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Abstract

Background: Tumor-induced osteomalacia (TIO) is a rare paraneoplastic syndrome characterized by severe
hypophosphatemia and osteomalacia. Nonspecific symptoms make the diagnosis elusive. In addition, locating
the responsible tumor(s) is challenging. The aim of this study was to investigate the clinical management and
outcomes of TIO.

Methods: The clinical features, diagnostic procedures, treatment, and outcomes of 12 patients were reviewed
retrospectively.

Results: The cohort comprised six men and six women (mean age 45.5 + 9.9 years, range 23-61 years). The mean duration
of disease was 3.7 + 2.6 years. All patients manifested progressive bone pain, muscle weakness, and/or difficulty walking.
Serum phosphorus concentrations were low in all patients (mean 042 + 0.12 mmol/L). Technetium-99m octreotide
scintigraphy was performed in 11 patients and showed lesions in the right distal femur, left femoral head, and right tibial
plateau, respectively, in three patients. Magnetic resonance imaging (MRI) was negative for lesions in one patient. Two
patients underwent biopsies that showed negative histopathology. Two patients, at 2 years and 8 months, respectively, after
having negative technetium-99m octreotide studies, underwent '®F—fluorodeoxyglucose positron emission tomography/
computed tomography (CT), which revealed lesions in the sacrum and soft tissue of the left palm, respectively. One tumor
was detected by CT and MRI. Overall, lesion sites were the head (two patients, 16.7%), thoracic and lumbar region (two,
16.7%), pelvis (three, 25%), lower limbs (four, 33.3%), and upper limbs (one, 8.3%). All patients underwent surgery, and
histopathology showed phosphaturic mesenchymal tumors in each. Postoperatively, serum phosphorus concentrations
normalized within 2—7 days in 11 patients. With follow-ups of 1-41 months, surgery was effective in 10 patients. One patient
developed local recurrence and another had metastases.

Conclusions: Locating tumors responsible for tumor-induced osteomalacia is often challenging. Although complete tumor
resection confers a good prognosis in most patients, surveillance for recurrence and metastasis is necessary. Before surgery
or when surgery is not indicated, oral phosphate can alleviate symptoms and metabolic imbalance.
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Background

Tumor-induced osteomalacia (TIO) is a rare paraneo-
plastic syndrome characterized by severe hypophospha-
temia and osteomalacia related to abnormal tumor
production of fibroblast growth factor 23 (FGF23) [1, 2].
Most of the tumors are phosphaturic mesenchymal tu-
mors (PMTs), which are small and difficult to detect.
Nonspecific symptoms, including fatigue, bone pain, and
musculoskeletal weakness, make the diagnosis elusive,
often leading to delays in treatment [3, 4]. Moreover,
locating the responsible tumors can be challenging. In
China, the detection rate for TIO is still low, and
misdiagnoses or missed diagnoses occur frequently. We
describe 12 patients with TIO and histologically similar
tumors that presented in various anatomical locations
and were difficult to diagnose, some of which recurred.

Methods

Patients

A retrospective review of 12 consecutive patients with
TIO hospitalized from February 2013 to June 2016 in
Beijing Jishuitan Hospital, Beijing, China was performed.
All patients presented with symptoms of osteomalacia,
including bone pain, fatigue, and fracture. All had typical
biochemical features of hypophosphatemia and high al-
kaline phosphatase (ALP) concentrations. This study
was approved by Beijing Jishuitan Hospital Institutional
Review Board, and written informed consent was ob-
tained from all participants in the study.

Biochemical parameters

The patients’ medical records were retrospectively
reviewed. Relevant biochemical variables, including
serum ALP, calcium, phosphorus, 25-hydroxyvitamin D
[25-(OH) D3] and parathyroid hormone (PTH), were
extracted and recorded. In patient 11, the serum FGF23
C-terminal fragment concentration was measured using
an enzyme-linked immunosorbent assay (Immtopics,
San Clemente, CA, USA). Spot urine samples had been
collected to assess tubular reabsorption of phosphorus:

1 - (urine phosphorus concentration x serum creatin-
ine concentration) + (plasma phosphorus concentration
x urine creatinine concentration).

