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Abstract

Tumor-induced osteomalacia (TIO) is caused by a small mesenchymal tumor and characterized by hypo-
phosphatemia, phosphaturia, low levels of 1,25(0CH), vitamin D, and elevated levels of alkaline phosphatase
and fibroblast growth factor 23 (FGF-23). The typical symptoms include bone pain, pseudofracture, osteo-
porosis, and muscle weakness. These symptoms are due to the overproduction of FGF-23 as a phosphatu-
ric agent. Diagnosis of this disease is challenging because of the small lesion size and chronic symptoms.
The cases described in this report were two patients with bone pain, severe muscle weakness, and difficulty
performing activities, who were found to have TIO. The tumors were found through various imaging mo-
dalities, including computed tomography (CT), magnetic resonance imaging (MRI), and positron emission
tomography (PET). The tumors responsible for the symptoms were localized on their femurs and resection
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resulted in normalization of their blood chemistries and complaints.
tumor-induced osteomalacia (T1O); hypophosphatemia; fibroblast growth factor 23 (FGF-23);

Tumor-induced osteomalacia (TIO) was first reported
by Macane in 1947 [, and Prade later described the rela-
tionship between mesenchymal tumors and osteomalacia.
Evidence suggests that tumors overexpressing fibroblast
growth factor 23 (FGF-23) are responsible for the hypo-
phosphatemia and osteomalacia . FGF-23 is produced
by osteogenic cells, osteoblasts, and osteocytes and exerts
inhibitory activity on type Ila and IIc sodium-phosphate
(NaPiT-IIa and IIc) co-transport systems in proximal tu-
bules, promoting hyperphosphaturia, and inhibiting renal
la-hydroxylation of 25-hydroxy vitamin D 1. Overpro-
duction of FGF-23 is also associated with neurofibroma-
tosis, epidermic nevus syndrome, McCune-Albright syn-
drome (MAS), and fibrous dysplasia 3.

TIO is usually associated with benign soft tissue or
bone neoplasms of mesenchymal origin. These tumors
typically follow a benign clinical course and the local re-
currence rate is < 5% even in the rare malignant cases > 4.
Successful identification and removal of the tumor leads
to full recovery in the majority of cases.

We report two cases of TIO: one is a 54-year-old wom-

an with TIO and femoral head necrosis. PET/CT and mag-
netic resonance images (MRI) revealed a tumor on the
lateral femoral condyle; the case other is a 41-year-old
man with negative PET/CT results but with a suspicious
lesion on the femoral neck. Both patients were thorough-
ly examined and underwent tumor resection with accept-
able outcomes and current prognoses.

Case reports

Case 1

A 54-year-old woman complained of pain in her left
hip and lumbosacral region, as well as chronic bone pain,
muscle weakness, and difficulty in ambulation since
March 2012. She was admitted to a local hospital due to
acute aggravation of her symptoms. She was diagnosed
with femoral head necrosis and hypophosphatemic osteo-
malacia of unknown cause. She had undergone drilling
decompression and bone grafting for the femoral head
necrosis, but the surgery had no effect. Her symptoms
worsened gradually; she required a walker for walking
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Table 1 Laboratory data of Case 1

Laboratory value Serum phosphate Serum calcium Serum alkaline Urine phosphorus Serum FGF-23
(un) (mmol/L) phosphatase (U/L) (mmoliL) (pg/mL)

Before THA 047 | 2.16 (N) 1321 / /

After THA 0.37 ] 214 | 140 1 / /

Before resection 044 | 2.15(N) 1451 7231 1321

1 week after resection 0.86 (N) 2.25(N) 110 (N) 68.3 (N) 40 (N)

1 month after resection 1.02 (N) 2.16 (N) 107 (N) 30.2 (N) 21 (N)

4 months after resection 1.10 (N) 2.28 (N) 102 (N) 26.3 (N) 14 (N)

The low levels of serum phosphate and high levels of serum alkaline phosphatase, urine phosphorus, and serum FGF-23 did not change until complete
resection of TIO. THA: total hip arthroplasty; FGF-23: fibroblast growth factor 23; N: normal

e

Fig.1 X-ray of Case 1 showing femoral head necrosis (a), the change
of drilling decompression bone grafting (b) and osteoporosis of the spine

©)

and often took analgesic drugs. Over the next three years,
her symptoms had not improved and she ceased treat-
ment. She was referred to our hospital (Tongji Hospital,
Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, China) in 2015. The results of
cardiovascular, pulmonary, and abdominal examinations
were unremarkable. Her hip was painful during flexion,
abduction, and external rotation. She denied any family
history of metabolic bone disease or anything else.

