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Abstract

Background: Tumor-induced osteomalacia is an uncommon paraneoplastic syndrome caused by Fibroblast growth
factor-23-secreting tumors. It is characterized by phosphaturia, hypophosphatemia, and a high plasma level of
alkaline phosphatase.

Case presentation: We report a young patient with psoriasis who had suffered from bone pain and muscle
weakness for more than 6.5 years. He was finally diagnosed with tumor-induced osteomalacia. However, mistakenly
attributing the patient’s signs and symptoms to psoriatic arthritis for a long time had resulted in multiple
complications for the patient. Finally, the tumor was localized and surgically resected. This resulted in clinical
improvements and the resolution of all biochemical abnormalities.

Conclusion: To our knowledge, this is the second case of tumor-induced osteomalacia accompanied by psoriasis.
There is growing evidence to suggest that Fibroblast growth factor-23 has a role in regulating immune function
while an increased level of it may play a role in the pathogenesis of psoriasis. As a result, tumor-induced
osteomalacia may affect the psoriasis clinical course by secreting a high amount of Fibroblast growth factor-23. On
the other hand, several studies have showed an increased risk of malignancy among patients with psoriasis.
Consequently, long-term psoriasis may predispose patients to Fibroblast growth factor-23-secreting tumors. Finally,
as psoriasis is a common disease, this presentation may simply be a coincidence.
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Background
Tumor-induced osteomalacia (TIO) is an uncommon
paraneoplastic syndrome caused by Fibroblast Growth
Factor-23 (FGF-23)-secreting tumors. It is characterized
by hypophosphatemia, phosphaturia, increased level of
alkaline phosphatase (ALP), low or normal 1, 25-
dihydroxyvitamin D, normal serum calcium, and normal
parathyroid hormone (PTH) level [1]. The disease
usually presents itself with multiple bone fractures,
chronic bone pain and muscle weakness. The diagnosis
frequently is missed for many years, leading to several
complications in patients [2, 3].
Psoriasis is a chronic autoimmune disease affecting

about 2%–3% of the general population [4]. The main
manifestation of psoriasis is skin involvement and

Plaque-type psoriasis is the most common form.
However, inflammatory processes can occur elsewhere
and now it is considered as a multisystem chronic in-
flammatory disorder [4, 5]. The precise psoriasis etiology
is not defined; however, several factors including genetic,
environmental, hormonal, and immunologic issues
contribute to its pathogenesis [4].
We report a young patient with psoriasis who had

suffered from bone pain and muscle weakness for more
than 6.5 years, and had become bedridden due to
multiple fragility fractures. He was unsuccessfully treated
for psoriatic arthritis for several years and was finally
diagnosed with TIO.

Case presentation
A 26 year-old man was referred to our center (Endoc-
rinology ward, Shariati hospital, Tehran, Iran) because of
multiple fragility fractures that had occurred to him
within eight months before admission.
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He had been treated with topical treatments for
plaque-type psoriasis since he was 10. He was hospital-
ized 6.5 years ago in a rheumatologic ward due to
muscle weakness, bone pain, low back pain, bilateral hip
pain, and generalized psoriatic skin lesions. His workup
at that time, including plain radiographs and magnetic
resonance imaging (MRI), showed generalized skeletal
demineralization without any fracture, as well as bilateral
hip and sacroiliac joints signal change in favor of pos-
sible psoriatic arthritis. In addition, his laboratory tests
revealed hypophosphatemia, high ALP and phosphaturia
(Table 1). Due to generalized psoriasis skin lesions,
which was uncontrolled by topical treatment, and prob-
able psoriasis arthritis, a systemic therapy was initiated.
The patient was discharged with the diagnosis of
probable hypophosphatemic osteomalacia combined
with psoriatic arthritis without a further evaluation for

the cause of hypophosphatemia. He was prescribed to
take methotrexate 15 mg weekly, sulfasalazine 1 g twice
a day, folic acid 5 mg daily, prednisolone 5 mg daily,
Indomethacin 100 mg daily, phosphate 500 mg twice a
day, calcium carbonate 500 mg twice a day, and vitamin
D 50000 international units (IU) weekly.
His symptoms, however, progressively worsened

