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Abstract 

Background This case reports a rare disease in which the clinical symptoms are completely inconsistent with the pri-
mary site. As the occurrence of this disease is partly rare, the challenges in the diagnosis of phosphaturic mesenchy-
mal tumors are discussed. It also provides a new clinical treatment option, that is, the combined treatment with anlo-
tinib capsules after surgery and the long-term follow-up to observe the effect of the combined treatment.

Case presentation A 27-year-old Chinese woman presented with generalized pain and multiple fractures for 2 years. 
The present case was initially thought to be hematogenous and involved a malignant predisposition. After initial 
positron emission tomography-computed tomography imaging, endoscopic resection of the lesion was performed, 
and a biopsy confirmed the diagnosis of phosphaturic mesenchymal tumor. Following pathological confirmation, 
the patient was treated with anlotinib capsules. Post-treatment, the patient regained the ability to walk. The patient 
was monitored for 2 years, during which time no recurrence was observed.

Conclusions Phosphaturic mesenchymal tumors include rare cranial base neoplasms that are often overlooked due 
to their nonspecific symptoms. Accurate diagnosis requires a comprehensive assessment, encompassing systemic 
evaluation, laboratory tests, imaging studies, and microscopic examination. This case demonstrates the innovative use 
of anlotinib capsules in the treatment of PMTs. After 2 years, no recurrence was observed, and the patient returned 
to normal life. Effective management of this condition necessitates a multidisciplinary approach involving otolaryn-
gologists, radiologists, nuclear medicine specialists, and pathologists.
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Background
Phosphaturic mesenchymal tumors (PMTs) reported 
in skull base are a kind of rare disease, typically rep-
resenting cases of tumor-induced osteomalacia (TIO) 
associated with mesenchymal tumors originating from 
a single entity. TIO is associated with cancer in only a 
few cases; however, it has become increasingly clear in 
recent years that osteomalacia caused by mesenchymal 
tumors almost always pertains to a tumor with unique 
morphological and genetic characteristics [1]. Osteo-
malacia refers to insufficient or delayed mineralization 
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of osteoid tissue in mature bone. Therefore, the main 
clinical symptoms include muscle pain and progres-
sive weakness, often lasting for months or years. PMTs 
can also cause TIO, and a recent study reported that 
the average time from symptom onset to diagnosis of 
osteomalacia was 3 years, consistent with this case 
[2]. Furthermore, phosphaturic mesenchymal tumors 
almost invariably present with chronic hypophos-
phatemia rather than symptoms directly related to the 
tumor itself. Similar to osteomalacia caused by other 
factors, skeletal pain and fractures may occur as the 
disease progresses. The disease site is typically iden-
tified through PET-CT when multiple fractures occur 
throughout the body.

PMTs predominantly occur in middle-aged individu-
als, although extremely rare cases have been reported 
in infants and the elderly [3]. PMTs can occur almost 
anywhere in soft tissues or bones but are most com-
mon in the extremities [4], especially their distal parts, 
and less so in the head and neck, where they tend to 
be benign and associated with TIO syndrome, par-
ticularly in the paranasal sinuses [5]. According to 
2022 data, only 5% of PMT cases occur in craniofacial 
regions, making initial diagnosis challenging. The vast 
majority of phosphaturic mesenchymal tumors are 
benign, and hypophosphatemia and osteomalacia can 
gradually improve after complete resection. However, 
the reported recurrence rate of PMTs ranges from 0% 
to 57%, with local recurrence often linked to incom-
plete resection, surgical experience, and the extent of 
resection margins [6]. Additionally, there has been a 
report of a histologically benign tumor metastasizing 
to the lungs [7].

Case presentation
A female patient aged 27 years resented with a 2-year 
history of bone pain in the lumbosacral region and both 
lower legs; 3 months before admission, the patient devel-
oped a pathological fracture of the pelvis, as the pain in 
her lower limbs and back progressively worsened, lim-
iting her ability to walk and turn over in bed. Pharma-
cological treatments aimed at protecting bone health 
were ineffective (Fig.  1), and she eventually became 
wheelchair-bound.

One month before admission, positron emission 
tomography-computed tomography (PET-CT) revealed 
soft tissue thickening (14 mm × 7 mm) with high soma-
tostatin receptor expression in the right skull base, sug-
gestive of a neuroendocrine tumor, and widespread bone 
lesions with abnormal metabolism and destruction, 
indicative of metabolic bone disease.

