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H I G H L I G H T S  

• Tumor-induced osteomalacia caused by culprit tumors in different parts of the body is a rare entity, resulting in great challenges to orthopedists. 
• Qualitative and localized diagnosis led by Multi-Disciplinary Team (MDT) is a prerequisite for subsequent surgical intervention. 
• Surgical treatment is the best treatment option for this disease, however, it may be quite difficult to remove the culprit tumor directly and surgical resection may 

bring huge damage. 
• Exploring the orthopedic surgical strategy for TIO is beneficial and critical for improving the treatment effects of orthopedic surgery and improve the prognosis of 

TIO patients.  
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A B S T R A C T   

Tumor-induced osteomalacia (TIO), also known as oncogenic osteomalacia, is very rare, with about 1000 re-
ported cases globally. Removing most TIO culprit tumors requires the evaluation and intervention of orthopedic 
doctors. However, orthopedic doctors often have a poor understanding of the optical treatment of TIO due to its 
rarity. In addition, most TIO patients lack specific clinical manifestations. Also, the clinical localization and 
qualitative diagnosis of TIO are difficult and thus can easily be misdiagnosed and mistreated. Furthermore, the 
true incidence rate of TIO may be underestimated. Although many breakthroughs have been made in exploring 
the pathogenesis, clinical diagnosis, and treatment of TIO, rational and standardized orthopedic surgical treat-
ment experience summary and sorting for TIO patients are lacking. In this article, the recent experience and 
progress in the field of orthopedic surgical treatment for TIO globally have been summarized, providing a 
theoretical basis and new clinical practice guidance for the rational treatment of TIO patients.   

1. Introduction 

Tumor-induced osteomalacia (TIO) is a rare paraneoplastic syn-
drome that was first reported by McCance in 1947 [1]. The key clinical 
manifestations of TIO include progressive bone pain, limb fatigue, 
limited mobility, shortened height, and pathological fractures, which 
seriously affect the quality of life of patients [2]. Misdiagnosis, espe-
cially in the early course of the disease, often leads to delayed diagnosis 
and unreasonable treatment [2,3]. Nevertheless, hypophosphatemia can 

be effectively corrected, and patient symptoms can gradually improve if 
precise diagnosis and total surgical removal of TIO causative tumors are 
achieved. 

Although the culprit tumor of TIO is most common in limb bones and 
soft tissues, it is widely distributed in other parts, including subcu-
taneous tissue, joints, spine, palms, toes, and other places [2–4]. A large- 
scale analysis of TIO reported that causative tumors of about 74.3 % of 
TIO patients are located in the trunk, pelvis, and limbs, indicating that 
the surgical removal of most TIO causative tumors requires a thorough 
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preoperative evaluation by an orthopedic physician [5]. The establish-
ment of orthopedic surgical treatment strategies may provide a basis for 
the realization of rational clinical TIO treatment. In this article, the 
surgical treatment strategies for patients with causative tumors related 
to orthopedics have been summarized to improve the understanding and 
clinical diagnosis and treatment of TIO. 

2. Pathophysiology and pathogenesis 

Calcium and phosphorus metabolism plays a key physiological role 
in the development and formation of human bones [6,7]. Therefore, 
maintaining normal phosphorus homeostasis is crucial for bone miner-
alization in the body. Bone matrix cannot complete normal minerali-
zation when the blood phosphorus decreases, leading to osteomalacia. 
Parathyroid hormone (PTH), calcitonin, and vitamin D3 can regulate 
blood phosphorus levels in humans. However, vitamin D3 indirectly acts 
under the catalysis of liver 25-hydroxylase and kidney 1α-hydroxylase, 
generating 1,25- (OH)2D3. The 1,25- (OH)2D3 promotes the absorption 
of blood phosphorus and bone remodeling by acting on the intestine and 
bones, thereby increasing blood phosphorus levels [6,7]. 

The onset and progression of TIO are closely related to the autono-
mous secretion of phosphorus regulatory factor, fibroblast growth factor 
23 (FGF-23), in culprit tumors [8,9]. FGF-23 is mainly secreted by os-
teocytes and osteoblasts. FGF-23 regulates phosphorus metabolism in 
vivo through the following mechanisms: (1) Na/Pi IIa and Na/Pi IIc are 
key carriers of reabsorbed phosphorus in the kidney. FGF23 inhibits the 
activities of sodium/phosphorus cotransporter IIa (Na/Pi IIa) and IIc 
(Na/Pi IIc) in the kidney, thus decreasing phosphorus reabsorption in 
the kidney and increasing phosphorus excretion, resulting in a decrease 
in blood phosphorus levels. (2) FGF23 inhibits kidney 1α-hydroxylase 
activity and promotes the activity of 24 hydroxylase, thus decreasing the 
synthesis of 1,25- (OH)2D3 and active vitamin D. This reduces intestinal 
phosphorus absorption and blood phosphorus levels [6,7,10]. Besides 
FGF-23, various phosphorus-regulating factors related to phosphorus 
metabolism, including extracellular matrix phosphoglycoprotein 
(MEPE), fibroblast growth factor 7 (FGF-7), and secretory frizzled- 
related protein 4 (sFRP4) have been identified [6,7,11–15]. However, 
the detailed mechanism of action and interaction characteristics of 
MEPE, FGF-7, and sFRP4 require further clarification [6,7,15]. 

Studies have suggested that FN1-FGFR1 and FN1-FGF1 fusion genes 
are found in about half of the pathogenic tumors of TIO paraneoplastic 
syndrome [16]. In addition, Klotho and HIF-1α overexpression may be 
involved in the TIO pathogenesis [17,18]. As a result, genomics, 
metabolomics, and other related studies on the causative tumors of TIO 
have been conducted, providing a theoretical basis for elucidating the 
pathogenesis and treatment methods of TIO [19–21]. 

3. Diagnosis 

3.1. Clinical manifestations 

Although there is no significant gender difference in TIO patients 
[22], Rendina et al. (2022) found that adult males are more likely to 
develop TIO with more severe symptoms than females [23]. Most TIO 
patients experience bone pain at the hip joint and lumbar spine 
accompanied by fatigue and mobility disorders. However, other symp-
toms, such as skeletal deformities, short stature, pseudofracture, and 
pathological fractures, may occur if the disease is not timely diagnosed 
and treated, thus seriously affecting the quality of life. Jiang et al. (2012) 
analyzed the clinical data of 39 TIO patients and found that all patients 
(100 %) had muscle weakness/fatigue, bone pain, and walking diffi-
culties, while 25 patients (64.1 %) had shorter height [3]. Moreover, 33 
patients (84.6 %) had pathological fractures, mainly in the ribs, verte-
brae, and neck of femur. Feng et al. (2017) reviewed and analyzed the 
clinical data of 144 TIO patients from a single center and found that 
bone pain (143/144, 99.3 %), walking difficulty (134/144, 93.1 %), 

pathological fractures (115/144, 79.9 %), height shortening (99/144, 
68.8 %), and muscle weakness (94/144, 65.3 %) were the most common 
symptoms [2]. The misdiagnosis rate for TIO patients is 95.1 %, of which 
intervertebral disc herniation, ankylosing spondylitis, and osteoporosis 
are the top three misdiagnosed disorders [2]. These findings indicate 
that the clinical manifestations of TIO patients are not specific, leading 
to delayed diagnosis and treatment [2,24–26]. 

Crotti et al. [25] evaluated 17 patients [10 (58.8 %) females] and 
showed that the average age at TIO diagnosis was 55.3 ± 13.9 years 
(mean ± standard deviation). Besides, the diagnosis delay from symp-
tom onset to detection of the culprit tumor was 6.6 ± 6.25 years. Bos-
man et al. [5] conducted searches on Pubmed, Embase, and Web of 
Science databases, selected case reports and series diagnosed with TIO, 
and summarized information, including tumor localization and treat-
ment (as of April 2020). A total of 468 articles with 895 TIO cases were 
included in that study, making it one of the clinical retrospective studies 
with the highest number of patients [5]. Bosman et al. [5] found that the 
median age of TIO patients was 46 years (from 9 months to 90 years old), 
with most (58.3 %) patients being males. The median size of the tumor 
was 2.7 cm (from 0.5 to 25.0 cm) [5]. Furthermore, serum FGF23 was 
significantly correlated with tumor size (r = 0.344, P < 0.001) [5]. In 
addition, 62 % of cases (n = 61/99) had a T- score of lumbar spine ≤ -2.5 
based on bone density data, and at least 39 % of cases had fractures (n =
346/895) [5]. Also, over 80 % of cases had a diagnosis delay of more 
than two years [5]. 