despite the treatment. After a year, he could barely walk
without a cane, and later he had to use a walker and
eventually became bedridden eight months before ad-
mission to our center. During these years, he had several
visits to rheumatology clinics, but only his psoriatic
arthritis medications and phosphate dose were changed.
He was referred to our center due to osteomalacia,
multiple bone fractures, and hypophosphatemia.
At the time of admission, the patient was bedridden

and suffering from generalized bone pain. He estimated

Table 1 Patient’s laboratory data

24-h urine collection

Laboratory data Mg
mg/dl

Ca
mg/dl

P
mg/dl

PTH
pg/ml

25(OH)
vit D

ALP
IU/L

Cr
mg/dl

FGF-23
kRU/L
(26–110)

ESR
mm/h

CRP
mg/L

Ca
mg/24 h

P
mg/24 h

Cr
mg/24 h

Ca
mg/24 h

First admission
(January 2010)

2.2 9.5 1.5 16 12.3
ng/ml

553 0.6 7 1 95 616 1050 95

second admission
(July 2015)

1.7 9.5 1 22 106
nmol/L

744 0.7 458 5 4 193 378 990 193

Post operation
(without phosphate
supplementation)

9.1 4.9 345 0.85

kRU/L kilo-Relative Units per liter, ESR erythrocyte sedimentation rate, CRP C-reactive protein

Fig. 1 X-Ray radiographs showing severe osteomalacia and multiple fractures. a Right radial head and right ulnar shaft fracture; b Left mid ulnar
shaft fracture; c Right humerus anatomical neck fracture and Distal clavicular resorption
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a 20-cm loss in his height. He had no other medical
problems, was not a smoker, not a drinker, and had no
relevant family history. He was taking methotrexate
17.5 mg weekly, folic acid 5 mg daily, phosphate 500 mg
twice a day, calcium carbonate 500 mg twice a day and
calcitriol 0.5 mg daily. The physical examination showed
a decrease in both upper and lower limbs muscle force,
multiple tender points due to fractures, kyphoscoliosis,
and skin hyperpigmentation due to previous psoriatic
skin lesions but with no active lesion. Joints examination
did not show any sign of inflammation. Radiography
studies showed osteomalacia, looser zones, and multiple
fractures in ribs, neck of the humerus of both sides, both
ulnas, the right radius, the proximal femur of both sides,

and the left first metacarpal bone (Figs. 1 and 2a). A se-
vere scoliosis and a biconcave appearance of multiple
vertebral bodies without any obvious fracture were also
noted. The sacroiliac and hip joints MRI did not show
any evidence of inflammatory arthritis. Laboratory data
showed isolated hypophosphatemia (Table 1) along with
very high urine fractional excretion of phosphate
(26.73%). The renal phosphate threshold normalized for
the glomerular filtration rate was 0.73 mg per 100 ml (ml)
(age- and gender- specific normal range: 3.09–4.18 mg per
100 ml [2]). Due to these evidences, we suspected an
FGF-23-related hypophosphatemia and checked it, which
was too high (Table 1). In the absence of any related

Fig. 2 T1 weighted MRI: a Femoral neck and subtrochanteric
fractures on both sides (arrow heads), and bilateral coxa vara
deformities; b A mass-like lesion in medial aspect of the left distal
femur metaphysis (arrow)

Fig. 3 18F–FDG PET: a hypermetabolic lesion in medial aspect of
the left distal femur (arrow)
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family history and the presentation of disease in adult-
hood, acquired causes of FGF-23-mediated osteomalacia,
particularly TIO, were suspected.
To localize the tumor, a whole body MRI was

performed, which revealed a mass-like lesion in the
proximal metaphysis of the left tibia and the distal meta-
physis of the left femur (Fig. 2b). The 18F–fluorodeoxy-
glucose positron emission tomography (FDG-PET) scan
showed a hypermetabolic lesion (maximum standardized
uptake value = 21.28) in the medial aspect of the left
distal femur (Fig. 3). The Knee CT scan revealed a
28*26*24 mm lobulated lytic mass in the posteromedial
aspect of the left distal femoral metaphysis with a
cortical disruption and an extra osseous soft tissue for-
mation (Fig. 4). Then an incisional biopsy of both lesions
was performed.
The histological examination of the distal femur lesion

