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Phosphaturic Mesenchymal Tumor: 
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Abstract

Tumor-induced osteomalacia (TIO) is a rare paraneoplastic syndrome caused by fibroblast growth factor 23 (FGF23) 
secreting phosphaturic mesenchymal tumors. We report a 53-year-old man with progressive osteomalacia resulting in 
bedridden status. Renal phosphate wasting despite normal vitamin D, intact parathormone, and renal function raised 
suspicion of TIO, confirmed by elevated FGF23. However, the occult tumor was localized only by Ga-68 DOTANOC whole-
body PET-CT, highlighting the diagnostic challenges in TIO.
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INTRODUCTION 
 
Tumor-induced Osteomalacia (TIO), also known as 
oncogenic osteomalacia, is a rare paraneoplastic syndrome 
caused by overproduction of fibroblast growth factor 
23 (FGF23).1 The most common underlying etiology is a 
phosphaturic mesenchymal tumor (PMT).2-4 

Biochemically, patients typically present with hypo-
phosphatemia, inappropriately normal or elevated FGF23 
levels and low-to-normal circulating 1,25-dihydroxyvitamin 
D levels. Excess FGF23 reduces renal phosphate re-
absorption and suppresses 1-alpha-hydroxylase activity, 
resulting in impaired bone mineralization. Because TIO is 
rare and its symptoms are nonspecific, diagnosis is often 
delayed. Surgical excision is the treatment of choice and 
is usually curative.1

 
CASE 
 
A 53-year-old male presented with progressively wors-
ening generalized musculoskeletal pain and difficulty 
rising from a sitting position over two years, eventually 
resulting in significant functional limitation and a near-
bedridden status.

On evaluation, skeletal survey with X-ray (Figure 1A) 
and MRI pelvis (Figure 1B) demonstrated multiple 

insufficiency (stress) fractures. Laboratory investigations 
revealed severe hypophosphatemia, markedly elevated 
alkaline phosphatase (ALP), and increased 24-hour urinary 
phosphate excretion, while other biochemical parameters 
were within normal limits (Table 1). The dual-energy 
X-ray absorptiometry (DEXA) scan showed severe osteo-
porosis, likely secondary to chronic hypophosphatemia 
and defective mineralization.

To determine the etiology of hypophosphatemia, a 
comprehensive renal tubular evaluation was performed. 
Urinalysis revealed no glycosuria or proteinuria, and 
venous blood gas analysis was normal, thereby excluding 
Fanconi syndrome and proximal renal tubular acidosis 
(type 2). Further assessment demonstrated renal phosphate 
wasting, as evidenced by a reduced tubular maximum 
phosphate reabsorption per glomerular filtration rate 
(TmP/GFR) of 0.6 mg/dL.

The presence of renal phosphate wasting in the setting 
of normal serum vitamin D, intact parathyroid hormone 
(iPTH) and preserved renal function raised strong suspicion 
for a phosphaturic tumor causing oncogenic osteomalacia. 
Subsequent measurement of serum FGF23 was markedly 
elevated at 507 pg/mL (reference range: 23–95 pg/mL), 
supporting the diagnosis of FGF23-mediated paraneo-
plastic hypophosphatemia.
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Selective venous sampling (SVS) was subsequently per-
formed to confirm that the lesion was the source of FGF23 
hypersecretion, thereby supporting the PET findings. 
FGF23 concentration was significantly elevated in the right 
femoral vein (1870 pg/mL) compared to the left femoral 
vein (530 pg/mL) and right brachial vein (530 pg/mL), 
confirming tumor laterality.

A wide local excision with a 1 cm surgical margin was 
performed under local anesthesia. Postoperatively, serum 
phosphate levels gradually normalized, accompanied 
by marked clinical improvement in bone pain and 
proximal muscle strength. The patient was discharged 
on postoperative day 10 with calcium and vitamin D 
supplementation.

