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• Tumor induced osteomalacia (TIO) is a rare paraneoplastic disorder caused by tumors that 
produce fibroblast growth factor 23 (FGF23) which leads phosphate wasting and inadequate 
bone mineralization. 

• Patients present with muscle weakness, bony pain, and recurrent fractures. Phosphorus level 
is not routinely checked which causes delay in diagnosis. 

• Complete resection can be curative; however these tumors are typically difficult to identify 
due to size and location. Although utilizing functional imaging such as PET/CT 68Ga-DOTATATE 
is the first step, here is a high rate of false positive results. 

• This case highlights the challenges with functional imaging and reports on a novel surgical hip 
joint-preserving technique.

1. A 43-year-old man was referred to Endocrinology clinic for evaluation of recurrent 
fractures and hypophosphatemia. His first stress fracture in left ankle was diagnosed at 
age 41, treated conservatively. 

2. Few weeks after first fracture, he experienced musculoskeletal pain in several locations. 
Bone scan revealed multiple foci of increased tracer uptake in bilateral ribs, hips and lower 
extremities. Lower extremity MRI showed stress fractures in left fibula, fifth metatarsal 
and right tibia.

3. During initial evaluation at Penn Bone Center, he was noted to have hypophosphatemia 
with elevated phosphate excretion in urine and elevated FGF23 (table below) concerning 
for TIO. The patient was started on calcitriol and phosphate supplementation. 

4. PET/CT 68Ga-DOTATATE showed multiple somatostatin avid lesions concerning for 
metastatic disease (Fig 1). However, after re-review with radiology, multiple areas of 
increased uptake were considered to be due to fractures and left acetabular lesion was 
presumed to be tumor of interest given remarkably higher SUVmax (SUVmax 20 vs 4-5).

5. The patient underwent complete tumor resection using a novel hip joint-preserving 
technique (Figure 2). Pathology demonstrated 1.4cm phosphaturic mesenchymal tumor 
with uninvolved margins (Figure 3). 

6. FGF23 normalized within 24 hours after surgery (127 RU/mL) and calcitriol and phosphate 
supplements were stopped on post-operative day 10.

Jessica S. Berman, MD1; Christie G. Turin, MD1; Michelle P. Walker, MD1; Robert J. Wilson, II, MD2; Karen C. Rosenspire, MD, PhD3; Ciera Mangone, MD4; Ravi 
K. Amaravadi, MD5; Mona Al Mukaddam, MD1.

68Ga-DOTATATE and Tumor-Induced Osteomalacia: Finding the Culprit Lesion

1Division of Endocrinology, Diabetes, & Metabolism; 2Department of Orthopedic Surgery; 3Department of Radiology; 4Department of Pathology and 
Laboratory Medicine; 5Department of Hematology Oncology

Perelman School of Medicine at the University of Pennsylvania; Philadelphia, PA, United States

Laboratory Evaluation

Functional Imaging

Pathology – Gross Examination

Figure 1: 68Ga DOTATATE Positron Emission Tomography /Computed 
Tomography 

Panel A: whole body maximum intensity projection showed abnormal 
uptake in multiple fractures including multiple ribs, right medial tibial 
plateau fracture, multiple fractures in the ankles and feet. Panel B and 
C: PET and CT scan that showed abnormal uptake in left posterior 
acetabulum (SUVmax 20.4) in red circle, respectively.
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• Phosphorus is a critical element in skeletal development, bone mineralization, cellular 

signaling and membrane composition. FGF23 in one of the main regulators of phosphate 

homeostasis. 

• TIO is a rare paraneoplastic syndrome commonly caused by phosphaturic mesenchymal 

tumors that secrete FGF23. FGF23 decreases expression of Na+Pi IIa/IIc co-transporters in 

renal brush border membrane leading to increased renal phosphate excretion. FGF23 also 

affects vitamin D metabolism reducing intestinal absorption of phosphate. 

• Once the diagnosis of TIO is suspected, the tumor is localized by anatomical or functional 

imaging. Phosphaturic mesenchymal tumors have increased expression of somatostatin 

receptor 2A, which can be identified using radio-labelled somatostatin analogues such as 
68Ga. Therefore, 68Ga-DOTATATE scan is currently the first imaging modality of choice.

• Although 68Ga-DOTATATE PET/CT scan is a sensitive and specific technique, other pathologic 

processes such as fractures could also demonstrate high uptake of radiotracer due to 

increased osteoblastic activity and high somatostatin receptor expression. Our patient was 

initially thought to have multiple avid lesions concerning for metastatic disease, but culprit 

lesion was differentiated based on SUVs and eventually confirmed with biopsy. 

• Clinical and biochemical abnormalities resolved after surgical resection. To our knowledge, 

this the first report that describes complete surgical resection using a hip joint-preserving 

technique. Early recognition of culprit lesion in TIO is crucial, as successful surgery is 

curative and would lead to significant improvement in the quality of life of patients.
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Initial 9.3 4.5 1.5 163 5.7 36 13 268

POD # 1 8 3.3 1.5 121 43 127

POD # 3 8.4 3.1 2.7 107

POD # 7 8.8 3.6 2.5

POD # 14 4.6 5.9 54

POD # 48 10.2 4.7 4.5 129 3.5 51 96 83
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3D-Printed Custom Bone Cutting Guide
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Figure 2. 3D-Printed Custom Bone Cutting Guide.

A. 3D modeling showing the planned bone cuts (red) and the tumor (light green). B. Cutting 
guide pinned in place on the bone. C. Model of bone defect after tumor removal. 
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Figure 3. Left Acetabulum Pathology Images

A. Gross examination of the acetabulum reveals a firm, ill-defined lesion measuring 1.4 cm in 
greatest dimension (blue circle).  B. Tumor (blue arrow) with closest margin to the hip joint is 
inked blue. 
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Figure 3 (Continuation). Left Acetabulum Pathology Images

Histologically, the lesion is well-demarcated with areas of hemorrhage (C) and several islands 
of entrapped trabecular bone (D), and contains sheets of bland spindle cells with delicate 
intervening vasculature (D) consistent with phosphaturic mesenchymal tumor (hematoxylin-
eosin, original magnification x 2.5 [C], x 20 [D], x 40 [E]). 