The tubular maximum reabsorption of the phosphate/
glomerular filtration rate (TMP/GFR) ratio was calcu-
lated using the Walton—Bijvoet nomogram [5].

After performing a thorough physical examination, vari-
ous methods were used to detect the causative tumors, in-
cluding somatostatin receptor-based functional imaging
[e.g., technetium-99m octreotide (**™Tc-OCT) scintig-
raphy] and '®F—fluorodeoxyglucose positron emission
tomography/computed tomography (‘*fF—FDG-PET/CT).
Anatomical imaging methods [e.g, magnetic resonance
imaging (MRI), CT, ultrasonography] were carried out to
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locate the responsible tumors. All patients with identified
bone and/or soft tissue tumors were treated surgically.

Successful treatment was defined as alleviation of
symptoms and normalization of serum phosphorus con-
centrations. Postoperative follow-up included symptom
assessment, serum phosphorus levels, and assessment
for tumor relapse.

Statistical analysis

Data were analyzed using statistical software SPSS ver-
sion 16.0 (SPSS, Chicago, IL, USA). Normally distributed
variables are expressed as means + standard deviation
(SD) and values with skew distribution as medians
(range). Paired t-tests were performed to compare
changes in serum phosphorus concentrations before and
after phosphate supplementation. Differences were con-
sidered significant when p < 0.05.

Results

Baseline characteristics

The cohort comprised six women and six men (mean age
45.5 + 9.9 years, range 23—61 years at the time of diagno-
sis). The mean duration of bone pain before diagnosis was
3.7 £ 2.6 years (range 0.5-10 years) (Table 1). Nine of the
patients reported shortened stature of 4.3 + 2.7 cm (range
2—12 cm) after the onset of bone pain.

Symptoms included proximal muscle weakness (100%),
general debility (100%), and progressive bone pain (100%)
involving the dorsal mid-thorax, lower anterior chest wall,
bilateral flanks, and sacroiliac joint and ankle bone areas
in the absence of antecedent trauma. Fifty percent of pa-
tients had at least one pathological fracture caused by
osteomalacia (including vertebral body, rib, and pelvic
fractures). Patients 1, 2, 4, 5, 8, 9, 10, and 12 had difficulty
walking at the time of referral to our hospital.

Prior to referral, 11 (91.7%) patients had been misdiag-
nosed as having rheumatoid arthritis, ankylosing
spondylitis, spondylolisthesis, osteoporosis, or sacroiliitis.
Patient 12 had been diagnosed as having depression.
Patient 5 had presented to the primary hospital with
progressive bone pain in the low back and hip, difficulty
walking, muscle weakness, and epistaxis. He underwent
whole-body MRI, head CT, arthroscopy, bone marrow
biopsy, and PET/CT, resulting in provisional diagnoses of
maxillary sinusitis and myeloma (Fig. 1). Patient 10 had
had multiple fractures for 6 months when she presented
to our hospital. Patient 10 was found on physical examin-
ation to have a mass in the mons pubis (Fig. 1). Physical
examination also confirmed a mass that had been growing
slowly in the left palm of patient 9 for 7 years (Fig. 2a).

Laboratory findings
Relevant laboratory findings were as follows. Serum phos-
phorus concentrations were low in all 12 patients (mean
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Fig. 1 Magnetic resonance imaging (MRI) and computed tomography (CT) of causative tumors. (a) Patient 5. Cranial MRI showed a soft mass
(arrow) in the left nasal cavity and ethmoid, frontal, and maxillary sinuses. (b) Patient 2. MRI showed a tumor (arrow) in the sacral canal. (c) Patient
4. MRI showed a tumor (arrow) in the soft tissue of the left thigh. (d) Patient 10. CT showed a neoplasm (arrow) in the mons pubis. (e) Patient 3.
CT showed a mass (arrow) in the right ilium. (f) Patient 12. CT showed a tumor (arrow) in the left fifth rib