Initial clinical examination did not reveal any obvious 
mass lesion, apart from proximal muscle weakness. This 
prompted functional imaging to localize the suspected 
tumor. Ga-68 DOTANOC whole-body PET-CT was per-
formed and demonstrated a somatostatin receptor (SSTR)-
expressing subcutaneous soft tissue lesion located lateral to 
the proximal right fibula, with no evidence of additional 
SSTR-avid lesions elsewhere in the body (Figure 2).

Following imaging localization, a repeat focused physical 
examination identified a 3 cm × 3 cm firm, painless, mobile 
subcutaneous swelling with well-defined margins at the 
corresponding site (Figure 3). The lesion was clinically 
inconspicuous and had not been noticed by the patient 
before.

Figure 1. (A) X-ray pelvis showing stress fractures (red arrows). (B) MRI Pelvis 
coronal section showing stress fractures in both femurs. Bilateral femoral head 
with subchondral fractures and avascular necrosis (yellow arrows).

A B

Figure 2. 68Ga-DOTANOC PET/CT localization of the tumor causing tumor-induced osteomalacia (TIO). (A) Fused PET/CT 
images show a focal area of tracer uptake (red arrow) in the soft tissue over the lateral aspect of the proximal right fibula, 
compared with the normal contralateral leg. (B) Corresponding CT images of the same region, without PET overlay. (C) 
Whole-body PET image showing normal background tracer uptake (pituitary, liver, spleen, kidneys) and a single abnormal 
focus in the right leg (blue arrow), corresponding to the tumor. (D) Fused PET/CT images at a second level, again showing 
the tracer-avid lesion (yellow arrow), with the normal leg for comparison. (E) CT images (bone window) showing a normal, 
intact fibula, confirming the tumor lies in the soft tissue and does not involve the bone.
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At one-year follow-up, biochemical parameters remained 
within normal limits, bone mineral density showed 
improvement, and the patient regained ambulatory function 
with support. A comparison of pre- and postoperative bio-
chemical parameters and T-scores is presented in Table 1.

Histopathological examination of the excised specimen 
revealed a circumscribed spindle-cell neoplasm composed 
of oval to spindle-shaped cells without nuclear atypia, 
mitotic activity, or necrosis (Figure 4A-C). On immuno-
histochemistry (IHC), tumor cells were positive for SATB2 
and CD56 and negative for CD34, STAT6, and CD99. The 
findings were consistent with a diagnosis of phosphaturic 
mesenchymal tumor (PMT) (Figure 4D-F).

Table 1. Biochemical parameters and bone density before 
and after surgery

Biochemical parameter Pre-
operative

Post-operative
Day 

0
Day 

3
Day 

7
1-

year
Sodium/ Potassium (mmol/L) 140/4.2
Urea/ Creatinine (mg/d) 15/0.4
Calcium (mg/dl) 9.8
25 (OH) vitamin D (ng/ml) 15.1
iPTH (pg/ml) 15.1
Serum phosphate (mg/dl) 0.6 1.9 2.6 3.9
FGF-23 (pg/ml) 507 55 - -
Alkaline phosphatase (U/L) 1171 - - - 128
DEXA Scan T-score

Radius -6.1 - - - -5.7
Lumbar spine -5.8 -4.0
Left hip -3.1 -2.8

Figure 3. Clinical and intraoperative images of the tumor and resected specimen. (A) Preoperative clinical photograph 
showing the surgical marking outlining the tumor and planned incision over the proximal right leg. (B) Intraoperative 
photograph showing the tumor after incision. (C) Intraoperative photograph after tumor excision, showing the resection bed. 
(D) Gross photograph of the resected tumor specimen.