Initial laboratory studies showed a low serum phos-
phate level (0.47 U/L), normal serum calcium level (2.16
mmol/L), and high serum alkaline phosphatase level (132
U/L; Table 1). Her parathormone level, erythrocyte sedi-
mentation rate (ESR), and rheumatoid factor levels were
also normal.

Radiography showed femoral head necrosis and os-
teoporosis of multiple bones (Fig. 1). Dual energy X-ray
absorptiometry (DXA) scans showed a region of low min-
eral density (Z-score of the lumbar spine: —2.1; Z-score of
the femoral neck: —2.5). Standard X-ray imaging showed
no bony lesions in the femur. The patient underwent to-

tal hip arthroplasty (THA) in April 2015, and her left hip
pain resolved after the operation. However, she still re-
ported pain in the lumbosacral region and was generally
weak. Laboratory testing revealed a calcium level of 2.14
mmol/L, a low serum phosphate level of 0.37 U/L, and a
high serum alkaline phosphatase level of 140 U/L. Her se-
rum FGF-23 levels were as high as 132 pg/mL (Table 1).

Unfortunately the patient did not achieve clinical re-
mission. Her serum phosphate level remained very low.
Positron emission tomography/computed tomography
(PET/CT) showed foci with abnormal radiotracer uptake
in her left lower limb (Fig. 2a and 2b). Additional inves-
tigations including magnetic resonance imaging (MRI)
showed that the lesion was located in her left distal fe-
mur; the low-density tumor was oval in shape and 1.5 cm
in diameter (Fig. 2c—2e). We suspected a close relation-
ship between the hypophosphatemia and the lesion for a
diagnosis of TIO. The high levels of FGF-23 further sup-
ported this diagnosis. The patient underwent complete
resection of the lesion. The texture of tumor was soft, and
rich in vessels (Fig. 3a). The tumor volume was 1.5 cm x
1.1 cm x 1.2 cm.

Histological examination of the lesion revealed spindle
cells intermingling with blood vessels, and scattered de-
posits of calcified extracellular matrix. A few mitoses were
observed in the multinucleated giant cells in the matrix
with capillary proliferation in the bone (Fig. 3b-3d). Im-
munohistochemical analysis of the tumor was positive for
CD34, but negative for CD68. There was no evidence of
malignancy.

One week after surgery, her serum phosphate, cal-
cium, serum alkaline phosphatase, and serum FGF-23
levels rapidly returned to 0.86 U/L, 2.25 mmol/L, 110
U/L, and 40, respectively (Table 1). After resection, the
patient’s symptoms gradually improved. She was able to
walk unassisted. One month later, her serum calcium and
phosphorus, and FGF-23 levels were within the normal
range without medical treatment. At follow-up 4 months
later, she reported to be in good rehabilitation, and her
serum biochemistry results remained normal.
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Fig. 2 (aand b) PET/CT showing foci of abnormal radiotracer uptake
in the distal femur. (c—e) X-ray, CT, and MRI showing high signal intensity
in the condyle of the femur and a small tumor (arrows)
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Fig. 4 (aandb) X-ray of Case 2 showing severe osteoporosis and spi-
nal deformity; (c-e) Further CT/MRI revealed a suspicious lesion in the
left collum femoris; the low-density tumor was circular, about 0.8 ¢cm in
diameter, and was not visible by PET/CT

Case 2

A 41-year-old man presented to our Endocrine Depart-
ment (Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, China) in
November 2015 complaining of progressive multiple joint
pain and muscle weakness. His initial symptoms began ap-
proximately two years earlier as bilateral pain in his hips,
and he reported to the primary hospital with bilateral hip