042 + 0.12 mmol/L; normal range 0.84—1.65 mmol/L),
whereas serum calcium concentrations were normal in
five patients and slightly decreased in seven (mean
2.20 £ 0.19 mmol/L; normal range 2.20-2.65 mmol/L);
serum ALP 180.5 + 112.3 U/L (normal range 40-150 U/L);
serum PTH 71.1 + 31.8 pg/mL (normal range 15.0-
65.0 pg/mL); 25-(OH)D; 14.04 + 5.64 ng/mL (normal
range 20.00-40.00 ng/mL); 24-h urine phosphorus
21.21 + 12.40 mmol (normal range 9.70-43.40 mmol)

(Table 1); and TMP/GFR 0.31 + 0.12 mmol/L (n = 9,
normal range 0.80-1.35 mmol/L). For patient 11, the
serum FGF23 concentration was increased both before
and after the last surgery: 2007.85 and 1795.35 RU/ml,
respectively (normal range < 180 RU/ml).

Identification of locations of tumors
CT revealed a tumor in one patient (patient 3), who had
presented to the primary hospital with hematuria. MRI

in the tumor

Fig. 2 Patient 9. (a) A tumor was visible and palpable in the soft tissue of the left palm (arrow). (b) "8F-FDG PET/CT showed high "8F-FDG uptake
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was used to further characterize a lesion on the iliac side
of the right hip joint.

9MTc_OCT scans were performed in 11 patients (pa-
tient 1 had two examinations, the second because of
recurrence) (Table 1), which revealed tumors in 9 of
them (Fig. 3a). The scans were negative in the remaining
two patients (nos. 2 and 9). Tumors were identified by
"8F_FDG PET/CT in the sacrum and soft tissue of the
left palm (Fig. 2b) of these patients after 2 years and
8 months, respectively.

Lesions were located by **™Tc-OCT scintigraphy in the
right distal femur, left femoral head, and right tibial plat-
eau in patients 7, 8, and 12, respectively. MRI had failed to
identify a tumor in patient 8, and biopsy specimens
obtained from patients 7 and 12 had been negative for
tumor cells. Subsequently, PET/CT identified the tumors
in different locations. Other forms of anatomical imaging
(e.g., MRI, CT, ultrasonography) were used to verify their
locations (Fig. 1). There were no obvious clinical differ-
ences between patients whose tumors were identified by
99MTe-OCT scintigraphy versus '*F~FDG PET. In patient
11, ®™Tc-OCT showed multiple tumors in the soft tissue
of the right inner thigh and left proximal crus.

The final sites of the lesions were the head (two
patients, 16.7%), thoracic and lumbar region (two, 16.7%),
pelvis (three, 25%), lower limbs (four, 33.3%), and upper
limbs (one, 8.3%) (Table 1). In this cohort, **™Tc-OCT
scintigraphy detected tumors accurately in 7 of 12
patients (58.3%).

Treatment
Before surgery, phosphate supplements, calcium carbon-
ate, and active vitamin D (calcitriol or a-calcitriol) were
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administered to all patients except nos. 3 and 12. Al-
though all patients remained hypophosphatemic, serum
phosphorus concentrations were significantly higher in
those who were given the supplements (0.38 + 0.08 vs.
0.62 + 0.07 mmol/L, p < 0.001), and their symptoms
progressively diminished. Patients 2 and 9 were treated
with a regimen of phosphate (1.2 g/day) and calcitriol
(0.5 ug/day) for 2 years and 8 months, respectively. They
each gradually became capable of walking on crutches
instead of being bedridden.

All 12 patients underwent tumor resection, after which
the serum phosphorus concentrations normalized in 11
of them, the exception being patient 11. The median
time to normalization of the phosphorus concentration
was 3 days (range 2-7 days) (Table 1, Fig. 3b). The
TMP/GER increased to within the normal range in
patient 1 (1.16 mmol/L, after secondary surgery) and
patient 10 (1.10 mmol/L).