A B C D

Figure 4. Histopathological and immunohistochemical features of the tumor. (A–C) Hematoxylin and eosin (H&E)–stained 
sections showing a patternless, cellular tumor composed of oval to spindle cells set in an eosinophilic, collagenous stroma 
with interspersed adipocytes, at increasing magnification. (D) Immunohistochemistry showing tumor positivity for ERG. (E) 
Immunohistochemistry showing tumor positivity for CD56. (F) Immunohistochemistry showing tumor positivity for SATb2.
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express CD56, SSTR2A, and ERG, while being negative 
for S100, STAT6, and DOG-1.15 The histopathological and 
immunohistochemical features in our patient (Figure 4) 
were consistent with these established characteristics.

Two large systematic reviews comprising 1979 reported 
cases have delineated the demographic and clinical profile 
of TIO.16,17 Patients commonly experience prolonged 
diagnostic delay, often exceeding two years, largely due 
to nonspecific symptoms and the small, clinically occult 
nature of these tumors. Consistent with these observations, 
our patient had a symptom duration of more than two 
years and initially had no clinically detectable mass. Only 
after functional imaging localization was a small 3 × 3 cm 
subcutaneous lesion identified on focused re-examination. 
This underscores the importance of repeated, targeted 
physical examination guided by imaging findings.

Approximately 80% of TIO cases are attributable to benign 
PMTs.16,17 Other reported etiologies include malignant 
PMT (1.7%), hemangiopericytoma (6.3%), giant cell tumor 
(1.8%), benign bone tumors (1.6%), bone sarcoma (0.9%), 
sinonasal hemangiopericytoma-like tumor or glomangio- 
pericytoma (0.8%) and odontogenic tumor (0.8%). Raised 
FGF23 levels are documented in more than 95% of cases. 
In our patient, serum FGF23 was markedly elevated (507 
pg/mL), and biochemical remission occurred promptly 
following tumor excision, further confirming the paraneo-
plastic mechanism.

Surgical resection remains the definitive treatment and is 
curative in approximately 97% of cases.18 In our case, wide 
local excision resulted in normalization of serum phosphate 
levels, reduction in alkaline phosphatase and significant 
functional recovery at one-year follow-up, highlighting 
the reversibility of the metabolic derangement when the 
source of the excess FGF23 is removed. For unresectable 
tumors or persistent disease, alternative therapeutic options 
include radiotherapy, image-guided ablation, somatostatin 
analogs in OctreoScan-positive tumors and burosumab— 
a monoclonal antibody that targets FGF23 and prevents 
its interaction with the FGFR1/Klotho complex.1,19 In 
selected cases not associated with elevated FGF23 or 
those refractory to definitive therapy, oral calcitriol 
and phosphate supplementation may be considered.20 
Importantly, serum phosphate should be maintained at 
the lower limit of normal to minimize the risk of secondary 
and tertiary hyperparathyroidism.20

Given that PMTs are frequently small and clinically in-
apparent, imaging plays a pivotal role in tumor localization. 
Although somatostatin receptor (SSTR) scintigraphy has 
been utilized, receptor expression is not entirely specific.1 
99mTc-hydrazinonicotinamide (99mTc-HYNIC)-octreotide 
SPECT-CT has demonstrated sensitivity and specificity 
of 86.3% and 99.1%, respectively.21 PET-based SSTR 
imaging modalities—including DOTATATE, DOTANOC, 
and DOTATOC—are increasingly preferred, with 
DOTATATE demonstrating higher affinity for SSTR2.22 

DISCUSSION
 
Tumor-induced osteomalacia (TIO) is a rare paraneoplastic 
syndrome, with reported incidence and prevalence of 
approximately 0.13 per 100,000 person-years and 0.70 
per 100,000 individuals, respectively.5 The fundamental 
biochemical abnormality underlying oncogenic osteo-
malacia is persistent hypophosphatemia secondary to 
phosphaturic mesenchymal tumor (PMT)-mediated over-
production of fibroblast growth factor-23 (FGF23).6

FGF23 exerts its biological effects by binding to the 
fibroblast growth factor receptor-1 (FGFR1)–Klotho (KL) 
receptor complex in the proximal convoluted tubules of 
the kidney.7,8 This interaction suppresses the expression of 
sodium-phosphate cotransporters (NaPi-IIa and NaPi-IIc), 
resulting in renal phosphate wasting. Concurrently, FGF23 
inhibits 1-alpha-hydroxylase activity, thereby reducing 
the synthesis of 1,25-dihydroxyvitamin D and impairing 
intestinal absorption of calcium and phosphate.8 The 
combination of phosphaturia and impaired mineralization 
ultimately leads to osteomalacia.