Fig. 3 (a) The tumor mainly comprised spindle cells with deeply stained
nuclei and few mitoses and scattered deposits of calcified extracellular
matrix; (b and c) Occasional scattered multinucleated giant cells were
also visible (Hematoxylin and eosin stain); (d) Immunohistochemical ex-
amination of the neoplasm showed CD34 positivity

pain and muscle weakness. Initial laboratory analysis re-
vealed a low levels of serum phosphate (0.31 U/L) and
serum calcium (2.03 mmol/L); high serum alkaline phos-
phatase level (255 U/L); normal levels of parathormone;
normal erythrocyte sedimentation rate (ESR); normal
level of human leukocyte antigen B27 (HLA-B27); and
reduced 1,25-dihydroxy vitamin D and 24-h urine phos-
phorus levels. Radiography showed osteopenia, multiple
collapsed vertebral bodies, rachiterata, multiple rib frac-
tures, and bilateral innominatum and sacrum fractures;
however, no bony lesions were visible in the left collum
femoris (Fig. 4a and 4b). Additional investigations includ-
ing CT and MRI showed that the lesion was located in the
left collum femoris and that the tumor was circular, hy-
podense, and 0.8 cm in diameter (Fig. 4c—4e). PET/CT im-
aging revealed multiple bone lesions on the ribs, vertebral
body, and the body of the ilium, but no abnormal uptake
in his left femur. He was diagnosed with ankylosing spon-
dylitis and osteoporosis, but the treatment had no effect,
and the patient’s symptoms progressively worsened. He
had no history of tumor or metabolic bone disease.

Based on these facts, we considered a diagnosis of tu-
mor-induced osteomalacia (TIO). The patient was trans-
ferred to the Orthopedics Department for surgical treat-
ment. In our department, the patient underwent open
curettage of the collum femoris lesion and graft with
bone substitutes. The texture of tumor was pliable with
osteolysis around the tumor. The tumor volume was
10 mm x 8 mm x 8 mm. Histopathological examination
revealed short spindle cells with deeply stained nuclei,
indistinct nucleoli, and eosinophilic cytoplasm in the
matrix intermingling with blood vessels. Mitoses were
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Table 2 Laboratory data of Case 2
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Laboratory value Serum phosphate Serum calcium Serum alkaline Urine phosphorus Serum FGF-23
(UnL) (mmol/L) phosphatase (U/L) (mmol/L) (pg/mL)

Before resection 0.31] 2.03 ] 2251 83] 62 1

1 week after resection 0.76 | 2.29 (N) 2121 123 ] 52 1

1 month after resection 0.97 (N) 2.26 (N) 168 1 20.2 (N) 43 (N)

2 months after resection 1.05 (N) 2.06 | 108 1 27.2(N) 25 (N)

This patient showed low levels of serum phosphate and urine phosphorus and high serum levels of alkaline phosphatase and FGF-23. FGF-23 gradually
returned to normal levels after complete tumor resection. FGF-23: fibroblast growth factor 23; N: normal

rare. Grungy extracellular calcifications were noted. Im-
munohistochemical studies of the tumor were positive for
CD68, CD163, SMA, S-100, and negative for CD31, CD34,
[B-catenin, caldesmon, desmin, and STAT6. The Ki-67 in-
dex was 3%-5%. Based on these findings, the tumor was
diagnosed as a TIO.

One week after surgery, his serum phosphate level re-
turned to 0.76 U/L and fluctuated slightly. His calcium,
serum alkaline phosphatase, and serum FGF-23 levels
were 2.29 mmol/L, 212 U/L, and 52, respectively (Table
2). After resection, the patient’s symptoms gradually im-
proved. He was discharged from the hospital with oral
phosphate supplements, alphacalcidol, and anti-osteopo-
rosis drugs. One month later, his levels of serum calcium,
phosphorus, and FGF-23 were within normal ranges. At
follow-up two months later, he had recovered well, and
his serum biochemistry values remained normal. Radiog-
raphy revealed no evidence of tumor recurrence.