3.2. Laboratory examination of TIO 

Tumors secrete phosphorus-regulating factors, thus increasing renal 
phosphorus excretion and decreasing intestinal phosphorus absorption. 
Therefore, laboratory tests have shown that TIO is associated with 
decreased blood phosphorus levels, increased FGF-23 levels, and 
increased 24-hour urine phosphorus excretion [2,27]. The amount of 
phosphate lost in the kidney can be evaluated by calculating the per-
centage of tubular reabsorption of phosphate (% TRP) and the maximum 
tubular reabsorption of phosphate corrected for glomerular filtration 
rate (TmP/GFR) [26]. The level of 1, 25-dihydroxyvitamin D decreases 
or remains normal in TIO patients [5]. In addition, laboratory tests have 
shown that blood calcium is normal or slightly reduced in TIO patients, 
while PTH is mostly normal, with some cases elevated due to FGF23 
excess in TIO patients or hyperparathyroidism [28,29]. The levels of 
alkaline phosphatase (ALP) and procollagen type 1 N-peptide (P 1NP), 
osteoblast activity indicators, increase in TIO patients [2,3]. 

3.3. Qualitative diagnosis and localization diagnosis of TIO 

Accurate qualitative and localized diagnosis of TIO is crucial for 
orthopedic surgical treatment. Tumors can be successfully located after 
several years, making the accurate determination and localization of 
tumor properties the most difficult step in the diagnostic process [30]. 
Multiple clinical studies have been made on the diagnosis and treatment 
of TIO in recent years [2,3,5,25]. Besides, the clinical methods for 
locating tumors and determining tumor properties, including functional 
imaging evaluation methods [positron emission tomography/computed 
tomography (PET/CT), octreotide with single photon emission 
computed tomography (octreo-SPECT) or octreotide SPECT/CT] and 
anatomic imaging evaluation methods (ultrasound, computed tomog-
raphy (CT), magnetic resonance imaging (MRI), and segmented venous 
blood sampling to measure FGF-23 concentration) have been identified. 
For patients initially suspected to have TIO based on qualitative diag-
nosis, commonly employed localization methods include ultrasound, CT 
scans, and MRI imaging. In cases where suspected culprit tumors are 
located in the skin or superficial subcutaneous soft tissue, it is advisable 
to conduct preoperative ultrasound evaluations and perform localiza-
tion markers. This step is crucial for assessing the tumor’s blood supply, 
facilitating intraoperative exploration, guiding tumor resection, and 

S. Liu et al.                                                                                                                                                                                                                                       



Journal of Bone Oncology 45 (2024) 100600

3

reducing the risk of complications. In instances where tumors are situ-
ated in deep soft tissue, preoperative MRI scans are preferred, provided 
there are no contraindications. MRI imaging aids in elucidating the tu-
mor’s growth pattern and its relationship with adjacent structures. For 
TIO patients with suspected causative tumors involving bone, preoper-
ative CT scans of the surgical area are recommended as the primary 
imaging modality. CT imaging offers valuable insights into bone struc-
ture erosion and destruction, evaluates local bone stability, and assists in 
formulating preoperative surgical plans. In addition, when localizing 
and qualitatively diagnosing orthopedic-related TIO patients, suspected 
causative tumors often present challenges such as concealed locations, 
small volumes, and difficulty in visual identification during surgery. 
Therefore, intraoperative ultrasound is also of great value for the smooth 
surgical removal of the culprit tumors. 

PET/CT is the commonly used examination method for tumor 
localization and determining the presence of distant metastasis. 18F- 
fluorodeoxyglucose (FDG) is the commonly used imaging agent [31]. 
Tumor cells with high glucose metabolism can aggregate 18F-FDG. Most 
culprit tumors are with high expression of somatostatin receptors on the 
surface of tumor cells. These somatostatin receptors can specifically bind 
to somatostatin to locate the tumor. 68Ga-DOTATATE, a 68Ga-labeled 
somatostatin analogue, is the most common imaging agent used to 
locate TIO lesions [32]. Preoperative 18F-FDG PET/CT positivity can 
indicate an increased likelihood of TIO recurrence after surgical resec-
tion [33]. However, the chance of recurrence is extremely low when 
FDG PET/CT activity is not increased in the pathogenic tumor detected 
by 68Ga-DOTATATE PET/CT [33]. Hou et al. [34] found that 68Ga- 
DOTA-JR11 PET/CT can more sensitively detect TIO pathogenic tumors 
than other methods, thus improving the identification of multiple sus-
pected pathogenic tumors displayed in 68Ga-DOTATATE PET/CT. A 
meta-analysis showed that somatostatin receptor imaging mode can 
more accurately detect TIO than F-FDG PET/CT. Also, 68Ga-DOTATATE 
PET/CT slightly outperforms octreotide scanning SPECT/CT in detecting 
TIO [35]. CT or MRI can be used for accurate diagnosis and differential 
diagnosis of TIO tumors since most TIO tumors are located in bones and 
soft tissues. In addition, CT or MRI can also be used to visually identify 
the anatomical lesions in TIO, such as subchondral fractures of the 
femoral head. Sekine et al. [36] conducted a prospective research and 
found that PET/MRI performs better than PET/CT in detecting occult 
tumors. The 68Ga or 64Cu PET/CT should be used as the first-line func-
tional imaging method for TIO patients based on the global guidelines 
for the diagnosis and treatment of TIO published in 2022. However, 
octreotide scanning (99mTc - or 111In octreotide scanning) or FDG PET/ 
CT can be used when the above examinations are not available. Notably, 
the specific optimal method should be selected based on different tumor 
sites [28]. 

Tumor cells can autonomously secrete FGF-23 based on the 
perspective of TIO pathogenesis, necessitating the use of segmented 
venous blood sampling to measure the concentration level of FGF-23 
and locate the tumor in TIO patients, especially when there are two or 
more suspicious lesions in functional imaging [28,37]. The concentra-
tion of FGF-23 is higher in the proximal vein of the tumor than in the 
distal vein of the tumor, indicating that FGF-23 can be used to determine 
the exact location of the pathogenic TIO tumor [28,38–40]. 

4. Principles and methods of orthopedic surgical treatment 

Surgical treatment involving complete removal of the pathogenic 
tumor while avoiding residual culprit tumors as much as possible is the 
first-line treatment for TIO [5,28,41–43]. Surgical treatment can correct 
biochemical abnormalities and accelerate the process of bone mineral 
remineralization in most TIO cases. Notably, clinical manifestations and 
biochemical abnormalities may persist and recur when a small amount 
of tumor tissue remains. Studies conducted in Italy showed that patients 
who underwent lesion biopsy before surgery might suffer from tumor 
recurrence [23,28]. For phosphaturic mesenchymal tumor (PMT) that 

has been clinically considered for TIO diagnosis, puncture biopsy is not 
recommended since it may lead to tumor dissemination or persistent 
presence of the tumor [25]. Patients with local recurrence require a 
second or even multiple surgeries to remove the entire tumor or replace 
damaged tissue (implant placement). 

Precise intraoperative localization of the causative tumor is crucial 
for the success of surgery. Causative tumors in TIO are small and hidden, 
making it more difficult for intraoperative exploration. Inaccurately 
identification of tumor location during surgery results in incomplete 
resection or residual tumor, leading to other symptoms or recurrence. 
Therefore, intraoperative ultrasound localization can facilitate the 
identification and surgical removal of occult culprit tumors [44]. Com-
bined with the results of preoperative ultrasound, surgeons can identify 
and remove small and hidden causative tumors. Besides intraoperative 
ultrasound, Harbeck et al. reported that the culprit tumor causing TIO 
can be identified using a handheld gamma probe after intraoperative 
administration of 111 In pentetreotide to achieve satisfactory treatment 
results [45]. 