The patient presented to Department of Otorhinolaryn-
gology for treatment due to a skull base mass discovered 
by PET-CT. There was no history of nasal obstruction, 
rhinorrhea, epistaxis, or hyposmia. Otorhinolaryngologi-
cal examination did not reveal any positive signs, and 
there was no history of trauma or relevant hereditary 
diseases in the family. Laboratory tests showed a serum 
calcium level of 2.73 mmol/L (normal range: 2.11–2.52 
mmol/L), phosphate level < 0.32 mmol/L (normal range: 
0.85–1.51 mmol/L), and alkaline phosphatase (ALP) level 
of 381 U/L (normal range: 35–100 U/L); other blood tests 
were within normal limits. Magnetic resonance imag-
ing (MRI) of the nasopharynx and cranial base with and 
without contrast revealed a round lesion approximately 
14 mm × 7 mm in size located in the right pterygopala-
tine fossa, showing isointense signal on T1-weighted 
images, slightly hyperintense signal on T2-weighted 
images, and markedly homogeneous enhancement on 

Fig. 1 Multiple fracture radiographic imaging demonstrating irregular bone morphology with callus formation in the bilateral inferior pubic rami (B 
blue arrows), ischium (B yellow arrows), and proximal fibulae (A red arrows)
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post-contrast imaging, suggesting a high possibility of a 
neuroendocrine tumor (Fig. 2).

Endoscopic transnasal resection of the skull base lesion: 
intraoperatively, the lesion was found adherent to the 
dura mater of the skull base, exhibiting expansive growth. 
The tumor was approximately 1.5 cm in diameter, gray–
white in color, soft in consistency, and well vascularized. 
It was completely excised under direct visualization.

On postoperative day 5, the serum phosphate level was 
0.53 mmol/L (normal range: 0.85–1.51 mmol/L), and the 
serum calcium level had returned to the normal range. 
At discharge, the patient reported some relief from bone 
pain.

Immunohistochemistry demonstrated positiv-
ity staining for vimentin (+ +), SSTR2 (+ + +), ERG 
(+ +), CD56 (+ +), and SATB2 (+ + +), while negative 
for CD34, STAT6, S100, and CgA. On the basis of the 

immunoreactivity of CD56, the possibility of EWSR1 
and SYT gene breakage was proposed. Gene testing and 
immunohistochemistry for CD99 on the tissue sample 
were both negative, ruling out the diagnosis of Ewing’s 
sarcoma and synovial sarcoma. Considering the cytology 
of the cells as mild spindle cells, rich interstitial vessels, 
and strong immunoreactivity of ERG, PMT was consid-
ered, SATB2 and SSTR2 was performed, which showed 
strong expression for the two markers. Combined with 
the manifestation of systemic hypophosphatemia, the 
pathological diagnosis of PMT was confirmed (Fig. 3).

At 2 months after surgery, pending pathological confir-
mation, the patient was treated with sodium clodronate 
injection (10 mg) to alleviate bone pain. Targeted drug 
regimens were provided to patients and their families, 
and both parties agreed to proceed. For targeted therapy, 
anlotinib capsules at a dose of 12 mg were prescribed 

Fig. 2 Magnetic resonance imaging with and without contrast enhancement showing a round area of abnormal signal (as indicated by arrow) 
in the right pterygopalatine fossa, measuring approximately 14 mm × 7 mm (The arrows point to the tumor)
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to be taken orally once daily, with one course lasting 14 
days.

At 6 months postoperatively, the patient’s serum cal-
cium level was 2.64 mmol/L (normal range: 2.11–2.52 
mmol/L), phosphate level was 0.72 mmol/L (normal 
range: 0.85–1.51 mmol/L), and alkaline phosphatase 
(ALP, not ALT) level was 127 U/L (normal range: 35–100 
U/L). Follow-up MRI showed no significant signs of local 

recurrence compared to the scan before surgery (Fig. 4). 
At the 12-month follow-up, the patient experienced sig-
nificant relief from bone pain, with serum calcium and 
phosphate levels returning to the normal range, and 
no limitations in daily walking ability. At the 16-month 
follow-up, the patient had returned to normal work 
and life activities. A whole-body PET-CT scan showed 
no signs of tumor recurrence in the surgical area, and 

Fig. 3 Tumor tissue observed under the microscope arranged in solid sheets, with stroma rich in thin-walled or thick-walled vessels, and focal 
mucinous metaplasia. The tumor cells are spindle-shaped or ovoid, with approximately two mitotic figures per ten high-power fields (HPF). 
Immunohistochemically, the tumor shows an immunophenotype of SSTR2 (+ + +), ERG (+ +), CD56 (+ +), SATB2 (+ + +)
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fludeoxyglucose F18 (18 F-FDG)-PET/CT whole-body 
imaging did not show any malignant metabolic images in 
other parts of the body (Table 1).