Histopathology

Twelve patients were confirmed to have TIO by path-
ology examination of the resected specimens. All 12
tumors were PMTs. Their dominating components were
spindle/stellate mesenchymal cells with mild atypia
(Fig. 4) that produced unusual grungy or flocculent cal-
cification (Additional file 1: Figure Sla). These tumors
often had a distinctive myxoid/myxochondroid matrix
(Additional file 1: Figure S1b) with highly irregular blood
vessels embedded in it. In some instances, the spindle
cells surrounded “staghorn” vessels in a pericytoma-like
pattern (Additional file 1: Figure Slc). There was no
necrosis.
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Fig. 3 Patient 10. (a) ™ Tc-OCT showed strong expression of somatostatin receptors in the patient’s right mons pubis (arrow). (b) Recovery of
serum phosphorus and alkaline phosphatase (ALP) in patient 10. The time of surgery is represented by the dashed line. Normal range of serum
phosphorus was 0.84-1.65 mmol/L. Normal range of serum ALP was 40-150 U/L.
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Fig. 4 Patient 11. Histological features of a phosphaturic mesenchymal
tumor (PMT). Spindle mesenchymal cells are mildly atypical, with low
mitotic activity and irregular vessels (H&E, original magnification x20)

Follow-up

The mean follow-up was 22.4 + 13.6 months (range 1—
41 months). Bone pain and muscle weakness diminished
within 3—6 months postoperatively in all patients except
no. 11. Patient 1 had a local recurrence 34 months after
the first surgery.

Tumor relapse

Patient 1 underwent tumor resection twice. After the
first surgery, her serum phosphorus level normalized
within 1 week. However, 34 months later, she again de-
veloped lumbar and thigh pain and was found to have a
low serum phosphorus level with normal calcium
concentrations, high serum ALP, low 25-(OH)Dj3, and
urinary phosphate loss. **™Tc-OCT and PET/CT indi-
cated local recurrence in the original location. She again
underwent resection. Her serum phosphorus increased
to 1.45 mmol/L within 3 days of the surgery. The
pathological features of PMT were found, suggesting
TIO recurrence.

Patient 11, a 40-year-old man, underwent five surger-
ies over 10 years. He initially presented with generalized
muscle pain at the age of 30 years. Eight years ago, he
developed additional pain in the hip and thigh muscles.
Laboratory testing showed a low serum phosphorus level
(0.13 mmol/L). Plain radiography revealed pseudofrac-
tures. **™Tc-OCT showed a mass in the fifth metatarsus
of the left foot, for which he underwent surgery. Then,
6 years ago, ~°"Tc-OCT demonstrated a neoplasm in
the soft tissue behind the fifth and fourth metatarsals of
the left foot and repeat surgery was performed. Two
years later, a tumor was found in soft tissue adjacent to
the proximal right femur, for which a third excision was
performed, alleviating his symptoms. The tumor was
pathologically identified as PMT. Two years ago, another
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tumor was found in soft tissue adjacent to the left
proximal tibia and fibula. After this fourth excision,
however, his symptoms failed to lessen. He underwent
further evaluation, during which **™Tc-OCT, MRI, and
ultrasonography revealed lesions in soft tissue adjacent
to the left proximal tibia and fibula and the left popliteal
fossa as well as multiple neoplasms in the right adductor
magnus. Despite resection of one of the tumors in the
adductor magnus, his symptoms and hypophosphatemia
persisted.

Discussion

TIO, also known as oncogenic osteomalacia, is an un-
common cause of osteomalacia. This rare paraneoplastic
syndrome is characterized by acquired hypophosphate-
mic osteomalacia caused by a deficit in renal tubular
phosphate reabsorption in which FGF23 seems to be im-
plicated [6]. Since the first report by Prader et al. in
1959 [7], TIO has been increasingly reported worldwide
[4, 8]. This condition is usually associated with PMT of
mixed connective tissue located in bone or soft tissue.
The main biochemical manifestations of this disorder in-
clude hypophosphatemia, inappropriately low or normal
tubular resorption of phosphate, low serum calcitriol
concentrations, high serum alkaline phosphatase, and
high or normal serum FGF-23 concentrations [9] .