Moreover, the specific surgical plan should be based on the 
anatomical location of the pathogenic tumor, the feature of lesion, and 
the extent of involvement. The major surgical plans include complete 
tumor resection, tumor curettage, and bone cement injection for tumor 
inactivation [41–43]. However, orthopedic surgical treatment of PMT 
lacks international consensus. Liu et al. [22] conducted a retrospective 
analysis of 12 TIO patients and showed that accurate diagnosis and 
standardized surgical treatment are crucial for the clinical treatment of 
PMT. Radical resection and microwave ablation-assisted local expansion 
curettage can treat PMT [22]. Notably, the vast majority of TIO patients 
with causative tumors located within the skeleton and soft tissue should 
undergo total tumor resection [2,28,46]. Nevertheless, it is difficult to 
remove the causative tumor in the bone where some parts of tumor are 
hidden since this can seriously damage bone stability and function. 
Tumor curettage or bone cement injection tumor inactivation surgery 
should be performed in such cases. Moreover, artificial joint prostheses 
and allogeneic bone can be used to reconstruct and stabilize the 
anatomical structure and biomechanical stability for residual bone de-
fects after segmental resection. Intraosseous injection of bone cement for 
tumor inactivation can also be used to treat TIO. Intraosseous injection 
of bone cement is also suitable in special situations, such as where there 
are complex local anatomical structures, significant damage during open 
surgery, and intolerance of open surgery. However, this treatment is 
limited to case reports, and its specific efficacy and long-term follow-up 
results require further follow-up [43,47]. 

Notably, differences in anatomical positions can affect the tumor 
characteristics of TIO. Li et al. [48] conducted a retrospective study 
containing 53 TIO patients with culprit tumors in the foot/ankle joint, 
tibia, and femur, and found that the foot/ankle group had a longer 
course of the disease and a significantly higher incidence of complica-
tions than patients with tumors in other parts (P < 0.001). Furthermore, 
the culprit tumors in the foot/ankle group involved soft tissue (P =
0.021), while most lesions in the tibia group involved bone, resulting in 
a significant increase in alkaline phosphatase concentration (P = 0.020) 
[48]. In addition, the normalization time of serum phosphorus after 
surgery was longer in the foot/ankle joint group than in the other two 
groups (P = 0.004) [48]. In addition, Ki-67 index and recurrence rate 
were significantly higher in the foot/ankle joint group (P < 0.001) than 
in the other two groups (P = 0.002) [48]. Various culprit tumors can 
affect different anatomical sites and manifest as soft tissue tumors, bone 
involvement accompanied by soft tissue tumors, and bone tumors. 
Compared with culprit tumors in soft tissue, causative tumors involving 
bones are complex and cannot be completely removed, and thus involve 
more complex and challenging surgeries [43,48,49]. Surgeons from 
different countries may have different treatment methods since tumors 
can be located in any part of the body. Nonetheless, the tumors should be 
removed with appropriately wide margins (R0 resection) to avoid re-
sidual tumors. In a retrospective study with 230 TIO patients, 83 % of 
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patients recovered after the initial surgery, 11 % of patients had 
persistent conditions, and 7 % had tumor recurrence (median recurrence 
time; 33 months) [49]. Woman gender, spinal tumors, bone tissue- 
related tumors, malignant tumors, and low preoperative serum phos-
phate levels are considered risk factors for refractory TIO [49]. There-
fore, it is important to explore the effectiveness of orthopedic surgical 
treatment for culprit tumors at different anatomical sites to improve the 
understanding of the disease and surgical treatment (Fig. 1), especially 
for TIO’s culprit tumors with complex anatomical structures. 

4.1. Culprit tumors within soft tissue 

Most culprit tumors are located within soft tissue without bone 
involvement. The first treatment step for such patients involves deter-
mination of the location and adjacent structure of the suspected path-
ogenic tumor [50]. Besides, the surgeon should pay special attention to 
the identification and protection of key anatomical structures, such as 
local nerves, blood vessels, muscles, fascia, and ligaments, during the 
surgical operation to avoid unnecessary injuries. Li et al. [48] conducted 
a retrospective study containing 53 TIO cases of culprit tumors located 
at the ankle, tibia, and femur and showed that the culprit tumors in the 
ankle were located in soft tissue, while most lesions in the tibia were 
located in the bone. Furthermore, the time required for postoperative 
blood phosphorus to return to normal was significantly increased in the 

ankle group compared with the other two groups (P = 0.004). Sun et al. 
[42] also showed that surgical resection can treat TIO patients with 
pathogenic tumors located in the limbs. Limb soft tissue PMT has a 
better surgical effect than intraosseous PMT [42]. For soft tissue caus-
ative tumors located in special anatomical locations, it is necessary to 
fully consider the specificity of the lesion location and develop reason-
able surgical plans. In this review, we have compiled literature reports 
on TIO patients with culprit tumors located in the inguinal region 
(Table 1) [51–56]. 

4.2. Culprit tumors located in limb bones 

Although complete tumor resection can lead to a good prognosis for 
TIO patients, the causative tumor is hidden in some patients (such as 
tumors located in the femoral head or tibial plateau), thus greatly 
increasing the complexity of surgical treatment. Complete removal of 
tumors near the joint usually leads to surface destruction of the joint, 
and thus can easily affect joint function. Therefore, lesion curettage or 
radiofrequency ablation is more suitable in such cases. Moreover, joint 
replacement surgery is suitable for patients whose tumor cannot be 
completely removed since it may result in persistent symptoms [57]. 
Zhu et al. [57] conducted a retrospective study with 16 TIO patients to 
evaluate the surgical treatment effect of joint replacement and tumor 
resection on PMTs and found that causative tumors were located on the 

Fig. 1. Flow chart of orthopedic surgery treatment strategy for TIO.  
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Table 1 
Clinical review of six previously published cases with culprit tumors in the inguinal region.  

Authors Year Age 
(y), 
sex 

Symptoms and course of 
disease 

Serum phosphorus 
concentration 

Localization 
methods 

Localization Tumor 
size 

Treatment Outcome Follow up 
(month) 

Histological 
diagnosis 

Ha S[51] 2018 52, M Pain in his neck, back, 
waist, left hip, right arm, 
chest 

A low serum phosphorus 
concentration (1.3 mg/dL; 
normal range 2.5–4.5 mg/ 
dL) 

18F-FDG PET/CT, 
99mTc whole body 
bone scans, CT 

Right inguinal 
region 

1.0-cm- 
sized 
round 

The right 
inguinal 
nodule was 
surgically 
removed 

Complete 
remission 
after 
operation 

1 PMT 

Tonello L 
[52] 

2017 40, M Several structural 
deformities for over three 
years 

Inorganic phosphorus 
(serum)1.7 mg/dL (normal 
range 3.4–4.5 mg/dL) 

MRI, PET/CT, bone 
scintigraphy with 
technetium 

Left 
inguinoscrotal 
area 

3.5 × 3.0 
× 2.0 cm 

Surgical 
resection 
with free 
margins 

Complete 
remission 
after 
operation 

3 PMT 

Kobayashi 
H[53] 

2017 37, M Hip pain for 3 years NA MRI Groin NA The lesion 
was excised 

Complete 
remission 
after 
operation 

170 NA 

Zuo QY[54] 2017 F 2 years 0.36 mmol/L OCT 99mTc-octreotide; 
MRI; ultrasonography 

In the mons 
pubis 

/ / / / PMT 

Chouhan V 
[55] 

2015 32, M Pain in his right foot, both 
lower limbs for 18 months 

The serum phosphate level 
was low (0.226 mmol/L) 

MRI, PET/CT In the right thigh 2.5 × 1.9 
cm 

The lesion 
was excised 

Complete 
remission 
after 
operation 

6 Benign fibrous histiocytoma; 
benign mesenchymal soft- 
tissue neoplasm 

Takeuchi Y 
[56] 

2004 37, M Chronic pain of the spine, 
ribs, femurs, hip joints, and 
progressive muscle 
weakness for 2 years 

A low serum phosphorus 
concentration (1.5 mg/dL; 
normal range 2.5–4.5 mg/ 
dL) 

MRI In the right 
inguinal region 

3.0 × 3.0 
× 2.5 cm 

Removal of 
the tumor 

Complete 
remission 
after 
operation 

NA Hemangiopericytoma 

Note: M: male; F: female; PMT: phosphaturic mesenchymal tumor; NA: none; CT:computed tomography; MRI: magnetic resonance imaging; OCT: Octreotide; PET/CT: Positron emission tomography/computed 
tomography. 
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metaphyseal joint surface after a one-year postoperative follow-up of 
bone metabolism index, hip/knee joint function, joint replacement 
complications, and symptoms. Thirteen cases were undergoing hip joint 
replacement, and three cases were undergoing knee joint replacement 
[57]. Further results showed that joint replacement and tumor resection 
can significantly and quickly improve bone metabolism indicators in 
TIO patients, without tumor recurrence during short-term follow-up 
[57]. Also, the postoperative joint function score of the patients was 
significantly improved [57]. The major postoperative complications in 
these patients mainly included postoperative pain, joint clicking, and 
secondary hyperparathyroidism [57]. 