Discussion
Patients with PMT typically present with bone pain, 
muscle weakness, and multiple fractures. PMTs often 
harbor FN1-FGFR1 (42%) or FN1-FGF1 (6%) fusions, 
leading to activation of the tyrosine kinase FGFR1 
signaling pathway, which drives tumorigenesis and 
up-regulation of FGF23 expression [8]. Because tumor 
cells produce serum fibroblast growth factor-23 (FGF-
23), renal tubular phosphate reabsorption is abnormal 
or reduced. The main biochemical marker findings 
were hypophosphatemia, normal or low serum 1, 
25-dihydroxyvitamin D levels, elevated serum alkaline 

phosphatase levels, and elevated or abnormal FGF-23 
levels [6]. Neuroendocrine tumor cells express high 
levels of somatostatin receptors on their surface, which 
can bind specifically to somatostatin, aiding in the 
localization of the tumor; imaging techniques such as 
somatostatin receptor scintigraphy and 68 Ga-DOTA-
TATE PET/CT help in localizing the tumor [9, 10].

Immunohistochemistry has limited value, and the 
basic diagnosis includes the combination of clini-
cal manifestations. Most studies suggest that the 
immunophenotype of these tumors is typically posi-
tive for vimentin, with focal expression of CD34, 
SMA, PGP9.5, S100, Syn, and dentin matrix protein-1 
(DMP-1) observed in some cases [1]. Recent stud-
ies also report frequent expression of SATB2, CD56, 
ERG, and somatostatin receptor 2 A [3], with SATB2 

Fig. 4 Re-examination of the magnetic resonance enhancement scan, compared with the image from 21 July 2022, showing postoperative 
changes at the skull base lesion site following resection, with no clear signs of local recurrence observed (Arrows refer to the site where the original 
tumor was located)
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expression suggesting osteoblastic differentiation of the 
tumor. Overall, by immunohistochemistry, most PMTs 
expressed CD56, ERG, FGFR1, SATB2, and/or SSTR2 
A.

To limit local destruction and eliminate the source of 
protein secretion associated with TIO, extensive com-
plete resection with negative surgical margins is required 
[5]. There are currently no established standard medi-
cal treatment protocols for this tumor, and treatment 
strategies are typically individualized on the basis of the 
patient’s specific circumstances and symptoms. Treat-
ment options may include neoadjuvant chemotherapy 
such as doxorubicin, docetaxel, and gemcitabine [8]. In 
this case, anlotinib was given according to the pathologi-
cal manifestations of tumor cells with hemangiopericy-
toid growth pattern and the patient’s characteristics of 
multiple bone destruction. As noted in previous stud-
ies, FGFR1 expression is commonly observed in PMTs, 
regardless of gene fusions. Anlotinib shows potential 
efficacy in treating PMTs by inhibiting FGFR1 expres-
sion. During the trial period, the most common grade 
3 or 4 adverse events with anlotinib were hypertension 
(10.0% versus 0% with placebo), elevated thyroglobulin 
(5.0% versus 1.8%), and hand-foot skin reaction (3.3% 
versus 0%). All adverse events were effectively managed 
by dose adjustment or symptomatic treatment, and no 

treatment-related deaths occurred[11]. We will continue 
to have annual follow-up with the patient so that the drug 
dose can be adjusted at any time as side effects develop. 
Further study of the factors associated with effective 
standardized medication after surgery is needed.

A total of 23 cases of PMT in the nasal cavity, paranasal 
sinuses, and skull base have been reported in the literature 
(Table 2). Most patients (95.65%) presented with TIO man-
ifestations, and other fractures were observed with longer 
disease duration. Clinical manifestations alone often lead to 
misdiagnosis. Following surgical treatment, most patients 
showed favorable outcomes, though recurrence occurred 
in 13.04% of cases, with some patients dying after recur-
rence. The case reported here is the third documented case 
of PMT in the skull base and the first treated with postop-
erative combination anlotinib [12–21].