demonstrated a hypocellular neoplastic tissue composed
of bland–looking spindle cells with small nuclei and in-
distinctive nucleoli. The tumor consisted of many small
and a few large vessels without a staghorn feature. Some
osteoclasts, like giant cells and many fibrohistiocytic cel-
lular nests with hemorrhagic stroma and hemosiderin-
laden macrophages were seen. Areas of matrix calcifica-
tion and fat tissue were also noticed within the tumor.
No atypia or mitotic figure was identified (Fig. 5). The
immunohistochemistry (IHC) study was positive for
vimentin in all cells and the cluster of differentiation
(CD) 68 in some of them. IHC studies for S100, Epithe-
lial membrane antigen (EMA), CD34, CD31, pan
Cytokeratin (PCK) and Factor VIII-Related Antigen was
negative and thus compatible with a phosphaturic
mesenchymal tumor. The histological examination of
the proximal tibia lesion showed only fragmented bone
trabeculae with no malignancy.

Due to the presence of a severe hypophosphatemia,
osteomalacia, and with respect to a high likelihood of
fractures during surgery, the surgical resection of the
tumor was postponed for two months, during which he
was treated with phosphate 4 g daily in divided doses plus
calcitriol 3 mg daily. Then the tumor was completely
resected and a total knee arthroplasty was performed. The
permanent pathology confirmed the findings of the
incisional biopsy results. The phosphate supplementation
was gradually tapered and discontinued, however, the
serum phosphate increased to a normal range (Table 1).
After considering the rheumatology and dermatology
consultation, the dose of methotrexate was reduced to
7.5 mg per week. However, his psoriasis skin lesions
remained in remission after the dose reduction.
In his follow up, muscle weakness and bone pain

gradually improved and his fractures were managed by
orthopedic service. After 6 months, he could ambulate
with bilateral axillary crutches. Now the patient is
scheduled for bilateral total hip replacement surgery.

Discussion
FGF-23-secreting tumors usually originate from
mesenchymal tissues [6]. About 70–80% of these
tumors are phosphaturic mesenchymal tumors; mixed
connective tissue variants and less common types are
hemangiopericytoma, osteosarcoma, giant cell tumors
etc. [7]. The tumors are usually small with a slow
growth rate.
TIO is usually missed for many years due to the occult

nature of the disease, its non-specific presentations, and
the serum phosphate level being unchecked in early
routine tests [2, 3]. In addition, non-specific signs and
symptoms mislead physicians into more common dis-
eases, especially rheumatologic ones such as rheumatoid

Fig. 4 Knee CT scan: a 28*26*24 mm lobulated lytic mass in posteromedial aspect of the left distal femoral metaphysis with cortical disruption
and extra osseous soft tissue formation (arrow)
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arthritis and seronegative spondyloarthritis [3, 8]. In our
case, mistakenly attributing the patient’s signs and
symptoms to the psoriatic arthritis for a long time had
resulted in multiple complications for the patient.

In this regard, clinical suspicion and routine laboratory
investigation including measurement of plasma and
urine phosphate levels in all patients with unexplained
long-term muscle weakness or bone pain/fractures is
prudent. If the urinary excretion of phosphate is high in
spite of a low serum phosphate level, TIO should be
included in the differential diagnosis, and if confirmed, a
thorough investigation is needed to localize the tumor.
Even after diagnosis, locating the tumor is difficult