However, clinical diagnosis and treatment of complex TIO tumors 
involving joints are complicated. Sun et al. [58] reported a 30-year-old 
woman with a history of gradual enlargement of the left knee sur-
rounding mass within 11 years and worsening bone pain within two 
years. The patient first underwent bone cement prosthesis reconstruc-
tion after a thorough evaluation [58]. Pathology confirmed PMT when 
the blood phosphorus level rose to the normal range [58]. As a result, a 
subsequent tumor-type knee joint prosthesis replacement was per-
formed to maximize joint mobility [58]. The blood phosphorus con-
centration remained within the normal range after one and a half years 
of surgery, and the symptoms of systemic bone pain significantly 
improved [58]. The prosthesis remained in good position, and there was 
no local recurrence [58]. 

Wang et al. [41] retrospectively analyzed 17 TIO patients with 
pathological tumors located in the long bone and compared the surgical 
treatment effects of lesion curettage and segmental resection of long 
bone lesions and showed that the complete resection rate was not 
significantly different between curettage surgery (67 %) and segmental 
resection surgery (80 %). However, the recurrence rate was significantly 
higher after curettage surgery (50 %) than after segmental resection (0 
%) [41]. Besides, the complete resection rate was not significantly 
different between secondary segmental resection (75 %) and primary 
segmental resection (83 %) [41]. Therefore, curettage surgery should be 
performed first to maintain joint function and stability [41]. However, 
segmental resection surgery is recommended if the patient experiences 
recurrence during follow-up and imaging examination indicates residual 
or local tumor recurrence to achieve a better disease prognosis [41]. 
Pathology is the gold standard for diagnosis of suspected cases of TIO, 
indicating that PMT that has not been confirmed by pathology after 
undergoing highly traumatic open surgery can significantly affect the 
patients. Zhou et al. [43] reported bone cement injection tumor 
destruction technology that can treat TIO cases with pathogenic tumors 
involving limb bones and achieved satisfactory treatment and follow-up 
results. Bone cement can also facilitate intraoperative localization of the 
culprit tumor if tumor recurrence occurs during follow-up. 

This review summarizes the literature on the diagnosis and treatment 
of TIO cases with culprit tumors located in the pelvic region (excluding 
the sacral region) and within the femoral head, and is summarized in 
Table 2 and Table 3 respectively. Orthopaedic surgical intervention in 
TIO cases is significantly limited when the causative tumor involves 
special bone structures, such as the femoral neck, femoral condyle, 
femoral head, tibial plateau, and pelvis because: (1) excessive pursuit of 
complete removal of the causative tumor body may lead to serious 
degradation or even loss of local bone and joint functions, and even lead 
to a series of important skeletal-related events, such as bone non-union, 
bone healing difficulties, bone defects, and fractures; (2) it may lead to 
disease recurrence or persistence if the complete resection of the caus-
ative tumor is not achieved. As a result, patients usually undergo further 
surgical intervention. Therefore, further studies should assess how to 
achieve clinical cure of TIO while ensuring local motor function. 

4.3. Culprit tumors located in spinal region 

It is difficult to completely remove causative tumors for TIO in the 
spinal region due to the complexity of the spinal anatomical structure 

[77–88]. The removal of causative tumor in the spinal region is one of 
the high-risk factors for poor prognosis after surgical intervention [49], 
indicating that partial or subtotal resection may also lead to sustained 
biochemical abnormalities or tumor recurrence in this region. There-
fore, rigid internal fixation and effective support should be ensured in 
such cases to prevent osteomalacia-induced reduced bone density and 
the risk of bone non-union or fracture. Sciubba et al. [85] were the first 
to treat spinal PMT using En bloc resection surgery, and obtained a good 
therapeutic effect on patients with TIO where the causative tumor is 
located in the spinal region. Meng et al. [81] also showed that En bloc 
surgery can remove PMT in the thoracic vertebral region with satisfac-
tory short-term follow-up effect. Although the scope of surgical resection 
is related to overall survival benefits, complete resection can also easily 
lead to various complications, such as spinal instability, decreased spinal 
mobility, neurological symptoms, dural rupture, and nerve damage 
[81–88]. PMT-induced osteomalacia limits clinical diagnosis and treat-
ment of TIO. Besides, local recurrence can occur even if the patients 
undergo thorough surgical resection due to the complex nature of 
anatomical structure of the spinal region [82]. Liu et al. [82] indicated 
that TIO patients can benefit from multidisciplinary cooperation model 
of endocrinology, orthopaedics, otorhinolaryngology, nuclear medicine, 
radiology, pathology, and medical oncology experts. Liu et al. [47] also 
suggested that open surgery for spinal region PMT can completely 
remove the causative tumor. However, bone cement injection for tumor 
damage may also be a reasonable surgical treatment option for PMT 
patients who cannot undergo appropriate surgery or refuse open sur-
gery. Nonetheless, the long-term follow-up efficacy of this treatment 
needs further study [47,82]. Bone cement can also serve as an indicator 
for tumor localization during preoperative reevaluation and reoperation 
for anatomically challenging TIO cases if the treatment effect of bone 
cement injection technique for tumor damage is not satisfactory or if 
pathology confirms that the excised tumor is not a causative tumor. 
However, the potential risks of bone cement application should be 
analyzed using studies with larger samples and longer follow-up times. 
Incomplete local tumor resection and leakage of bone cement into the 
spinal canal, and compression of the spinal cord are the most common 
postoperative complications. Therefore, the surgical scope, amount of 
bone cement injection, and postoperative complications should be 
further assessed [43]. In order to present the diagnosis and treatment 
experience of causative tumors for TIO in the spinal region more clearly, 
we have organized and drawn Table 4 based on the literature review. 

4.4. Pathological characteristics of culprit tumors in TIO 

Most tumors causing TIO are benign tumors [5]. Tumors often 
originate from mesenchymal tissue and have various pathological types, 
including vascular epithelial tumors (most common), hemangiomas, 
sarcomas, fibromas, and giant cell tumors [106,107]. Although there are 
many pathological tumor types, they are essentially homologous and 
can be collectively referred to as phosphaturia mesenchymal tissue tu-
mors, including mixed connective tissue subtypes (PMTMCT), 
osteoblast-like subtypes, non-ossifying fibroadenoma-like subtypes, and 
ossifying fibroadenoma-like subtypes [54]. The concepts of PMT and 
PMTMCT were first proposed by Weidner in 1987 [108]. Weidner found 
that 10 of 17 PMT cases were mixed connective tissue tumors, while 4, 2, 
and 1 were osteoblastoma-like tumors, non-ossifying fibromatous tu-
mors, and ossifying fibromatous tumor, respectively [108]. Folpe et al. 
[100] further analyzed 32 cases of TIO in 2004 to confirm that PMTMCT 
is a unique clinical pathological type and corrected the diagnosis of some 
pathological types. The typical pathological manifestations of PMTMCT 
include spindle-shaped and stellate cells with uniform color, small 
nuclei, and unclear nucleoli, rich blood vessels, thick-walled de-
formities. Visible pathological manifestations include calcification and 
metaplasia [100]. Immunohistochemistry can detect epithelial and 
mesenchymal components that exhibit fibroblast growth factor-23, so-
matostatin receptor 2A, and NSE immune responses [109]. 
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Table 2 
Clinical review of previously published causative tumors for TIO in the pelvic region (excluding the sacral region).  

Authors Year Age 
(y), 
sex 

Symptoms and 
course of disease 

Laboratory findings Localization 
methods 

Localization Tumor 
size 

Treatment Outcome Follow 
up 

Histological 
diagnosis 

Horng JC 
[59] 

2021 61, 
M 

Bilateral tibial stress 
fractures 12 years 
previously. Several 
stress fractures in his 
feet 2 years prior to 
initial evaluation 

Hypophosphatemia 68Ga-DOTATATE PET/ 
CT 

Left ischial 
lesion 

2.9 ×
3.4 ×
1.5 cm 

Surgical excision; image- 
guided ablation 

Despite surgical excision, the 
hypophosphatemia persisted 

158 
days 

PMT; recurrent 
PMT 

Turin CG 
[60] 

2021 43, 
M 

Progressive fatigue, 
weakness, muscle 
and joint pain in 
setting of recurrent 
fractures 

Low phosphorus at 1.5 
mg/dL 

68Ga-DOTATATE PET/ 
CT 

The left 
acetabular 

1.4 cm Biopsy; radical resection of 
the tumor of the posterior 
left acetabulum with 
reconstruction of the 
posterior wall and posterior 
column of the acetabulum 
through a Kocher- 
Langenbach approach 

Complete resolution 6 
months 

PMT 

Mishra SK 
[61] 