Discussion

TIO is an uncommon disorder that typically presents
with bone pain, fractures, muscle weakness, and fatigue
(21, Symptoms are often non-specific and serum phospho-
rus levels are not routinely measured; therefore, delay
in diagnosis is not uncommon ), as experienced in the
two cases described in this report. The tumors are mostly
small, benign, and develop in various sites of the body.
Therefore, their identification may also be difficult >7-).
Ledford et al reported that the average time to correct
diagnosis often exceeds 2.5 years, and an average time
to identify the responsible tumor of 5 years ['%. MRI and
fluorodeoxyglucose PET (FDG-PET) are two highly sen-
sitive methods used to confirm the location of tumor, but
the findings are often nonspecific 2. TIO could origi-
nate from a variety of organs, including bone, soft tissue,
and sinonasal locations > 3. Morimoto et al reported two
cases of malignant phosphaturic mesenchymal tumor of
the pelvis, which suggests the potential for malignant
TIOs 14,

While CT/MRI/PET revealed the specific tumor posi-
tion in Case 1, these methods were not successful in Case
2; its identify was suspected by PET, which is considered

the most sensitive examination for tumors. There are two
possible reasons for this lack of findings: (1) the tumor
size was at the threshold of PET scanning; and (2) regular
PET/CT was unable to reveal the metabolic status of this
tumor.

Most TIO tumors overexpress FGF-23, a member of
the FGF family defined as humoral factors with an FGF
homology region [>-'¢. FGF-23 inhibits renal phosphate
reabsorption in the proximal tubules. Overexpression of
FGF-23 in bone suppresses osteoblast differentiation as
well as matrix mineralization, which suggested that it acts
directly on bone by reducing mineralization [ -8, FGF-
23 is the most direct serologic marker for tumor activity.
FGF-23 and phosphate levels appear to correlate with re-
currence and can be used for postoperative screening. In
adults, absence of family history along with elevated levels
of FGF-23 should raise suspicion of TIO 16717 Maria and
colleagues demonstrated that overexpression of growth
factor receptors were implicated in tumor angiogenesis
and metastatic potential [platelet derived growth factor
type A (PDGFRA), PDGFRB, and vascular endothelial
growth factor (VEGF) receptor] together with increased
expression of FGF-23, x-linked-phosphate-regulating en-
dopeptidase, and KLOTHO . Hautmann et al reported
that the prognostic value of periostin expression requires
more precise evaluation in a larger series of patients with
TIO because periostin upregulation might be an indirect
marker for a higher risk of recurrence or development of
metastasis 2. As shown by our laboratory data, FGF-23
levels are closely related to TIO and patient symptoms. Its
effects on recurrence remains under follow-up.

Due to the occult nature of TIO, several radiographic
imaging methods have been put into trial use. In addi-
tion to PET scanning and CT/MRI, recent studies have
introduced '"'In-pentetreotide scintigraphy (octreotide
scan), a technique that can detect the expression of so-
mato-statin receptors (SSTRs) 21-22. However, nonspecific
uptake may cause a false-positive result due to inflamma-
tory tissues, fractures, or other tumors that could induce
lymphocytes to express octreotide receptors. Moreover,
a negative octreotide scan cannot exclude a diagnosis of
TIO . Fukumoto demonstrated the clinical use of sys-
temic venous sampling for identification of TIO !¢. They
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collected 22 samples from the major veins of each patient
and measured FGF-23 levels and performed CT/MRI on
suspicious regions. While not perfect, this might be a
useful supplementary method for identification of small
tumors or in cases where octreotide scintigraphy is not
available.

Histologically, TIO is characterized by a highly vascu-
lar proliferation of bland, spindled to stellate cells, which
produce an unusual “smudgy” matrix ?4. Our pathology
department could not provide a definitive diagnosis of
this tumor due to its rarity and nonspecificity. However,
the observations were exactly as previously reported.

The main treatment of TIO is surgical removal of the
tumor, and its resection typically results in reversal of the
symptoms and biochemical changes * * %!, Kumar and
colleagues from the Mayo Clinic suggested that the most
appropriate treatment to be tumor resection with wide
margins to ensure complete removal *. Most case reports
indicate a rapid return of serum phosphorus concentra-
tions, elevated renal phosphorus excretion, elevated FGF
23 concentrations, and serum 1,25-dihydroxyvitamin D
concentrations to normal levels .. Thus, it is important
to measure these variables prior to surgical resection and
24 and 48 hours following resection.

