Rep. 2012;6:181.

	[17]	 Xian-Ling W, Jian-Ming B, Wen-Wen Z, et al. Osteomalacia caused by 
tumors in facies cranii mimicking rheumatoid arthritis. Rheumatol Int. 
2012;32:2573–6.

	[18]	 Bower RS, Daugherty WP, Giannini C, Parney IF. Intracranial phospha-
turic mesenchymal tumor, mixed connective tissue variant presenting 
without oncogenic osteomalacia. Surg Neurol Int. 2012;3:151.

	[19]	 Mathis DA, Stehel EJ Jr, Beshay JE, Mickey BE, Folpe AL, Raisanen 
J. Intracranial phosphaturic mesenchymal tumors: report of 2 cases. J 
Neurosurg. 2013;118:903–7.

	[20]	 Fathalla H, Cusimano M, Di Ieva A, Karamchandani J, Fung R, 
Kovacs K. Osteomalacia-inducing tumors of the brain: a case report, 
review and a hypothesis. World Neurosurg. 2015;84:189.e1–189.
e1895.

	[21]	 Ellis MB, Gridley D, Lal S, Nair GR, Feiz-Erfan I. Phosphaturic mesen-
chymal tumor of the brain without tumor-induced osteomalacia in an 
8-year-old girl: case report. J Neurosurg Pediatr. 2016;17:573–7.

	[22]	 Basu S, Fargose P. 177Lu-DOTATATE PRRT in recurrent skull-base 
phosphaturic mesenchymal tumor causing osteomalacia: a potential 
application of PRRT beyond neuroendocrine tumors. J Nucl Med 
Technol. 2016;44:248–50.

	[23]	 Mulani M, Somani K, Bichu S, Billa V. Tumor-induced hypophosphate-
mia. Indian J Nephrol. 2017;27:66–8.

	[24]	 González G, Baudrand R, Sepúlveda MF, et al. Tumor-induced osteoma-
lacia: experience from a South American academic center. Osteoporos 
Int. 2017;28:2187–93.

	[25]	 Hana T, Tanaka S, Nakatomi H, et al. Definitive surgical treat-
ment of osteomalacia induced by skull base tumor and determina-
tion of the half-life of serum fibroblast growth factor 23. Endocr J. 
2017;64:1033–9.

	[26]	 Ding J, Wang L, Zhang S, Li F, Huo L. Recurrent/residual intracranial 
phosphaturic mesenchymal tumor revealed on 68Ga-DOTATATE PET/
CT. Clin Nucl Med. 2018;43:674–5.

	[27]	 Villepelet A, Casiraghi O, Temam S, Moya-Plana A. Ethmoid tumor 
and oncogenic osteomalacia: case report and review of the literature. 
Eur Ann Otorhinolaryngol Head Neck Dis. 2018;135:365–9.

	[28]	 Mishra T, Desouza MA, Patel K, Mazumdar GA. Phosphaturic mesen-
chymal tumors involving skull bones: report of two rare cases. Asian J 
Neurosurg. 2019;14:253–5.

	[29]	 Walsh EM, Jacob J, Lucas DR, Sargent EW. Phosphaturic mesenchymal 
tumor of the cerebellopontine angle. JAMA Otolaryngol Head Neck 
Surg. 2019;145:287–8.

	[30]	 Gunawat PV, Shaikh ST, Deopujari CE. Tumour-induced osteoma-
lacia secondary to intracranial tumours - report of 2 cases. J Assoc 
Physicians India. 2019;67:85–6.

	[31]	 Hadelsberg UP, Doviner V, Frankel M, Gonen L, Munter G, Margalit 
N. A rare brain tumor encountered: phosphaturic mesenchymal 
tumor. Case report and review of the literature. Interdiscip Neurosurg. 
2019;16:91–4.

	[32]	 Colazo JM, Thompson RC, Covington NV, Dahir KM. An intracranial 
mass causing tumor-induced osteomalacia (TIO): rapid and complete 
resolution of severe osteoporosis after surgical resection. Radiol Case 
Rep. 2020;15:492–7.

	[33]	 Tang R, Mao S, Lin H, et al. Surgical treatment and outcomes for sin-
onasal and skull base phosphaturic mesenchymal tumors. Otolaryngol 
Head Neck Surg. 2020;162:674–82.

	[34]	 Riminucci M, Colangelo L, Ungari C, Cassoni A, Minisola S, Corsi 
A. Naso-ethmoidal phosphaturic mesenchymal tumor: a rare tumor 
site for an uncommon paraneoplastic syndrome. Ear Nose Throat J. 
2022;101:289–91.