2019 43, 
M 

Five-year history of 
diffuse bony pains, 
pain in ribs, and 
proximal muscle 
weakness 

Hypophosphatemia 68Ga-DOTATATE PET/ 
CT 

The roof of 
right 
acetabulum 

About 
1.1 ×
0.9 ×
1.4 cm 

A single session of RFA; 
biopsy of the lesion was 
performed before ablation 

Complete resolution 24 
months 

Scanty tissue 

Nakamura 
K[62] 

2018 68, F Progressive bone 
pain of the rib cage, 
and polyarthralgia 
and back pain for 3 
years 

Hypophosphatemia 
(1.7 mg/dL) 

Bone scintigraphy, 
MRI, CT 

The 
right 
acetabulum 

NA Open biopsy of the bone 
tumor; curettage of the 
tumor and the defects were 
filled with bone allografts; 
total hip arthroplasty. For 
the acetabular component, 
a Müller acetabular support 
ring was used. A press-fit 
type cementless femoral 
component was used 

No remission; The patient 
started taking phosphate 
supplementation and 
alphacalcidol. Although a CT 
scan did not show findings of 
recurrence (data not shown), 
the patient is being kept under 
careful observation 

12 
months 

PMT 

Zuo QY 
[54] 

2017 F / Hypophosphatemia 
(0.69 mmol/L) 

MRI, CT Right ilium / / / / PMT 

Morimoto 
T[63] 

2014 35,F Lower back pain Severe 
hypophosphatemia 
(1.4 mg/ml) 

18F-fluorodeoxyglucose 
(FDG)PET/CT 

In the right 
acetabulum 

/ An open biopsy; 
transcatheter arterial 
embolization (TAE) of the 
feeding artery of the 
pelvic tumor 

Regrowth of the pelvic 
tumor and multiple metastases 
in the lung and bones were 
observed 32 months after the 
second TAE 

32 
months 

Malignant PMT   

31, 
M 

Worsening bilateral 
thigh pain and gait 
disturbance for 21 
years 

Severe 
hypophosphatemia 
(1.3 mg/ml) 

Bone scan; X-ray; CT; 
MRI 

In the right 
ischium 

/ An open biopsy; the patient 
underwent two courses of 
TAE of the feeding artery of 
the pelvic tumor, with only 
limited response, and 
therefore subsequently 
underwent tumor excision 

Local recurrence in the pelvis, 
multiple coin lesions in the lung 
and a subcutaneous mass in the 
left elbow. Metastases of the 
PMT were diagnosed and the 
patient underwent 
chemotherapy. Succumbed to 
respiratory failure due to 
relapsing lung metastases and 
disseminated intravascular 
coagulation 

/ PMTMCT; 
metastases from 
the PMT with 
malignant 
transformation 

Radaideh 
AR[64] 

2009 39, 
M 

Low back pain for 3 
years. A few months 
later, he developed 
limping on the left 
leg 

Persistent 
hypophosphatemia 0.6 
mmol/L (normal range: 
0.81–1.6 mmol/L) 

A three-phase 99Tc 
bone scan 

Medially to 
the left psoas 
muscle 

5 × 1.2 
× 1 cm 

The tumor was resected Complete resolution 3 years PMTMCT 

(continued on next page) 
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Mesenchymal components can also show diffuse positive staining for 
CD68 and variable focal staining for SMA and CD34 [109]. In a retro-
spective review, most culprit tumors were classified as PMT (65.4 %), 
followed by hemangiopericytoma and giant cell tumors [5]. Bosman 
et al. [5] found that PMT accounted for 75.5 % of all cases based on cases 
published by Folpe et al. in 2004 [100]. 

4.5. Perioperative management, postoperative recovery and standardized 
follow-up 

For patients with TIO, surgical treatment is the first-line treatment. 
Successful removal of the causative tumor can lead to the reversal of 
biochemical abnormalities and the alleviation of clinical symptoms. 
However, due to the rarity of TIO and its specific diagnostic criteria, 
special attention must be paid to the perioperative management of these 
patients to ensure optimal outcomes. Phosphate supplementation has 
been shown to contribute to the occurrence of hyperparathyroidism 
(HPT) in patients with TIO, including secondary HPT (SHPT) and ter-
tiary HPT (THPT) [110]. Ni et al. [110] found that HPT is common in 
patients with TIO, and therefore such patients should not be adminis-
tered with high doses of phosphate before surgery. Following surgery, it 
is essential to monitor the patient’s blood phosphorus levels in a stan-
dardized manner to track the trend of changes. Typically, blood phos-
phorus levels can gradually normalize within a few days or weeks after 
surgery. Concurrently, the circulating levels of FGF23 rapidly decline, 
leading to an improvement in the patient’s clinical symptoms. 
Furthermore, post-surgery, bone density in various parts of the patient’s 
body increases, aiding in the gradual recovery of symptoms associated 
with osteoporosis. Therefore, monitoring these parameters in a stan-
dardized manner is critical in post-surgery care to ensure optimal re-
covery [1–3,111]. However, bone mass recovery requires a clinical 
process, and patients may experience Hunger Bone Syndrome (HBS) as 
bones remineralize, characterized by secondary hyperparathyroidism 
with or without hypocalcemia, hypophosphatemia, and/or hypomag-
nesemia [35,112–114]. Therefore, perioperative management of TIO 
patients is of significance and longer follow-up time is required to 
observe the changes in bone microstructures after tumor resection. 
Clinicians should pay special attention to monitoring and nursing of 
postoperative biochemical indicators, bone density, and clinical symp-
toms in the short term after surgery [111,115,116]. 

Extensive tumor resection does not completely eliminate the possi-
bility of metastasis or recurrence. Therefore, patients who are subjected 
to surgical resection of the responsible tumor have to undergo long-term 
and standardized follow-up [2,28,117]. In a retrospective study of 230 
TIO patients, the majority of cases remained in remission after the initial 
surgery, symptoms persisted in 11 % of cases while recurrence occurred 
in 7 % of cases (with a median recurrence time of 33 months) [49]. If the 
tumor cannot be completely removed, treatment can be performed by 
supplementing drugs such as phosphate and calcitriol as well as radio-
frequency ablation among others. Serum phosphorus and clinical 
symptoms can be improved to a certain extent, however, it is difficult to 
maintain blood phosphorus levels at normal levels for a long time. 
Global guidelines for clinical management of TIO patients recommend 
that [28]: i. For cases that can be surgically removed, complete surgical 
resection should be performed to achieve complete removal of patho-
genic tumors; ii. For TIO patients diagnosed with unresectable or un-
identifiable pathogenic tumors, treatment with oral phosphate plus 
active vitamin D or burosumab is necessary, and effectiveness, clinical 
reactions, and adverse events of the treatment should be regularly 
evaluated; iii. Every 3–4 months, TIO patients who cannot be resected or 
for whom the causative tumor cannot be identified but are given a stable 
dose of oral phosphate plus active vitamin D or burosumab should be 
followed up to monitor serum and urine calcium, phosphate, creatinine, 
PTH, total or bone specific ALP and renal ultrasound. Frequent moni-
toring is required after starting treatment and dose adjustment; iv. 
Functional imaging follow-up is conducted every 1–2 years for TIO Ta
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Table 3 
Clinical review of previously published TIO patients with causative tumors in the femoral head.  

