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Qrsemr

Background: Tumor-induced osteomalacia (TIO) is a rare paraneoplastic syndrome char-
acterized by hypophosphatemia and osteomalacia, resulting from excessive production
of fibroblast growth factor 23 by mesenchymal tumors. Although various imaging tech-
niques are used to localize the tumor, the rarity of the disease poses significant chal-
lenges in tumor detection. Methods: After retrospectively analyzing 25 TIO patients
who visited the Severance bone and mineral clinic between 2004 and 2024, we added
all reported TIO cases in Korea by searching PubMed, Embase, and Web of Science. Us-
ing the PRISMA method, an additional 14 reports comprising 22 patients were included.
Results: Among the 47 patients, 25 (53.2%) were male, with a median age of 52 years.
Tumors were most commonly located in the lower extremities (57.5%), with a median
size of 1.9 cm. Surgical resection, including radiofrequency ablation, was performed in
45 patients; reoperation was required in 26.7% (12/45) due to residual tumors. After gal-
lium scans were covered by insurance, 83.3% (25/30) of patients underwent gallium-
based imaging for tumor localization with 77.3% of tumors successfully localized in ini-
tial scan. Of the five patients with negative initial scans, four (80%) showed positive find-
ings on a second scan conducted 1 to 2 years later. Conclusions: Although gallium scans
are the most commonly employed imaging modality for detecting tumors responsible
for TIO, localization remains challenging due to the small tumor size, potential for wide-
spread anatomical distribution, and prolonged diagnostic delay. Repeating gallium im-
aging canyield positive results in previously negative cases, and additional imaging mo-
dalities may be necessary to facilitate accurate localization.

Key Words: Gallium radioisotopes - Hypophosphatemia - Korea - Osteomalacia - Parane-
oplastic syndromes

INTRODUCTION

Tumor-induced osteomalacia (TIO) is a rare paraneoplastic syndrome character-
ized by hypophosphatemia and osteomalacia caused by excess production fibro-
blast growth factor 23 (FGF-23). FGF-23 is a biochemical factor secreted by bone
in healthy individuals that regulates phosphate metabolism. It promotes the deg-
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radation of 1,25-dihydroxyvitamin D (1,25[0OH].D) in the
kidneys, leading to decreased phosphate absorption in the
intestines and renal proximal tubules.[1-3] FGF-23 also acts
in the renal proximal tubules by inhibiting Na-Pi2a cotrans-
porters, thereby increasing urinary phosphate excretion.
[1-4]

Overproduction of FGF-23 results in hypophosphatemia,
increased renal phosphate excretion, and elevated alkaline
phosphatase (ALP) levels, with typically normal calcium,
decreased 1,25(0H).D, and elevated parathyroid hormone
levels. Most FGF-23—producing tumors are small, benign
phosphaturic mesenchymal tumors (PMTs).[1-7]

Patients with TIO exhibit a wide range of musculoskele-
tal symptoms, including progressive pain, muscle weak-
ness, multiple fractures, gait disturbances, fatigue, and
even a decrease in height.[1,8,9]

Complete surgical resection of the causative tumor is
considered the definitive treatment for TIO, resolving both
clinical symptoms and biochemical abnormalities, includ-
ing a significant increase in bone mineral density.[1,10] In
cases where surgical excision is not feasible, radiofrequen-
cy ablation (RFA) or medical therapies—including conven-
tional treatment with oral phosphate and calcitriol, and
the newly approved burosumab—are considered alterna-
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tives.[2,4,11,12]

Therefore, accurate localization of the tumor is a crucial
initial step in the diagnosis and management of TIO.[13]
Among the various imaging modalities, ®*Ga-DOTATOC
positron emission tomography/computed tomography
(PET-CT) has emerged as one of the most promising tech-
niques for tumor localization in TIO.[14]

It is known that somatostatin receptors (SSTRs) are over-
expressed in mesenchymal tumors, which has led to the
use of ""'Indium-based octreotide scans and *®Ga-DOTA-
TOC PET-CT scans—originally developed for targeting
SSTRs in neuroendocrine tumors—for tumor detection in
TIO.[4,6,14,15] Several studies have compared these tech-
niques and have demonstrated that **Ga-DOTATOC PET-CT
scans are superior in terms of shorter investigation time,
reduced radiation exposure, greater availability, and cost-
effectiveness.[16,17] Additionally, ®Ga-DOTA-peptides
show a higher affinity for SSTR2 than '"'In-DTPA-octreo-
tide, offering improved sensitivity in detecting small neu-
roendocrine tumors.[12] After functional imaging is com-
pleted, anatomical imaging techniques such as magnetic
resonance imaging (MRI) are used to correlate findings
and confirm tumor localization.[7] If the tumor is not iden-
tifiable through imaging, whole-body venous sampling
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(WBVS) may be considered.[2,4,18] Although no standard-
ized cutoff for the FGF-23 gradient has been established, a
more than 1.5-2.0-fold increase in FGF-23 levels across
sampled sites is clinically considered significant.[18,19]