Establishing the diagnosis of TIO requires objective 
documentation of renal phosphate wasting, typically by 
calculating the tubular maximum phosphate reabsorption 
per glomerular filtration rate (TmP/GFR), while excluding 
generalized proximal tubular dysfunction such as Fanconi 
syndrome.9,10 In our patient, TmP/GFR was markedly 
reduced (0.6 mg/dL). The absence of glycosuria, proteinuria 
or metabolic acidosis confirms isolated phosphate wasting 
rather than global tubular dysfunction.

Beyond its systemic effects, FGF23–FGFR1 signalling also 
contributes to tumorigenesis in PMTs.11 Approximately 
60% of PMTs harbor a fibronectin-1 (FN1)–FGFR1 gene 
fusion, resulting in constitutive activation of the chimeric 
FN1-FGFR1 protein driven by strong promoters.11 Auto-
crine and paracrine stimulation by tumor-derived FGF23 
activates the mitogen-activated protein kinase (MAPK) 
pathway, promoting cellular proliferation and survival. 
Additional genetic alterations, including FN1–fibroblast 
growth factor-1 (FGF1) fusion, have been described in a 
subset of cases.12 Although these molecular mechanisms 
provide insight into tumor biology, clinical recognition 
remains paramount for timely management.

Phosphaturic mesenchymal tumors are predominantly 
benign, with malignant transformation and distant 
metastasis reported rarely.3,13,14 Histologically, they 
are composed of spindle to stellate cells derived from 
inducible skeletal stem cells, embedded within a myxoid 
or myxochondroid matrix with characteristic “grungy” 
calcifications and a distinctive intrinsic microvascular 
pattern. Osteoclast-like giant cells, mature adipocytes and 
lamellar bone formation may also be present. Tumor cells 
typically exhibit small nuclei, indistinct nucleoli and low 
mitotic activity. Immunohistochemically, SATB2 positivity 
reflects osteoblastic differentiation. Tumors frequently 
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In our patient, Ga-68 DOTANOC PET-CT successfully 
localized the lesion to the right proximal lower limb 
(Figure 2). Subsequent selective venous sampling (SVS) 
demonstrated markedly elevated FGF23 levels in the right 
femoral vein compared to contralateral and peripheral 
sites, thereby confirming laterality.23 Fine-needle aspiration 
cytology was not performed to avoid potential tumor 
seeding.1

This case reinforces several clinically important principles. 
In patients presenting with chronic musculoskeletal pain, 
proximal muscle weakness and stress fractures accom-
panied by hypophosphatemia with normal calcium, 
vitamin D and parathyroid hormone levels, a structured and 
systematic evaluation is essential. Documentation of renal 
phosphate wasting through TmP/GFR calculation, assess-
ment of FGF23 levels and timely functional imaging are 
critical steps in diagnosis. Early recognition and definitive 
surgical management can prevent prolonged morbidity 
and restore functional capacity, as observed in our patient.
 
CONCLUSION
 
Tumor-induced osteomalacia is a rare but treatable cause 
of severe disability, with phosphaturic mesenchymal tumor 
being the most common underlying etiology. Early recog-
nition and surgical management can restore function and 
quality of life. Resection under regional anesthesia, as in 
our case, helped the patient return to his normal life. An 
accurate diagnosis is the key to a simple solution for a 
drastic morbidity.
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