	[35]	 Argersinger DP, Haring CT, Hanks JE, et al. Phosphaturic mesenchymal 
tumors of the sinonasal area and skull base: experience at a single insti-
tution. Ann Otol Rhinol Laryngol. 2022;131:647–54.

	[36]	 Kojima D, Ohba S, Abe M, et al. Intracranial phosphaturic mesenchy-
mal tumors. A case report and review of literature. Neuropathology. 
2022;42:453–8.

	[37]	 Weidner N, Santa Cruz D. Phosphaturic mesenchymal tumors. 
A polymorphous group causing osteomalacia or rickets. Cancer. 
1987;59:1442–54.

	[38]	 Mangham DC, Kindblom LG. Rarely metastasizing soft tissue tumours 
[published correction appears in Histopathology.2014 Mar;64(4):608]. 
Histopathology. 2014;64:88–100.

	[39]	 Gupta A, Kandasamy D, Sharma R, et al. Imaging characteristics of 
phosphaturic mesenchymal tumors. Acta Radiol. 2023;64:2061–73.

	[40]	 Marques JVO, Moreira CA, Borba VZC. New treatments for rare bone 
diseases: hypophosphatemic rickets/osteomalacia. Arch Endocrinol 
Metab. 2022;66:658–65.

	[41]	 Minisola S, Peacock M, Fukumoto S, et al. Tumour-induced osteomala-
cia. Nat Rev Dis Primers. 2017;3:17044.

	[42]	 Houang M, Clarkson A, Sioson L, et al. Phosphaturic mesenchymal 
tumors show positive staining for somatostatin receptor 2A (SSTR2A). 
Hum Pathol. 2013;44:2711–8.

	[43]	 Jiang Y, Hou G, Cheng W. Performance of 68Ga-DOTA-SST PET/CT, 
octreoscan SPECT/CT and 18F-FDG PET/CT in the detection of culprit 
tumors causing osteomalacia: a meta-analysis. Nucl Med Commun. 
2020;41:370–6.

	[44]	 Palmisciano P, Watanabe G, Conching A, et al. The role of [68Ga]Ga- 
DOTA-SSTR PET radiotracers in brain tumors: a systematic  
review of the literature and ongoing clinical trials. Cancers (Basel). 
2022;14:2925.

	[45]	 Wu H, Bui MM, Zhou L, Li D, Zhang H, Zhong D. Phosphaturic mesen-
chymal tumor with an admixture of epithelial and mesenchymal elements 
in the jaws: clinicopathological and immunohistochemical analysis of 22 
cases with literature review. Mod Pathol. 2019;32:189–204.

	[46]	 Kobayashi H, Makise N, Ito N, et al. Surgical margin for phosphaturic 
mesenchymal tumors in soft tissues: an analysis of the radiological his-
topathological correlation. J Orthop Sci. 2021;26:870–7.

	[47]	 Mishra SK, Kuchay MS, Sen IB, Garg A, Baijal SS, Mithal A. Successful 
management of tumor-induced osteomalacia with radiofrequency abla-
tion: a case series. JBMR Plus. 2019;3:e10178.

	[48]	 Jadhav S, Kasaliwal R, Shetty NS, et al. Radiofrequency ablation, an 
effective modality of treatment in tumor-induced osteomalacia: a case 
series of three patients. J Clin Endocrinol Metab. 2014;99:3049–54.

	[49]	 Brandi ML, Clunie GPR, Houillier P, et al. Challenges in the manage-
ment of tumor-induced osteomalacia (TIO). Bone. 2021;152:116064.

	[50]	 Dahir K, Zanchetta MB, Stanciu I, et al. Diagnosis and management of 
tumor-induced osteomalacia: perspectives from clinical experience. J 
Endocr Soc. 2021;5:bvab099.

	[51]	 Wang X, Gao J, Han S, Li Y. Spinal phosphaturic mesenchymal tumors: 
case report and literature review. J Clin Neurosci. 2019;63:234–9.

	[52]	 Imanishi Y, Ito N, Rhee Y, et al. Interim analysis of a phase 2 open-label 
trial assessing burosumab efficacy and safety in patients with tumor- 
induced osteomalacia. J Bone Miner Res. 2021;36:262–70.

	[53]	 Jan de Beur SM, Miller PD, Weber TJ, et al. Burosumab for the treatment 
of tumor-induced osteomalacia. J Bone Miner Res. 2021;36:627–35.

	[54]	 Goyal A, Tandon N. Burosumab: current status and future prospects. 
Best Pract Res Clin Endocrinol Metab. 2024;38:101826.