Despite advances in diagnostic modalities, there is a lack
of long-term, comprehensive research on TIO in Korea that
includes biochemical trends and disease characteristics
before and after tumor resection. In this study, we re-
viewed all papers published between 1994 and 2024 and
included patients diagnosed with TIO at Severance Hospi-
tal between 2004 and 2024.

METHODS

1. Study subjects

We retrospectively analyzed 25 patients who were diag-
nosed with TIO and visited Severance Hospital between
2004 and 2024. We then expanded our research to include
all reported TIO cases in Korea by searching PubMed, Em-
base, and Web of Science. The search strategy is detailed in
Supplementary Table 1.

Scoping Review of Tumor-Induced Osteomalacia in South Korea [

2. Selection criteria

This study was conducted according to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. We included reports involving Korean
patients with TIO that provided initial laboratory findings,
tumor size, treatment methods, and postoperative labora-
tory results. Reports were excluded if they did not involve
Korean patients, lacked patient-specific data, had unavail-
able full texts, or focused on other hypophosphatemic
conditions such as X-linked hypophosphatemia. A total of
169 studies were initially identified from the databases. Af-
ter removing duplicates, titles and abstracts were screened
based on the exclusion criteria. Subsequently, full texts
were reviewed for eligibility (Fig. 1). This process yielded 14
reports covering 22 patients. After adding the 25 patients
from Severance Hospital, our final study population in-
cluded 47 patients.

3. Statistical methods

Data for this study were extracted from multiple sources,
including the original electronic medical records at Sever-
ance Hospital. These data were reanalyzed and combined.
Due to the small sample size, a quantitative summary was

[ Identification of studies via databases and registers ]

Records identified from

Records removed before screening:

S (N=169)

R

E MEDLINE (N=57)
S EMBASE (N=58)

Web of Science (N=54)
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Records excluded (N=79)
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£
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S +25 patients analyzed from
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of study selection based on the PRISMA

guidelines.
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conducted using medians and interquartile ranges (IQRs).

RESULTS

Among the 47 patients, 25 (53.2%) were male, with a
median age of 52 years (IQR, 34-60). The duration from
symptom onset to the initial hospital visit was 36.0 months
(IQR, 17.3-91.2). Tumors were predominantly small and

JBM

benign, with a median longest axis of 1.9 cm (IQR, 1.5-2.8);
only 2 patients (4.4%) had malignant tumors. Laboratory
values at the initial visit indicated hypophosphatemia (1.7
mg/dL), elevated intact FGF-23 (261.8 pg/mL), and elevat-
ed (ALP, 339.0 IU/L), while calcium (8.9 mg/dL) and para-
thyroid hormone (54.0 pg/mL) levels were within normal
ranges (Table 1).

Tumors were most commonly located in the lower ex-

Table 1. Baseline characteristics of patients with tumor-induced osteomalacia

Variables Reference range Total (N=47)
Sex

Male 25(53.2)

Female 22 (46.8)
Age (yr) 52.0 (33.5-60.0)
Time from symptom onset to first visit (mon)? 36.0(17.3-91.2)
Time to lesion localization (mon)® 2.0(1.0-12.0)
Tumor size (cm)® 1.9(1.5-2.8)
Serum intact FGF-23 (pg/mL)” <40 261.8 (180.6-388.8)
Serum phosphate (mg/dL)" 25-42 1.7(1.4-2.0)
Serum ALP (IU/L)" 50-151 339.0(190.0-423.5)
Serum calcium (mg/dL)® 8.5-105 8.9(8.5-9.2)
Serum PTH (pg/mL)? 17.3-74.1 54.0 (43.0-95.4)
TRP 73.0(57.0-81.3)

The data is presented as median (interquartile range) or N (%).
“Time from the onset of symptoms to the initial hospital visit.
®Time from the initial hospital visit to localization of the tumor.

ITumor size measured by the longest axis in the pathological report. For fragmented tumors, imaging findings were used.
9Biochemical parameters measured at the time of the patient’s initial hospital visit. Twenty-four patients were available for fibroblast growth factor 23

(FGF-23) measurements.

ALP, alkaline phosphatase; PTH, parathyroid hormone; TRP, tubular reabsorption of phosphate.