[2, 9]. Nowadays, a multi-modality approach is recom-
mended for tumor localization in patients. A whole body
MRI, CT scan, 111Indium octreotide scintigraphy and PET
scan using 18F–fluorodeoxyglucose or 68Ga-DOTATATE
are possible options [2, 10–13].
The treatment of choice in these patients is the surgical

resection of the tumor, which leads to a rapid normalization
of biochemical abnormalities, remineralization of the bones
and relief of the symptoms [2].
According to our literature review, this is the second

case of TIO accompanying psoriasis. The first case was a
55-year-old Chinese man with TIO caused by an
infratemporal fossa tumor. He had had a history of well-
controlled psoriasis for 30 years before being diagnosed
with TIO [14]. However, the clinical course and drugs
that he used to control his psoriasis was not mentioned.
A recent published article by Okan et al. demonstrated

that the FGF-23 level is high in psoriasis and an elevated
FGF-23 is associated with psoriasis severity [15]. Besides
the important role of FGF-23 in phosphate homeostasis,
there is growing evidence to suggest that FGF-23 has a
role in regulating immune function. An elevated FGF-23
concentration is associated with higher levels of inflam-
matory markers including inteleukin-6 (IL-6), C-reactive
protein (CRP), fibrinogen, and tumor necrosis factor
alpha (TNFα) [15, 16]. Several possible mechanisms can
explain these findings. One possible explanation is that
FGF-23 directly stimulates inflammation [16]. Another
possibility is that FGF-23 can indirectly induce inflamma-
tion by decreasing the level of 1, 25-dihydroxyvitamin D.
FGF-23 impairs the production of 1, 25-dihydroxyvitamin
D and accelerates its degradation by inhibiting renal
1alpha-hydroxylase and stimulating 24-hydroxylase re-
spectively [15, 16]. 1, 25-dihydroxyvirtamin D is an inhibi-
tor of T-cell proliferation and other inflammatory
mediators and also has a role in inhibiting keratinocyte
proliferation and stimulating its differentiation [15–18].
Taken together, these findings suggest that an increased
FGF-23 level may play a role in the pathogenesis of
psoriasis.
Our patient psoriasis was controlled by topical treat-

ment until his first admission to hospital at the rheuma-
tology ward. In that time, due to severe and generalized
psoriasis skin lesions and possible psoriatic arthritis, his
medication was changed to methotrexate, sulfasalazine,

Fig. 5 Hematoxylin and eosin stain of distal femur lesion compatible
with phosphaturic mesenchymal tumor. a Benign-appearing
hypervascular mesenchymal tumor (low power field); b bland-
looking spindle cells with small nuclei and many small and few large
vessels without staghorn feature (high power field); c Osteoclast like
giant cells, Hemorrhagic stroma and hemosiderin-laden macrophages
(high power field)
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prednisolone and Indomethacin. This psoriasis skin flare-
up is in concordance with radiologic and laboratory evi-
dence of osteomalacia and hypophosphatemia respectively
and indicates the presence of TIO at that time. In his sec-
ond admission to hospital when he was admitted in our
center, his psoriasis was well-controlled but he received
methotrexate, a potent anti-inflammatory drug. After
tumor resection and with regard to the dermatology
consultation, the dose of methotrexate was reduced but
not discontinued. As a result, we could not evaluate the
clinical course of psoriasis skin lesions after the methotrex-
ate withdrawal. However, his psoriasis remained in remis-
sion after the dose reduction. Therefore, we hypothesized
that TIO may alter the clinical course of psoriasis by
secreting a high amount of FGF-23.
On the other hand, several studies have showed an

increased risk for malignancy among patients with psor-
iasis [19–24]. Consequently, long-term psoriasis may
predispose patients to FGF-23-secreting tumors. Finally,
as psoriasis is a common disease, this presentation may
simply be a coincidence.

Conclusion
To our knowledge, this is the second case of TIO
accompanied by psoriasis. There is growing evidence to
suggest that FGF-23 has a role in regulating the immune
function and an increased level of it may play a role in
the pathogenesis of psoriasis. Therefore, TIO may affect
the psoriasis clinical course by secreting a high amount
of FGF-23. On the other hand, an increased risk of
malignancy among patients with psoriasis is proven by
neumerous investigations and consequently, long-term
psoriasis may predispose patients to FGF-23-secreting
tumors. Whether there is any association between these
two diseases or this presentation is only a coincidence
needs further investigations.