Conclusions
Diagnosis and treatment of PMTs remains a challenge. 
We discuss here imaging and serologic tests that can aid 
in rapid diagnosis. At the same time, anlotinib capsules 
were used after surgery. Our case discussion provides an 
updated review of the evidence for optimal management of 
patients with PMTs, with a particular focus on novel phar-
macological options that exploit underlying pathogenesis.

Table 1 Laboratory data

Variable Reference 
range, this 
hospital*

On admission 6 months after 9 months after 1 year after 1 year after 1.5 years after 2 years after

Plasma fibrinogen 
(g/L)

1.9–4.00 3.69 3.44 4.12 – – 5.68 3.99

Calcium (mmol/L) 2.11–2.52 2.73 2.64 2.75 2.67 2.04 2.68 2.33

Phosphorus 
(mmol/L)

0.85–1.51  < 0.32 0.72 0.98 1 – 0.88 0.71

Alkaline phos-
phatase (U/L)

35–100 381 127 99 – – 85 62

Uric acid (μmol/L) 208–428 458.4 468 669 653.3 – 456 547.4

White-cell count 
(× 10^9/L)

3.5–9.5 7.45 7.78 8.29 7.93 8.08 9.27 7.47

Hemoglobin (g/L) 115–150 131 135 170 167 155 173 144

Platelet count (× 
 109/L)

125–350 307 352 305 309 280 278 282
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Table 2 Review of research on the frequency, location and therapy of PMTs

No Age 
(years)/
gender

Location Phosphuria/
hypophosphatemia

TIO Treatment Prognosis Author, year

1 NA/F Maxillary sinus Yes Yes Surgery Recurrence after 10 years Allevi F, 2014

2 41/M Nasal cavity NA NA Surgery NED 2 years Deep NL,2014

3 35/F Ethmoid sinus NA Yes Surgery NED 3 years Okamiya T, 2015

4 48/F Nasal cavity, ethmoid, maxillary 
sinuses

Yes No Surgery NED 1 year Mok Y, 2016

5 53/F Skull base Yes Yes Surgery, vitamin 
D supplementa-
tion

NA Basu S, 2016

6 62/F Nasal cavity, ethmoid, frontal 
sinuses

NA Yes Surgery, EBRT NED 1 year Kane SV, 2018

7 56/M Nasal cavity, ethmoid, sphenoid 
sinuses

NA Yes NA NA

8 52/M Nasal cavity NA Yes Surgery NED 1 year

9 39/M Ethmoid, frontal sinuses NA Yes Surgery Residual disease 2 months, re-
excision NED 10 months

10 34/M Nasal cavity, maxillary sinuses, 
intracalvarium

No No Surgery, IMRT NED 6 months

11 35/F Ethmoid, frontal sinuses NA Yes Surgery NA

12 41/F Nasal cavity, ethmoid sinus, 
frontal sinus, skull base

Yes Yes Surgery NED 9 months Villepelet A, 2018

13 59/M Nasal cavity, ethmoid sinus Yes Yes Surgery NED 12.5 months Tang R, 2020

14 42/F Nasal cavity,ethmoid sinus Yes Yes Surgery NED 11 months

15 56/F Frontal bone Yes Yes Surgery NED 10.5 months

16 42/M Nasal cavity, ethmoid sinus Yes Yes Surgery NED 9.5 months

17 43/F Ethmoid, frontal sinuses Yes Yes Surgery NED 14.5 months

18 54/F Nasal cavity, ethmoid sinus Yes Yes Surgery NED 2 years

19 42/M Nasal cavity, ethomoid sinus, 
intracalvarium

Yes Yes Surgery Developed recurrence 
and died

20 36/F Nasal cavity, ethomoid sinus Yes Yes Surgery NED 4.5 years

21 51/M Nasal cavity, ethomoid sinus Yes Yes Surgery NED 5 years

22 48/F Sphenoid sinus, ethmoid sinus Yes Yes Surgery NED 6 months Jawan F, 2023

23 50/F Ethmoid sinus Yes Yes Surgery NED 10 months Bhatia SS, 2024

24 27/F Skull base Yes Yes Surgery, anlotinib NED 2 years This case
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