Medical treatment of TIO includes phosphate supple-
ments, 1a,25-dihydroxyvitamin D (calcitriol), or 1a-hy-
droxyvitamin D (alphacalcidol). The Mayo Clinic admin-
isters 1-3 g elemental phosphorus in four to six divided
doses per day. It is advised to start with 1 g elemental
phosphorus per day and gradually increase the dose to 2-
3 g per day because phosphorus supplements often cause
gastrointestinal distress and diarrhea. Calcitriol (0.5-2 pg
per day) is often required to increase the absorption of
phosphorus in the intestine 4. Seufert er al first reported
octreotide therapy for TIO 7). It is administered subcuta-
neously at 50 pg three times daily for five days, followed
by 100 pg three times daily for eight days. Pithankuakul
et al reported that this therapy leads to normalization of
serum phosphorus levels, phosphate clearance, and the
threshold for renal tubular reabsorption of phosphate by
day 10 ©.. Both of our cases were administered alphacal-
cidol and anti-osteoporosis drugs; phosphate supplements
were administered to one case because, while the serum
phosphorus concentrations returned rapidly to normal
levels in one patient, the other patient had insufficient
phosphorus levels. Both patients have had good recovery
progress in their follow-ups until now.

The majority of TIO tumors (70%—-80%) are phospha-
turic mesenchymal tumor mixed connective tissue vari-
ants 4; however, the relationship between FGF-23 and
its pathogenesis remains unknown. The primary concern
is reducing the period from symptom onset to diagnosis.
Specific examinations are in clinical trials; until then, cli-
nicians should use as many methods as possible to iden-

73

tify suspicious lesions. Following identification of TIO,
complete resection with wide margins is required. Phos-
phate supplements and anti-osteoporosis drugs are rec-
ommended for rapid normalization of serum phosphate
and calcium levels; with proper diagnosis and treatment,
good prognoses are expected.

Conflicts of interest
The authors indicated no potential conflicts of interest.

References

1. McCance RA. Osteomalacia with Looser’s nodes (Milkman’s syn-
drome) due to a raised resistance to vitamin D acquired about the
age of 15 years. Q J Med, 1947, 16: 33-46.

2. Chong WH, Molinolo AA, Chen CC, et al. Tumor-induced osteomala-
cia. Endocr Relat Cancer, 2011, 18: R53-77.

3. de Menezes Filho H, de Castro LC, Damiani D. Hypophosphatemic
rickets and osteomalacia. Arq Bras Endocrinol Metabol, 2006, 50:
802-813.

4. Jan de Beur SM. Tumor-induced osteomalacia. JAMA, 2005, 294:
1260-1267.

5. Jonsson KB, Zahradnik R, Larsson T, et al. Fibroblast growth fac-
tor 23 in oncogenic osteomalacia and X-linked hypophosphatemia. N
Engl J Med, 2003, 348: 1656—1663.

6. Folpe AL, Fanburg-Smith JC, Billings SD, et al. Most osteomalacia-as
sociated mesenchymal tumors are a single histopathologic entity: an
analysis of 32 cases and a comprehensive review of the literature.
Am J Surg Pathol, 2004, 28: 1-30.

7. OgoseA, Hotta T, Emura |, et al. Recurrent malignant variant of phos-
phaturic mesenchymal tumor with oncogenic osteomalacia. Skeletal
Radiol, 2001, 30: 99-103.

8. Uramoto N, Furukawa M, Yoshizaki T. Malignant phosphaturic mes-
enchymal tumor, mixed connective tissue variant of the tongue. Auris
Nasus Larynx, 2009, 36: 104—105.

9. Pithankuakul K, Ratanasuwan T, Thanakit V, et al. Oncogenic os-
teo- malacia caused by phosphaturic mesenchymal tumours in the
proximal and shaft of the tibia: a case report. J Orthop Surg, 2014,
22: 257-262.