Head & neck 31.9% (N=15)
Frontal sinus (N=2)

Ethmoid sinus (N=1)
Mandible (N=4)
Maxilla (N=6)
Buccal gingiva (N=2)

Hip 25.5% (N=12)
Pelvic bone (N=8)
Upper leg (N=4)

Lower leg 14.9% (N=7)
Tibia (N=4)
Fibula (N=2)
Foot (N=1)

—@

Shoulder 2.1% (N=1)

Spine 8.5% (N=4)

Femur 17.0% (N=8)
Proximal (N=7)
Distal (N=1)

Fig. 2. Anatomical distribution of tumors in patients with tumor-induced osteomalacia (N=47).
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tremities (57.5%), particularly around the hip area (25.5%).
This was followed by the head and neck region (31.9%),
spine (8.5%), and upper extremities (2.1%). Among the 42
localized tumors, confirmed by pathology, 29 (69.0%) were
located in bone and 13 (31.0%) in soft tissue. Soft tissue tu-
mors were predominantly found in the head and neck re-
gion (53.8%, 7/13) and the lower extremities (46.2%, 6/13).
All tumors (100%, N=44) were classified as PMTs based on
surgical pathology, with clinical symptoms and laboratory
values improving after resection (Fig. 2).

The median time from the initial hospital visit to tumor
localization was 2.0 months (IQR, 1.0-12.0). The methods
used for localization changed after 2016, when ®Ga-DOT-
ATOC PET-CT scans began to be covered by insurance in
Korea.[20] Before 2016, MRI (23.5%) was the most com-
monly used imaging modality, followed by CT (17.6%),
plain radiography (17.6%), and fluorine-18 fluorodeoxy-
glucose ("®F-FDG) PET-CT (11.8%). One case utilized "In-
octreotide scintigraphy, which targets SSTRs in tumors. In
eight cases, masses were initially identified through physi-
cal examination or visual inspection, with subsequent con-
firmation using CT prior to treatment. After 2016, among
30 cases, 25 (83.3%) tumors were localized using **Ga-
DOTATOC PET-CT scans, followed by "®F-FDG PET-CT (6.7%)
and WBVS (6.7%) (Supplementary Table 2).

8Ga-DOTATOC PET-CT demonstrated high sensitivity,
with 25 of 29 patients (86.2%) showing positive results on
the first scan. Four patients with initially negative results
underwent a second scan 1 to 2 years later while receiving
medical supplementation. Of these, three were successful-
ly localized; only one case remained undetected by ®Ga-

Table 2. Detection rate of %Ga-DOTATOC positron emission tomog-
raphy-computed tomography and whole-body venous sampling

Variables Total
%Ga-DOTATOC scan (N=29)
1st scan (N=29)

Positive 25(86.2)
Negative 4(13.8)
2nd scan (N=4)
Positive 3(75.0)
Negative 1(25.0)
Whole-body venous sampling (N=23)
Positive 19(82.6)
Negative 4(17.4)

The data is presented as N (%).
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Scoping Review of Tumor-Induced Osteomalacia in South Korea [

DOTATOC PET-CT and was subsequently identified using
WBVS. Overall, the detection rate of ®*Ga-DOTATOC PET-CT
scans was 96.6%.

Among the 23 patients who underwent WBVS, 19 (82.6%)
showed positive results, with the highest tumor-to-periph-
eral FGF-23 gradient correlating with the tumor location.
The median ratio was 1.3 (IQR, 1.2-1.5), which was lower
than previously reported values (Table 2).

Surgical resection was performed in 44 patients (91.5%),
followed by RFA in 2 patients (4.3%) and medical treat-
ment in 2 patients (4.3%). RFA was selected for tumors lo-
cated in the humeral head and acetabulum to avoid func-
tional impairment associated with surgery. Patients who
declined surgical intervention received medical supple-
mentation instead. One patient with malignant TIO and
lung and pancreatic metastases underwent surgery but
did not show improvement, although serum phosphate
levels were maintained under chemotherapy. In patients
who underwent complete tumor removal, serum FGF-23,
phosphate, and ALP levels returned to normal. However,
the time required for normalization varied by parameter:
serum phosphate typically normalized within one month,
while ALP required a longer duration (Table 3, Fig. 3).

Reoperation was required in 26.7% of cases due to resid-
ual tumors, with a median time to reoperation of 62.5
weeks (IQR, 42.0-84.0).