Authors Year Case Age 
(y), 
sex 

Symptoms Preoperative blood 
phosphorus 

Localization 
methods 

Localization Treatment Outcome Follow 
up 

Histological 
diagnosis 

Zhang Z 
[67] 

2023 Case 
1 

36,F Low back pain with mild 
motor dysfunction for 2 
years 

0.50 mmol/L SPECT Whole 
Body Bone Scanning; 
68Ga-DOTATATE PET/ 
CT 

A single lesion in 
the right femoral 
head (a size of 
about 20 mm × 10 
mm × 10 mm) 

CT guided right 
femoral tumorectomy 
and bone grafting 

Improvement 6 
months 

PMT with positive staining of 
CD56, SATB2 and FLI-1 

Zhang Y 
[68] 

2023 Case 
1 

27, 
M 

Bone pain 0.3–0.4 mmol/L 68Ga-DOTATATE PET/ 
CT 

In the right 
femoral head 

Right hip arthroplasty Improvement 
after the first 
operation; 8 years 
later with lung 
nodule as culprit 
lesion causing 
recurrent TIO 

8 years PMT 

Hervier E 
[69] 

2023 Case 
1 

31,F Progressive bone pain and 
muscle weakness, painful 
nonunion traumatic rib 
fractures, chronic lower 
back pain, left hip pain, 
and muscle weakness 

0.59 mmol/L 68Ga-DOTATATE PET/ 
CT 

In a lucent lesion of 
the left femoral 
head 

A bone biopsy; CT- 
guided radiofrequency 
ablation 

Improvement 3 years Bland stellate to short spindle 
cells, filling the medullary 
spaces, set in a background of 
myxoid to hyalinized matrix. 
The histologic features could 
reasonably exclude the 
diagnosis of osteoid osteoma 

Arita S 
[70] 

2022 Case 
1 

57, 
M 

Lower back pain and gait 
disturbance. Six years 
earlier, 
the symptoms of right 
lower limb pain, chest 
pain, lower back pain, 
fatigue, weakness of the 
trunk and muscle 
weakness had gradually 
appeared 

1.5 mg/dL Somatostatin receptor 
scintigraphy 

In the right 
femoral head 
(approximately 18 
× 13 mm) 

Cemented 
hemiarthroplasty 

Improvement 9 
months 

PMT 

Ni HJ[71] 2021 Case 
1 

48, 
M 

An acute exacerbation of 
chronic lower back pain 
and severe bilateral leg 
weakness, present for at 
least 6 years. Pain severely 
restricted his mobility 
confining him to life 
in his apartment. Short 
stature 

0.21–0.76 mmol/L A whole-body bone 
scan; 68Ga-DOTATATE 
PET/CT 

In the left femoral 
head (measuring 
27 mm) 

CT guided 
steroid injections; 
bilateral total hip 
replacement 

Improvement 10 
months 

PMT 

Yang M 
[72] 

2019 Case 
1 

37, 
M 

Debilitating bone pain and 
progressive generalized 
weakness needing 
assistance of a rolling 
walker for ambulation over 
the past several years 

Severe 
hypophosphatemia 

Whole-body bone 
scintigraphy; 68Ga- 
DOTATATE PET/CT 

Near the right 
femoral neck 

Right total hip 
replacement 

His FGF23 
dropped to 161 
RU/ml at day 1 
postsurgery 

/ Benign PMT 

Colangelo 
L[73] 

2018 Case 
1 

33, 
M 

Five years’ history of 
lumbar and pelvis pain 
together with 
multiple vertebral 
fractures 

0.41 mmol/L A full-body CT scan; the 
Octreoscan; 99m- 
Technetium (99mTc)- 
HYNIC-TOC 
(hydrazinonicotinyl- 
Tyr3-octreotide) 

In the right 
femoral head 

Excision of the femoral 
head; The patient 
underwent an 
operation with the 
plan being to first 
remove the femoral 
head lesion while 
performing an 

Improvement 4 
months 

Mesenchymal highly vascular 
tumor 

(continued on next page) 
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patients who cannot identify the causative tumor, and anatomical im-
aging follow-up is conducted for patients with unresectable tumors. 

4.6. Refractory and recurrent TIO 

In the latest systematic review, it was observed that 5.5 % (57 out of 
1070) of patients diagnosed with TIO were deemed unsuitable for sur-
gical treatment due to impracticality or ineffectiveness of surgical 
intervention [23]. In a recent cohort study conducted by Crotti et al., 
which spanned from September 2000 to May 2020 and included 17 
patients, approximately 18 % (3 out of 17) were found ineligible for 
surgical treatment due to the localization of tumors (second sacrum, 
skull, left femoral Scarpa triangle) [25]. These three patients (18 %) 
were only administered supportive drug treatment owing to the un-
suitability of tumor localization for surgical eradication [25]. Malignant 
TIO refers to tumors with the potential for metastasis or local recur-
rence. Within the study cohort, a total of 67 patients with malignant TIO 
were identified, comprising 35 males (52.2 %) and 32 females (47.8 %). 
This constituted approximately 3.9 % (67 out of 1725) of the total pa-
tients included in the study [23]. 

About 20 % of TIO patients experience recurrence or inability to 
recover after surgery [20]. Clinical diagnosis and treatment of re-
fractory/recurrent TIO is very challenging [20,49,118]. Li et al. [49] 
retrospectively analyzed 230 TIO patients who underwent surgical 
treatment at Peking Union Medical College Hospital. After initial sur-
gery, 26 cases (11.3 %) persisted while 16 cases (7.0 %) recurred. The 
overall ineffective rate of treatment was 18.3 %, with a median recur-
rence time of 33 months. Compared with the recovery group, patients in 
the refractory group were more likely to be female (59.5 % vs 41.0 %, p 
= 0.029), and had lower preoperative serum phosphorus levels (0.44 ±
0.13 vs 0.50 ± 0.11 mmol/L, p = 0.002). The refractory rate of head/ 
neck tumors was the lowest (7.5 %), while that of spinal tumors was the 
highest (77.8 %). The refractory rate for bone tumors was higher than 
that of soft tissue tumors (32.7 % vs 7.0 %, p < 0.01). The prognosis of 
malignant tumors was worse than that of benign tumors (p < 0.01). In 
multivariate regression analysis, women, spinal tumors, bone tissue 
involvement tumors, malignant tumors, and preoperative low serum 
phosphorus levels were identified as risk factors for refractory outcomes. 
In clinical practice, for cases where rigid internal fixation materials have 
been used for the first surgery (such as spinal screw rod systems, arti-
ficial joints, etc.), orthopedic physicians should overcome difficulties 
such as artifact interference caused by internal fixation materials in 
imaging examination, tumor dissemination, or multi-focal distribution 
in re-evaluation of refractory cases. Accurate determination of the 
location and extent of the causative tumor using clinical data and 
auxiliary examination will inform on further assessment and develop-
ment of intervention plans. 

4.7. Management of fractures caused by severe osteomalacia in TIO 

In TIO, high secretion of FGF-23 leads to increased renal phosphorus 
excretion and reduced intestinal phosphorus absorption, resulting in 
reduced bone resorption of calcium and phosphorus and inhibited bone 
mineralization in osteoblasts. For TIO patients with longer or more se-
vere disease course, a severe decrease in bone density often leads to 
occurrence of multiple fractures throughout the body. Bone micro-
structure dysplasia in TIO patients can be accompanied by severe skel-
etal malformations, such as spine, limbs, etc., which can lead to bone 
pain and seriously affect the quality of life (QoL) for patients [119]. 
Therefore, apart from resection surgery for TIO causative tumors, 
occurrence of fractures during the disease course is a key and chal-
lenging factor in orthopedic surgical management [53,120,121]. 

Kobayashi et al. [53] found that hip fractures and subchondral 
insufficiency fractures of the femoral head are very common in TIO 
patients. Hip fractures in TIO patients can be improved after surgery and 
medication, and conservative treatment can be performed. However, Ta
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Table 4 
Clinical review of previously published TIO patients with causative tumors in the spinal region.  

Authors Year Case Age 
(y), sex 

Symptoms Preoperative blood 
phosphorus 

Localization 
methods 

Localization Treatment Outcome Follow 
up (M) 

Histological 
diagnosis 

Chen D[88] 2024 Case 
1 

47, 
male 

Joint stiffness, pain 
in his 
bilateral foot, 
weakness 

Hypophosphatemia Octreotide; 68Ga- 
DOTATATE PET/ 
CT scan 

Extradural tumor 
in the intraspinal 
canal from T11 to 
L5 

Resection of the tumor at the 
lower segment of the right 
femur, and postoperative 
pathology showed malignant 
phosphaturic mesenchymal 
tumor tumors; A gross total 
resection was 
performed without 
intraoperative complications 

Improvement 3 Malignant PMT 

Pannu CD 
[89] 

2023 Case 
1 

61, 
male 

Generalised 
myopathy, bone 
and joint pain and 
malaise 

Hypophosphatemia 68Ga-DOTATATE 
PET/CT 

In the left pedicle 
of T9 

Excision biopsy was performed 
in an elective setting after 
stabilizing the spine with a 
unilateral single-level screw rod 
construct following the excision 
of the left T9 pedicle 

Improvement 12 PMT   

Case 
2 

40, 
female 

Severe thoracic 
back pain after 
falling on her mid- 
thoracic back 

Hypophosphatemia MRI Between the right 
T5/6 
costovertebral 
regions 

The needle biopsy; excision 
biopsy 

Improvement 72 PMT   

Case 
3 

71, 
male 

A sudden, 
spontaneous 
fracture of the right 
neck of 
femur. Unable to 
walk on his 
feet 

Hypophosphatemia 68Ga-DOTATATE 
PET/CT 

In the left lamina 
of T5 (measuring 
approximately 18 
× 19 mm) 