Abbreviations
25(OH) vit D: 25-hydroxy vitamin D; 68Ga-DOTATATE: 68Gallium-[1, 4, 7, 10-
tetraazacyclododecane-N, N′, N′′, N′′′-tetraacetic acid]-D-Phe1, Tyr3-octreotate;
ALP: Alkaline phosphatase; Ca: Calcium; CD: Cluster of differentiation;
Cr: Creatinine; CRP: C-reactive protein; CT: Computed tomography;
dl: deciliter; EMA: Epithelial membrane antigen; ESR: Erythrocyte
sedimentation rate; FDG-PET: 18F–fluorodeoxyglucose positron emission
tomography; FGF-23: Fibroblast growth factor-23; hrs: hours;
IHC: Immunohistochemistry; IL6: Inteleukin-6; IU: International unit; kRU/
L: kilo-Relative Units per liter; L: liter; Mg: Magnesium; mg: milligram;
ml: milliliter; mm: millimeter; MRI: Magnetic resonance imaging;
ng: nanogram; nmol: nanomol; P: Phosphorus; PCK: Pan Cytokeratin;
pg: pictogram; PTH: Parathyroid hormone; TIO: Tumor-induced osteomalacia;
TNFα: Tumor necrosis factor alpha

Acknowledgements
We appreciate the patient and his family’s cooperation in this case report.

Funding
This was an academic collaboration and no funding was received for it.

Availability of data and materials
The patient’s records presented in this study are available in hard copy and
electronic form in the hospital’s discharge data set. They will be available on
request without the patient’s identifications.

Authors’ contributions
MA wrote the manuscript. BL and SS supervised the management of the
case and approved the manuscript. AJ and SMSJ managed the patient and
finalized the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
An informed written consent was obtained from the patient for the
publication of this case report and any accompanying images.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Students’ Scientific Research Center, Tehran University of Medical Sciences,
Tehran, Iran. 2Endocrinology and Metabolism Research Center, Endocrinology
and Metabolism Clinical Sciences Institute, Tehran University of Medical
Sciences, Tehran, Iran. 3Diabetes Research Center, Endocrinology and
Metabolism Clinical Sciences Institute, Tehran University of Medical Sciences,
Tehran, Iran.

Received: 1 May 2017 Accepted: 15 August 2017

References
1. Econs MJ, Drezner MK. Tumor-induced osteomalacia–unveiling a new

hormone, Mass Medical Soc, 1994.
2. Chong WH, Molinolo AA, Chen CC, Collins MT. Tumor-induced

osteomalacia. Endocr Relat Cancer. 2011;18(3):R53–77.
3. Xian-Ling W, Jian-Ming B, Wen-wen Z, Zhao-Hui L, Jing-Tao D, Ju-Ming L, Yi-

Ming M. Osteomalacia caused by tumors in facies cranii mimicking
rheumatoid arthritis. Rheumatol Int. 2012;32(8):2573–6.

4. Barrea L, Savanelli MC, Di Somma C, Napolitano M, Megna M, Colao A,
Savastano S. Vitamin D and its role in psoriasis: an overview of the
dermatologist and nutritionist. Rev Endocr and Metabol Disord.
2017:1–11.

5. Napolitano M, Caso F, Scarpa R, Megna M, Patrì A, Balato N, Costa L.
Psoriatic arthritis and psoriasis: differential diagnosis. Clin Rheumatol.
2016;35(8):1893–901.

6. Farrow EG, White KE. Tumor-induced osteomalacia. Expert Rev Endocrinol
Metab. 2009;4(5):435–42.

7. Folpe AL, Fanburg-Smith JC, Billings SD, Bisceglia M, Bertoni F, Cho JY,
Econs MJ, Inwards CY, de Beur SMJ, Mentzel T. Most osteomalacia-
associated 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):1–30.

8. Garip Y, Dedeoglu M, Bodur H. Osteomalacia mimicking
spondyloarthropathy: a case report. Osteoporos Int. 2014;25(7):1983–5.