10. Ledford CK, Zelenski NA, Cardona DM, et al. The phosphaturic mes-
enchymal tumor: why is definitive diagnosis and curative surgery of-
ten delayed? Clin Orthop Relat Res, 2013, 471: 3618-3625.

11. Avila NA, Skarulis M, Rubino DM, et al. Oncogenic osteomalacia: le-
sion detection by MR skeletal survey. AIR Am J Roentgenol, 1996,
167: 343-345.

12. Nelson AE, Mason RS, Robinson BG, et al. Diagnosis of a patient
with oncogenic osteomalacia using a phosphate uptake bioassay
of serum and magnetic resonance imaging. Eur J Endocrinol, 2001,
145: 469-476.

13. Bahrami A, Weiss SW, Montgomery E, et al. RT-PCR analysis for
FGF23 using paraffin sections in the diagnosis of phosphaturic mes-
enchymal tumors with and without known tumor induced osteomala-
cia. Am J Surg Pathol, 2009, 33: 1348-1354.

14. Morimoto T, Takenaka S, Hashimoto N, et al. Malignant phosphaturic
mesenchymal tumor of the pelvis: A report of two cases. Oncol Lett,
2014, 8: 67-71.

15. ltoh N, Ornitz DM. Evolution of the Fgf and Fgfr gene families. Trends
Genet, 2004, 20: 563-569.

16. Fukumoto S. Diagnostic modalities for FGF23-producing tumors in



74

20.

21.

22.

patients with tumor-induced osteomalacia. Endocrinol Metab (Seoul),
2014, 29: 136-143.

. Econs MJ, Drezner MK. Tumor-induced osteomalacia — unveiling a

new hormone. N Engl J Med, 1994, 330: 1679-1681.

. Weidner N, Santa Cruz D. Phosphaturic mesenchymal tumors. A

polymorphous group causing osteomalacia or rickets. Cancer, 1987,
59: 1442-1454.

. Yavropoulou MP, Gerothanasi N, Frydas A, et al. Tumor-induced os-

teomalacia due to a recurrent mesenchymal tumor overexpressing
several growth factor receptors. Endocrinol Diabetes Metab Case
Rep, 2015: 150025. Epub 2015 May 27.

Hautmann AH, Schroeder J, Wild P, et al. Tumor-induced osteomala-
cia: increased level of FGF-23 in a patient with a phosphaturic mes-
enchymal tumor at the tibia expressing periostin. Case Rep Endocri-
nol, 2014: 729387. Epub 2014 Aug 24.

Palot Manzil FF, Bhambhvani PG, O'Malley JP. Evaluation of tumor-
induced osteomalacia with "'In-pentetrectide scintigraphy. J Nucl
Med Technol, 2013, 41: 299-301.

Nguyen BD, Wang EA. Indium-111 pentetreotide scintigraphy of mes-
enchymal tumor with oncogenic osteomalacia. Clin Nucl Med, 1999,

23.

24.

25.

26.

27.

http://otm.tjh.com.cn

24:130-131.

Meng T, Zhou W, Li B, et al. En bloc resection for treatment of tumor-
induced osteomalacia: a case presentation and a systematic review.
World J Surg Oncol, 2015, 13: 176.

Kumar R, Folpe AL, Mullan BP. Tumor-induced osteomalacia. Transl
Endocrinol Metab, 2015, 7: pii: 1871.

Mathis DA, Stehel EJ Jr, Beshay JE, et al. Intracranial phosphatu-
ric mesenchymal tumors: report of 2 cases. J Neurosurg, 2013, 118:
903-907.

Sun ZJ, Jin J, Qiu GX, et al. Surgical treatment of tumor-induced os-
teomalacia: a retrospective review of 40 cases with extremity tumors.
BMC Musculoskelet Disord, 2015, 16: 43.

Seufert J, Ebert K, Mller J, et al. Octreotide therapy for tumor-in-
duced osteomalacia. N Engl J Med, 2001, 345: 1883-1888.

DOI 10.1007/s10330-016-0137-9

Cite this article as: Cai Z, Meng Q, Guan HF, et al. Tumor-induced
losteomalacia originating from bones: a report of two cases and literature
review. Oncol Transl Med, 2016, 2: 69-74.