The clinical manifestations of TIO include fatigue,
muscle weakness, bone pain, and spontaneous fractures
in the absence of a family history of renal phosphate
wasting and/or bone disorders. Disease progress can be
slow and insidious, with the correct diagnosis often de-
layed for years. Among our 12 patients, 11 were initially
misdiagnosed as having a rheumatological, endocrine, or
neurological disorder because the manifestations were so
vague. Without intervention, patients become progres-
sively debilitated, experience a markedly decreased
quality of life, and are at risk of life-threatening compli-
cations [10].

In the present study, all 12 patients initially had adult-
onset osteomalacia (average age 45.5 + 9.9 years). The
sex distribution was balanced (six men, six women). The
patients’ presenting symptoms were often common and
nonspecific. Progressive bone pain and muscle weakness
can be incorrectly attributed to many diseases, including
rheumatoid arthritis, ankylosing spondylitis, spondylo-
listhesis, and osteoporosis. Patient 5 was referred to the
primary hospital because of progressive bone pain,
difficulty walking, muscle weakness, and epistaxis. Find-
ings on whole-body MRI, head CT, arthroscopy, bone
marrow biopsy, and PET/CT resulted in the provisional
diagnoses of sinusitis and myeloma. Hypophosphatemia
and renal wasting of phosphorus, which can be identi-
fied by calculating the TMP/GER, are often the first
findings to suggest the possibility of TIO. Hence, we
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suggest that, once TIO is suspected, conventional bio-
chemical tests, including serum phosphorus, calcium,
and ALP levels, should be performed. A high serum
FGF23 concentration is suggestive of TIO.

One of the most challenging aspects of managing pa-
tients with TIO is identifying the causative tumor, which
is often delayed because of the occult nature of TIO
[11]. The tumors are characteristically small (usually
1-4 cm) and may occur in unusual sites. Frequent loca-
tions are the lower limbs, head, upper limbs, thorax,
abdomen, and pelvis. Patients 2’s tumor was in the sacral
canal, which is exceptionally rare.

Although PMT is regarded as benign, the lengthy
interval from the onset of symptoms to diagnosis and its
potential for recurrence may be associated with consid-
erable morbidity [12]. When oncogenic osteomalacia is
suspected, it is important to search carefully for tumor
foci with **™Tc-OCT scintigraphy because these tumors
often remain undetected by conventional tests [13].
9MTe-OCT scintigraphy is used mainly to detect areas
of active osteomalacia rather than to locate the tumor(s)
[14, 15]. In our cohort, *™Tc-OCT was used in attempts
to diagnose and locate the tumors in 11 of 12 patients.
In two patients, the tumors were uptake-negative. They
were ultimately identified by '*F-FDG PET/CT, which
was the primary diagnostic imaging modality in eight pa-
tients. In our study, the accuracy rate of **™Tc-OCT was
58.3%, which is similar to that reported by Yu et al
(60%) [8]. Possible explanations for the initial failure to
identify tumors in five patients include the tumors’ elu-
sive nature and the fact that different tumors have differ-
ent degrees of expression of somatostatin receptor
subtypes and different affinities for somatostatin analogs.
Because lymphocytes can express octreotide receptors,
nonspecific uptake attributable to inflammatory tissues,
fractures, or other tumors may cause false-positive
results. Negative or false-positive **™Tc-OCT scans ne-
cessitate further investigation using PET/CT [16, 17].
Jadhav et al. reported that “®Ga-DOTA-TATE PET/CT
may be more sensitive than '*F~FDG PET/CT because
of its high affinity for somatostatin receptors [18]. ®*Ga-
DOTA-TATE studies were not performed on our
patients because we lacked the required equipment.

Despite the superiority of the functional imaging
already mentioned, our findings emphasize the diagnos-
tic value of thorough physical examinations, which
helped us detect the causative tumors in the two
patients who had palpable and visible lesions. The oral
and nasal cavities and the extremities should be given
special attention. In fact, 3 of the 12 tumors (25%)
(patients 5, 7, 9) identified in our study were in one of
these locations.