9. de Beur SMJ. Tumor-induced osteomalacia. JAMA. 2005;294(10):1260–7.
10. Agrawal K, Bhadada S, Mittal BR, Shukla J, Sood A, Bhattacharya A,

Bhansali A. Comparison of 18F-FDG and 68Ga DOTATATE PET/CT in
localization of tumor causing oncogenic osteomalacia. Clin Nucl Med.
2015;40(1):e6–e10.

11. Chong WH, Yavuz S, Patel SM, Chen CC, Collins MT. The importance of
whole body imaging in tumor-induced osteomalacia. J Clin Endocrinol
Metab. 2011;96(12):3599–600.

12. Rhee Y, Lee JD, Shin KH, Lee HC, Huh KB, Lim SK. Oncogenic osteomalacia
associated with mesenchymal tumour detected by indium-111 octreotide
scintigraphy. Clin Endocrinol. 2001;54(4):551–4.

Akbari et al. Journal of Diabetes & Metabolic Disorders  (2017) 16:34 Page 6 of 7



13. Breer S, Brunkhorst T, Beil FT, Peldschus K, Heiland M, Klutmann S, Barvencik
F, Zustin J, Gratz K-F, Amling M. 68 Ga DOTA-TATE PET/CT allows tumor
localization in patients with tumor-induced osteomalacia but negative 111
in-octreotide SPECT/CT. Bone. 2014;64:222–7.

14. Wilkins G, Granleese S, Hegele R, Holden J, Anderson D, Bondy G.
Oncogenic osteomalacia: evidence for a humoral phosphaturic factor.
J Clin Endocrinol Metab. 1995;80(5):1628–34.

15. Okan G, Baki AM, Yorulmaz E, Doğru-Abbasoğlu S, Vural P. Fibroblast
growth factor 23 and placental growth factor in patients with psoriasis and
their relation to disease severity. Ann Clini Lab Sci. 2016;46(2):174–9.

16. J.M. Mendoza, T. Isakova, A.C. Ricardo, H. Xie, S.D. Navaneethan, A.H.
Anderson, L.A. Bazzano, D. Xie, M. Kretzler, L. Nessel, Fibroblast growth
factor 23 and inflammation in CKD, Clinical Journal of the American Society
of Nephrology (2012) CJN 13281211.

17. Gao D, Trayhurn P, Bing C. 1, 25-Dihydroxyvitamin D3 inhibits the cytokine-
induced secretion of MCP-1 and reduces monocyte recruitment by human
preadipocytes. Int J Obes. 2013;37(3):357–65.

18. Rizova E, Corroller M. Topical calcitriol–studies on local tolerance and
systemic safety. Br J Dermatol. 2001;144(s58):3–10.

19. Boffetta P, Gridley G, Lindelöf B. Cancer risk in a population-based cohort of
patients hospitalized for psoriasis in Sweden. J Investig Dermatol.
2001;117(6):1531–7.

20. Brauchli YB, Jick SS, Miret M, Meier CR. Psoriasis and risk of incident cancer:
an inception cohort study with a nested case–control analysis. J Investig
Dermatol. 2009;129(11):2604–12.

21. Chen Y-J, Wu C-Y, Chen T-J, Shen J-L, Chu S-Y, Wang C-B, Chang Y-T. The
risk of cancer in patients with psoriasis: a population-based cohort study in
Taiwan. J Am Acad Dermatol. 2011;65(1):84–91.

22. Frentz G, Olsen J. Malignant tumours and psoriasis: a follow-up study.
Br J Dermatol. 1999;140:237–42.

23. Hannuksela-Svahn A, Pukkala E, Läärä E, Poikolainen K, Karvonen J. Psoriasis,
its treatment, and cancer in a cohort of Finnish patients. J Investig
Dermatol. 2000;114(3):587–90.

24. Kimball A, Schenfeld J, Accortt N, Anthony M, Rothman K, Pariser D.
Incidence rates of malignancies and hospitalized infectious events in
patients with psoriasis with or without treatment and a general population
in the USA: 2005–09. Br J Dermatol. 2014;170(2):366–73.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Akbari et al. Journal of Diabetes & Metabolic Disorders  (2017) 16:34 Page 7 of 7


	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