An en-bloc resection of T5 
lamina and spinous process 

Improvement 6 PMT 

Agarwal A 
[90] 

2023 Case 
1 

65, 
female 

/ Low serum phosphate 
level 

PET/CT / / / / PMT 

Mancini AJ 
[77] 

2022 Case 
1 

60, 
female 

Multiple fractures, 
pain 

1.5–2.4 mg/dL 
(reference: 2.5–4.9 mg/ 
dL) 

68Ga-DOTATATE, 
MRI 

Posterior right 
T12 vertebral 
body 

Thoracic hemilaminectomy 
with en bloc spondylectomy of 
the T12 tumor with T10–L2 
posterior instrumented fusion 

Improvement 26 PMT 

Filipová L 
[91] 

2022 Case 
1 

53, 
female 

Bone pain, muscle 
weakness and 
multiple bone 
fractures 

Hypophosphatemia due 
to renal phosphate 
wasting and elevated 
plasma fibroblast growth 
factor 23 

68Ga-DOTATOC 
PET/CT, CT scan, 
MRI 

In the vertebral 
body of L2 

Surgical resection of the tumor Improvement NA PMT (benign variant) 

Sistani G[80] 2022 Case 
1 

70, 
female 

Unsteady and 
shuffling gait and 
generalized body 
pain 

A low phosphate level of 
0.48 mmol/l (normal 
range: 0.8–1.45 mmol/l) 

CT,MRI,bone 
scintigraphy 

Sacral spinal canal 
and extending 
through the 
anterior sacral 
foramina 

Incomplete resection, the 
patient underwent radiation 
and was placed on phosphorus 
and calcitriol 

Improvement NA PMT 

Garg B[78] 2020 Case 
1 

55, 
male 

Bone pain at 
multiple sites and 
difficulty in 
standing up 

Serum phosphate (1.4 
mg/dL, normal range 
2.5–4.5 mg/dL) 

68Ga-DOTANOC 
PET/CT, CT, MRI 

Posterior arch and 
transverse process 
of the T2 vertebra 

Complete tumour excision 
(laminectomy +
costotransversectomy +
pediculotomy +
hemicorpectomy) +
instrumented fusion) 

Improvement 36 PMT 

Liu S[82] 2020 Case 
1 

52, 
male 

Back pain, systemic 
bone pain 

Hypophosphatemia 
(0.53 mmol/L; normal: 
0.81–1.45 mmol/L) 

MRI of spine and 
PET/CT 

L5（in the left 
posterior part of 
the spinal canal at 
the level of L5） 

Posterior L5 tumor resection, 
bone cement reconstruction, 
L4-S1 spinal canal 
decompression, and L3-S2 
internal fIxation 

Improvement 36 PMT 

(continued on next page) 
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Table 4 (continued ) 

Authors Year Case Age 
(y), sex 

Symptoms Preoperative blood 
phosphorus 

Localization 
methods 

Localization Treatment Outcome Follow 
up (M) 

Histological 
diagnosis 

Wang X[83] 2019 Case 
1 

34, 
female 

Bone pain, unable 
to walk 

Hypophosphatemia PET/CT L1 Complete resection Improvement 60 PMT 

Yang M[72] 2019 Case 
1 

70, 
male 

Persistent muscle 
aches, joint aches, 
and weakness 

Hypophosphatemia and 
elevated FGF23 at 930 
RU/ml 

Whole-body bone 
scintigraphy, MRI, 
In-111 pentetreotide 
scintigraphy 
(Octreoscan), Ga68- 
DOTATATE PET/ 
CT 

At the anterior 
portion of the T11 
vertebral body 

Partial corpectomy of T11 His FGF23 level 
dropped to 78 
RU/ml 
immediately after 
surgery 

NA Benign PMT 

Agarwal N 
[79] 

2019 Case 
1 

71, 
male 

NA NA NA Right C2 lamina C2 hemilaminectomy Improvement NA PMTMCT 

Yamada Y 
[92] 

2018 Case 
1 

68, 
male 

NA NA NA L Biopsy NA NA PMTMCT   

Case 
2 

54, 
male 

NA NA NA L5 Resection No recurrence NA PMTMCT 

Kobayashi H 
[93] 

2017 Case 
1 

62, 
male 

NA Elevated FGF-23 NA L1 Incomplete 
resection 

Recurrence 99 NA 

Zuo QY[54] 2017 Case 
1 

Female Bone pain, muscle 
weakness, 
general debility, 
unable to 
walk 

Hypophosphatemia, 
elevated ALP and PTH 

OCT, PET/CT, 
MRI 

L1 Tumor resection Recurrence 34 PMT   

Case 
2 

Female Bone pain, muscle 
weakness, 
general debility, 
unable to walk 

Hypophosphatemia, 
elevated ALP, 

OCT, PET/CT, 
MRI 

L1 Tumor resection Improvement 22 PMT   

Case 
3 

Female Bone pain, muscle 
weakness, 

Hypophosphatemia, 
elevated ALP and PTH 

OCT, PET/CT, 
MRI 

S1 Tumor resection Improvement 22 PMT 

Maehara J 
[94] 

2016 Case 
1 

54, 
male 

Chronic pain in his 
chest, back and 
both legs 

Low serum phosphorus 
(2.0 mg/dl) 

68Ga-DOTATOC 
PET/CT, CT, MRI 

L5 Total excision Improvement NA PMT 

Meng T[81] 2015 Case 
1 

60, 
male 

Bone pain, 
weakness, 
paresthesia 

Hypophosphatemia,  
elevated PTH 

MRI T1 Complete resection, 
supplementation of calcitriol 

Improvement 48 PMT 

Nakamura T 
[84] 

2015 Case 
1 

72, 
male 

Weakness Hypophosphatemia, 
elevated 
ALP and PTH 

MRI, bone scan C5 Complete resection, 
supplementation of phosphate 
and calcitriol 

Improvement 60 PMTMCT 

Puthenveetil 
PJ[87] 

2013 Case 
1 

61, 
female 

Musculoskeletal 
pain, weakness, 
fractures 

Hypophosphatemia, 
increased 
ALP and FGF-23 

PET/CT T12 Complete resection, 
supplementation of calcium and 
phosphate 

Persistent serum 
abnormalities 

30 PMTMCT 

Gandhi GY 
[95] 

2012 Case 
1 

66, 
female 

Bone pain, 
weakness 

Hypophosphatemia,   
elevated ALP and PTH 

MRI, bone scan L4 Complete resection Improvement 6 PMTMCT 

Akhter M[96] 2011 Case 
1 

52, 
female 

Fracture Hypophosphatemia and 
elevated FGF-23 

PET/CT, MRI C5 Complete resection Improvement 12 PMTMCT 

Mavrogenis 
AF[97] 

2010 Case 
1 

42, 
female 

Bone pain, 
paresthesias 

Elevated FGF-23 MRI S1 Complete resection Improvement 12 PMTMCT 

Marshall AE 
[98] 

2010 Case 
1 

55, 
female 

Bone pain; 
fractures 

Hypophosphatemia and 
elevated FGF-23 

PET/CT T12 Complete resection Improvement NA PMTMCT 

Pirola E[86] 2009 Case 
1 

57, 
male 

Fractures, 
paresthesias 

Hypophosphatemia, 
elevated ALP and PTH 

CT, MRI T4 Complete resection, 
supplementation of vitamin D 
and phosphate 

Improvement 24 PMT 

Sciubba DM 
[85] 

2009 Case 
1 

56, 
female 

Bone pain, 
weakness, fractures 

Hypophosphatemia, low 
level of vitamin D3, 
elevated ALP and PTH 

PET/CT T8 Complete resection Improvement 14 PMT 

(continued on next page) 
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subchondral insufficiency fractures of the femoral head can result in 
progressive collapse of the femoral head, which is the main reason why 
patients experience persistent pain after successful TIO treatment. 

Reducing bone density in osteomalacia leads to fractures and in-
creases the risk of bone non-union or delayed bone healing [122]. Inoue 
et al. [123] reported a 48-year-old male TIO case with left neck femur 
insufficiency fracture. The pathogenic tumor located in the patient’s 
maxillary sinus could not be completely removed. Therefore, the pa-
tient’s symptoms persisted, and without serious trauma, he experienced 
a left neck femur fracture [123]. Due to expected delayed fracture 
healing, the surgeon used implants and multiple screws for internal 
fixation to achieve better stability [123]. During the 30-month follow-up 
period after surgery, the patient showed no symptoms and was able to 
achieve independent walking [123]. The clinical course of TIO is 
gradual, therefore, early diagnosis is important for preventing bone- 
related events. However, when the fracture is inevitable, surgical 
treatment of osteomalacia patients with femoral neck fractures should 
consider a longer time for complete fracture healing, and the use of 
implants with sufficient stability should be paid attention to by ortho-
pedic doctors. 