One of our patients presented to the primary hospital
with hematuria in the absence of bone pain or difficulty

Page 7 of 9

walking. This patient had hypophosphatemia, and the
pathological diagnosis was PMT. Radiological examin-
ation, however, failed to reveal the tumor on the iliac
side of the right hip joint that was later detected by
MRI. This combination of findings suggests that prompt
diagnosis and treatment of TIO could minimize bone
damage.

Definitive treatment of TIO is surgical resection [19, 20].
All 12 patients underwent surgery, which led to resolution
of symptoms in all patients and normalization of laboratory
values in 11 of them. A key point is that total resection of
the tumor is essential. The local recurrence in patient 1 in-
dicated that the causative tumor had not been completely
removed at the first operation. In our patients, serum
phosphorus concentrations increased to normal within 2—
7 days of the surgery and resolution of generalized bone
and muscle pain with 3-6 months, confirming the
appropriateness of the surgery.

Patients with hypophosphatemic osteomalacia of
unidentified cause or whose tumors have not yet been
detected should be treated with phosphorus supplemen-
tation and calcitriol because the causative tumors may
remain undetectable for a long time. Medical therapy,
however, is not effective in the long term. Therefore,
such patients should be monitored for potential compli-
cations (i.e., hyperparathyroidism, hypercalcemia, kidney
stone formation) [21].

Pathology examination of our patients’ resected tu-
mors indicated that they were PMTs and benign,
consistent with previously reports [21, 22]. One patient
(no. 11), however, developed a mass in the first lumbar
vertebra 3 years after the initial surgery. Serum phos-
phorus concentrations increased to normal after a sec-
ond resection, and his bone pain resolved within
2 months. Sun et al. [19] reported that complete
resection of soft tissue tumors is generally straightfor-
ward because they usually have clear boundaries and are
well encapsulated. Patient 11 had numerous soft tissue
tumors in different locations over a 10-year period. After
the third operation, his symptoms and hypophosphate-
mia resolved. The fourth operation was ineffective,
however, as only one of multiple soft tissue tumors
situated in the right inner thigh, left proximal crus, and
popliteal space was resected. After this procedure, his
serum phosphorus concentration did not return to nor-
mal, and the FGF23 concentration remained dramatic-
ally high. This clinical course suggests malignancy.

TIO remained undiagnosed for several years in our
patients. Careful metabolic evaluation and extensive in-
vestigations eventually led to the correct diagnoses and
cure of the TIO by excising the offending tumors. We
emphasize considering TIO early in the differential diag-
nosis of unexplained persistent bone pain, apparent joint
pain, muscle weakness, and spontaneous fractures. We
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recommend the following investigations on initial
presentation of patients with suspected TIO: serum
phosphorus, 24-h urinary phosphorus, serum calcium,
vitamin D, and FGF23 levels and either *™Tc-OCT
scintigraphy or PET/CT.

Definitive treatment is early, complete resection. The
prognosis of PMT is generally good, although this series
illustrates the pitfalls of delayed definitive resection. The
FGF-23 level is useful for the diagnosis and may also
prove to be beneficial for long-term monitoring of these
patients.

The prognosis of patients with osteogenic osteomal-
acia is excellent in most cases, reflecting the generally
benign nature of the disease. Nonetheless, two of our
patients had recurrent or metastatic disease. Hence,
vigilant postoperative follow-up is necessary.

The present series does have several limitations. The
lack of FGF23 and 1,25-dihydroxyvitamin D assessments
hindered the early diagnosis of TIO. In our future
studies, FGF23 will be assessed in all patients suspected
of having TIO.

Conclusions

TIO is uncommon, and identification of the responsible
tumor(s) is often challenging. Although complete tumor
resection achieves a good prognosis in most cases, these
patients should be monitored for recurrence and metas-
tasis. Preoperatively or if surgery cannot be performed,
oral medication with phosphate can alleviate symptoms
and the metabolic imbalance.

Additional file

Additional file 1: Figure S1. Histological features of a PMT in patient
10. (a) Grungy or flocculent calcification produced by spindle cells. (b)
Myxoid/myxochondroid matrix. (c) Spindle cells surround the “staghorn”
vessels in a pericytoma-like pattern (H&E, original magnification x20).
(BMP 3072 kb)
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