DISCUSSION

%8Ga-DOTATOC PET-CT scans are now the most common-

Table 3. Postoperative laboratory characteristics of patients with tu-
mor-induced osteomalacia

Variable Numerical value Total number
Malignancy 2(4.3) 47
Before surgery? 47

Serum FGF-23 (pg/dL)
Serum phosphate (mg/dL)
Serum ALP (IU/L)

After surgery

261.8 (180.6-388.8)
2.1(1.9-2.7)
183.0 (128.5-349.0)

Serum FGF-23 (pg/dL) 26.9(12.4-39.7) 18
Serum phosphate (mg/dL) 25(2.2-3.2) 37
Serum ALP (IU/L) 145.0 (108.0-262.3) 33

The data is presented as median (interquartile range) or N (%).
IFibroblast growth factor 23 (FGF-23) levels are from the initial evalua-
tion; serum phosphate and alkaline phosphatase (ALP) levels are from
the most recent preoperative measurements.
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Fig. 3. Postoperative changes in serum biochemical parameters in patients who underwent successful tumor resection. (A) Changes in postopera-
tive value of serum phosphate. (B) Changes in postoperative value of serum alkaline phosphatase.

ly used modality for localizing causative tumors in TIO, sig-
nificantly reducing the time from diagnosis to localization
from 50.0 months (IQR, 27.0-57.0) to 1.5 months (IQR, 1.0
2.0). This earlier localization facilitates prompt surgical re-
section, which leads to rapid normalization of serum phos-
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phate and FGF-23 levels, along with improved clinical out-
comes, including resolution of musculoskeletal symptoms.
[1] However, even with the widespread adoption of galli-
um-based scans, the interval from symptom onset to suc-
cessful tumor localization often still exceeds three years

https://doi.org/10.11005/jbm.25.901
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from the onset of symptoms. This is primarily due to the
small size of the tumors and their potential to occur any-
where in the body, which continues to pose a challenge
for accurate localization. Tumors causing osteomalacia are
frequently found in the lower extremities, particularly
around the hip, inguinal region, and femur. Additionally, a
substantial number of tumors are located in the head and
neck region, underscoring the importance of whole-body
imaging during the diagnostic process.[3]

We observed that the failure rate of initial **Ga-DOTATOC
PET-CT scans was 14%, which is higher than previously re-
ported in the literature. Feng et al. [3] reported the detec-
tion rate of 97.7%, corresponding to a failure rate of 2.3%.
Notably, 4 out of 5 patients in our study who initially had
negative scans showed positive findings on repeat imag-
ing.[3] This highlights the importance of performing re-
peat Ga-DOTATOC PET-CT scans in patients with initially
unlocalized tumors. Moreover, in cases where *Ga-DOTA-
TOC PET-CT was initially unsuccessful, conventional imag-
ing techniques such as F-FDG PET-CT, often in combina-
tion with functional imaging or WBVS, were able to localize
the tumor—demonstrating the value of a multimodal im-
aging approach.

Complete surgical excision of the tumor led to immedi-
ate improvement in serum FGF-23 levels, followed by nor-
malization of phosphate and ALP levels. Two patients with
tumors located in the humeral head and acetabulum who
underwent RFA demonstrated comparable biochemical
responses, supporting the effectiveness of RFA in cases
where surgery is contraindicated due to the risk of func-
tional impairment.[3,8]

Reoperation due to residual tumors involved 11 benign
tumors and 1 malignant tumor, highlighting the impor-
tance of wide-margin resection or extended curettage to
prevent residual disease.[10,21] In 91.7% of reoperation
cases, tumors were located in bone; only one case involved
soft tissue. Tumor recurrence has been reported to be
higher in the spine and lower in the head and neck re-
gions.[21] In our study, no tumor recurrence was observed.
The locations of residual tumors were as follows: 50% in
the lower extremities, 33% in the head and neck region,
and 17% in the spine.

Two malignant tumors were identified—one located in
the soft tissue of the spine and the other in the maxillary
bone. Only one patient exhibited lung metastasis. Neither

https://doi.org/10.11005/jbm.25.901
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serum FGF-23 levels nor tumor size showed significant dif-
ferences between malignant and benign TIO tumors.[10]
This study has some limitations. Although we attempted
to include all reported TIO cases in Korea, the overall sam-
ple size remains modest. Additionally, the inclusion of cas-
es from dental journals may have introduced selection
bias, potentially overrepresenting tumors located in the
head and neck region, as patients often consult dentists
after a palpable mass develops, which may correspond to
larger tumors. Furthermore, the retrospective nature of
this study imposes inherent limitations, including incom-
plete follow-up data and potential information bias.

TIO is a rare but clinically significant condition that un-
derscores the need for accurate diagnosis and localization
of the causative tumor. The variability in tumor location
highlights the importance of comprehensive imaging
strategies. While Ga-DOTATOC PET-CT remains a promis-
ing modality, it should be complemented by other imag-
ing techniques to ensure accurate localization.
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