5. Other management options 

Compared with surgical treatment, ablation therapy is less invasive 
and has fewer side effects [7]. Ablation treatment involves the use of 
heating (microwave, ultrasound, laser or radio frequency), cooling 
(frozen ablation) or chemical agents (percutaneous ethanol infusion) to 
destroy histiocytes, interrupt blood supply, and induce apoptosis. 
Ablation therapy can be performed under the guidance of multimodal 
data signals such as ultrasound, CT, MRI, 18F-FDG PET/CT, or 68Ga- 
DOTATATE PET/CT [7]. For TIO patients, surgical resection of patho-
genic tumors is the preferred treatment option. When tumor location is 
special and surgical resection is not feasible, image-guided ablation is an 
effective, minimally invasive, and safe alternative treatment option 
[59,61]. Xian et al. [124] reported that ultrasound-guided radio-
frequency ablation is a safe and effective minimally invasive treatment 
option, and may be a valuable surgical alternative for TIO patients. 
Maybody et al. [125] performed biopsy and cryoablation under the 
guidance of 68Ga DOTATOC PET/CT, while autoradiography was per-
formed on the biopsy sample to show the in situ correlation between 
68Ga DOTATOC uptake and histopathology with millimeter resolution. 
On this basis, Cowan et al. [126] reported that CT-guided cryoablation 
expands the range of treatment options for TIO patients, especially for 
those who refuse surgery or have poor surgical conditions. 

Global guidelines for TIO diagnosis and treatment proposed the use 
of oral phosphate combined with active vitamin D or Burosumab for TIO 
cases that cannot be resected or whose pathogenic tumors cannot be 
identified to maintain calcium and phosphorus metabolism, improve 
hypophosphatemia, and alleviate disease progression [28]. The specific 
recommended daily supplementation doses are: 20 to 40 mg/kg daily 
(1–3 g/d for adults) of elemental phosphorus and 20 to 30 ng/kg daily 
(0.5 to 1.5 ug/d for adults) of calcitriol. Phosphate supplements should 
be divided into 4 to 6 doses per day and increased to the target dose 
within a few days to weeks. Renal function, serum calcium, phosphate, 
alkaline phosphatase, PTH, and 24-hour urine calcium levels should be 
monitored every 3 to 6 months. The treatment dose should be adjusted 
as appropriate to prevent the occurrence of complications, including 
hypercalcemia, secondary hyperparathyroidism, renal stones and 
decreased renal functions, diarrhea, and gastrointestinal reactions 
[127]. 

For patients who cannot tolerate phosphorus solution or who suffer 
from secondary hyperparathyroidism, cinacalcet is a potential treatment 
option. Cinacalcet is a calcium sensitive receptor agonist that can act on 
surface calcium receptors of the parathyroid gland, inhibiting PTH 
secretion and reducing urinary phosphorus excretion. It is one of the 
auxiliary treatment options for TIO patients [128]. Bhadada et al. [129] Ta
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reported a TIO patient for whom the tumor lesion could not be located, 
therefore, the patient was subjected to total parathyroidectomy due to 
recurrent hypercalcemia hyperparathyroidism. The decrease in PTH 
level and improvement of hypophosphatemia postoperatively suggested 
that total parathyroidectomy might be a potential considerable therapy 
for TIO patients. However, the association between PTH and FGF-23 
should be investigated further and treatment of TIO by suppressing 
PTH levels requires more evidence. The efficacy of octreotide in 
improving hypophosphatemia has not been fully established [130]. 

Research hotspots for TIO treatment include the anti FGF-23 
monoclonal antibodies [37]. Burosumab, a full human monoclonal 
antibody of FGF23 [131], can combine with FGF23 and inhibit its bio-
logical activities as well as downstream signaling pathways, increase 
phosphorus reabsorption by the kidneys and serum vitamin D levels, 
thereby improving bone mineralization and alleviating the related bone 
diseases. In April 2018, burosumab was approved for use in X-linked 
dominant hypophosphatemic rickets (XLH) in adults and children over 
1-year old [132]. A study on the efficacy and safety of burosumab for 
TIO treatment found that patient blood phosphorus levels increased 
after burosumab treatment. Nine cases (9/13, 62.9 %) had the average 
peak blood phosphorus levels at the 24th week, while six cases (6/13, 
46.2 %) had the average low blood phosphorus level at the 48th week 
[133]. For TIO patients whose tumors cannot be removed, burosumab is 
a potential effective treatment method [133–137]. The recommended 
initial dose of burosumab for TIO treatment is 0.5 mg/kg, once every 4 
weeks; the maximum dose is 2 mg/kg (not exceeding 180 mg) every 2 
weeks. Dose adjustment should be based on serum phosphate levels, and 
serum phosphate levels should be assessed on an empty stomach 
monthly during the treatment process [127]. 

6. Future prospects 

Most of the current studies on TIO pathogenesis are focused on FGF- 
23, however, its etiology and pathogenesis should be investigated 
further. The advances in genomics, transcriptome, metabolomics and 
other analytical assays will play an important role in clarification of its 
pathogenesis, which will be of significance in informing the clinical 
treatment of TIO. 

As a rare entity, TIO is associated with a huge economic burden and 
life pressure to patients and their families. Its true incidence is likely to 
be underestimated because some doctors have insufficient knowledge of 
the disease. In recent years, international scholars have begun to pay 
attention to and study the disease burden as well as mental health issues 
of TIO cases [138,139]. In clinical practice, there is a need to popularize 
the clinical characteristics and diagnosis as well as treatment options for 
this disease. Allowing more clinical doctors to master the diagnosis and 
treatment of the disease as well as optimizing the diagnosis and treat-
ment modes are prerequisites for avoiding delayed diagnosis and 
treatment. Early diagnosis and reasonable treatment will reduce the 
occurrence of complications and improve the quality of life of TIO pa-
tients. In TIO diagnosis, more diagnostic techniques are showing better 
sensitivity and specificity, however, large-scale and high-quality clinical 
studies should be performed to confirm their utility. With development 
of intraoperative localization technologies, tumor resection guided by 
3D navigation technologies and exploration of various intraoperative 
tracking technologies will achieve more accurate intraoperative struc-
tural or functional localization, and contribute to complete intra-
operative tumor resection [45,93]. 

The anti FGF-23 monoclonal antibodies require more evidence to 
support their effectiveness and safety in TIO treatment. Surgery is the 
frontline method for TIO treatment [28,137,140]. Summarizing the 
experience of orthopedic surgical treatment for TIO with causative tu-
mors located in different parts is of great clinical value, and is of crucial 
significance for improving the effectiveness of orthopedic surgical 
treatment. In orthopedic surgical treatment, selection of the resection 
range and surgical method for patients with tumors that involve bones 

that cannot be completely removed is a major challenge. The location 
and extent of involvement of the pathogenic tumors are important bases 
for formulating surgical plans, however, more clinical evidence is 
required to develop better treatment plans. Personalized surgical plans 
are of great significance. Different anatomical sites and tumor ranges 
restrict the selection of surgical plans, and different surgical strategies 
are associated with clinical cure or persistence of TIO cases. In persistent 
and/or recurrent, refractory TIO, diagnostic methods, including 
biochemical evaluation, functional, and anatomical imaging should be 
repeated to detect metastasis or multiple lesions and exclude other 
diseases. Studies should aim at developing better clinical treatment 
options for refractory, recurrent, and multifocal culprit tumors involved 
in TIO development [29,49,118]. 

7. Summary 

Clinical diagnosis and treatment of tumor-induced osteomalacia 
have shown some progress in various aspects, however, a more stan-
dardized orthopedic surgical treatment system should be established. 
The long-term treatment effects of various treatment modes should be 
confirmed further. Surgery is among the first-line treatment options for 
TIO. Clinical treatment for most TIO patients should be performed by 
orthopedic specialists, and choosing the most appropriate and effective 
orthopedic surgical treatment strategies is crucial for TIO patients with 
pathogenic tumors located in different parts of the body. Surgical 
treatment plans, comprehensive treatment modes, and patient prognosis 
characteristics of orthopedic-related TIO should be investigated further. 
The orthopedic surgical treatment strategies summarized in this review 
will play a positive role in improving the clinical diagnosis and treat-
ment of TIO patients. 
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