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Tumour-induced osteomalacia 
(TIO), also known as oncogenic 

osteomalacia, is a rare paraneoplastic 
disorder caused by tumours that 
secrete the phosphaturic hormone 
fibroblast growth factor 23 
(FGF23) and is characterized by 
hypophosphataemia and impaired bone 
mineralization (osteomalacia).

All tumours associated with TIO produce 
FGF23. Increased FGF23 levels impair renal 
phosphate reabsorption, resulting in chronic 
hypophosphataemia, and inhibit activation of 
vitamin D. Chronic hypophosphataemia and 
low vitamin D levels decrease the rate of bone 
mineralization, leading to osteomalacia in adults 
and rickets in children (osteomalacia associated 
with growth plate abnormalities), and impair 
muscle function, leading to marked myopathy.

Blocking FGF23 by administering 
an anti-FGF23 antibody is 
one of the most promising 
treatments on the horizon for 
unresectable tumours associated 
with TIO. These antibodies 

are currently being tested for 
other phosphaturic conditions, 
where they safely and efficiently 
increased renal phosphate 
reabsorption and serum 
phosphate levels. 

Although TIO is the most prevalent cause of 
acquired FGF23-related hypophosphataemic 
diseases, it is rare. No population studies 
have been done to estimate the prevalence. 
The average age of diagnosis is 45 years, but 
it can occur in children. Men and women are 
equally affected and no ethnic differences have 
been reported. 

Surgical removal of the tumour with wide 
margins is the only definite treatment. Adjuvant 
radiotherapy (when resection is incomplete) or 
primary radiotherapy have been used, but data 
are limited. When the tumour cannot be located 
or complete resection is not possible, medical 
treatment with phosphate supplements or active 
vitamin D is needed to increase serum phosphate 
levels. The use of cinacalcet (a calcimimetic) has 
been advocated as an adjuvant treatment in 
patients with poor tolerability to 
phosphate supplementation.

TUMOUR-INDUCED OSTEOMALACIA
PRIMEVIEW

MECHANISMS

DIAGNOSIS

OUTLOOK 

EPIDEMIOLOGY

MANAGEMENT

Article number: 17045; doi:10.1038/nrdp.2017.45; published online 13 Jul 2017

For the Primer, visit doi:10.1038/nrdp.2017.44

Once the 
TIO‑associated 

tumour has been 
removed, biochemical 

and skeletal 
abnormalities 

quickly reverse

 
Chronic 

hypophosphataemia 
in the setting of bone 

pain, fragility fractures 
and muscle weakness 
raises the suspicion 

of TIO

 
TIO‑causing 

tumours are often 
very small and difficult 
to locate, as they can 
occur in soft tissue or 

bone anywhere in 
the body

Diagnosis involves 
biochemical 

measurements (including 
estimation of phosphate 

reabsorption by the kidney  
and levels of minerals and 

phosphaturic hormones in the 
serum) and functional and 

anatomical imaging to 
locate the tumour

The majority 
of tumours 

are a distinct 
entity, classified 
as phosphaturic 

mesenchymal tumours 
of the mixed 

connective tissue 
variant
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Excessive FGF1 receptor 
(FGFR1) signalling might 

have a role in tumour formation 
and FGF23 secretion. Indeed, a 
translocation of FN1 (encoding 
fibronectin (FN)) and FGFR1 that 
leads to a chimeric gene and 
presumably a FN–FGFR1 fusion protein has 
been identified in approximately half of the 
tumours; a few tumours (~5%) also express a 
FN1–FGF1 fusion gene.
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