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Clinical Report

Oncogenic osteomalacia illustrating the effect of fibroblast growth
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Abstract
In oncogenic osteomalacia (OOM), fibroblast growth factor 23 (FGF23) induces renal phosphate
wasting and inhibits the appropriate increase of calcitriol. A patient suffering from OOM is described.
Serum calcium, phosphate, biointact parathyroid hormone and intact FGF23 as well as the calcitriol
and 24,25-vitamin D levels were measured before and after tumour removal. The clinical approach
to a patient with hypophosphataemia is discussed and the changes in mineral metabolism after
removal of a FGF23-producing tumour are described.
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Background

Phosphate homeostasis is maintained by a complex interac-
tion between vitamin D, parathyroid hormone (PTH) and
bone-derived fibroblast growth factor 23 (FGF23). Phosphate
depletion increases the rate of synthesis of calcitriol, while
phosphate loading has the opposite effect [1, 2]. FGF23 de-
creases tubular phosphate reabsorption by internalization of
the sodium–phosphate co-transporters NaPi-IIa and -IIc. It
decreases the 1-a hydroxylation of vitamin D by cytochrome
P450 (CYP)27B1 as well as increases vitamin D degradation
by CYP24 [3, 4]. Oncogenic osteomalacia (OOM) is a rare
hypophosphataemic disease caused by unregulated produc-
tion of FGF23. For a recent review of the condition, see [5]. In
this case report, subsequent changes in mineral metabolism
before and after removal of a FGF23-producing tumour are
described.

Case report

A 73-year-old woman, without any skeletal disease in the
family or rickets in her childhood, developed spontaneous
fractures, muscle weakness and severe pain. She had a history
of oestrogen receptor-positive endometrial adenocarcinoma
13 years earlier, which was cured by hysterectomy, bilateral
oophorectomy and treatment with the progestagen meges-
trol for 11 years. The last 3 years, she developed progressive
skeletal pain, muscle weakness and low energy fractures of
right hip, tibias, ribs and vertebras. She received treatment by
weekly alendronate, calcium carbonate and cholecalciferol
800 IU/day. Biochemical analyses (see Table 1) revealed
hypophosphataemia and increased fractional excretion
(FE) of phosphate in the urine, calculated as (serum
phosphate 3 urine creatinine)/(urine phosphate 3 serum

creatinine) 3 100. The maximal phosphate reabsorption
per glomerular filtration rate (TmP/GFR) according to the
nomogram of Bivojet was 0.6 mmol/L (1.9 mg/dL) [normal
range >0.85 mmol/L (>2.63 mg/dL)]. Alendronate treat-
ment was stopped and treatment with phosphate capsules
1500 mg thrice daily and 1-alfa-calcidol (Etalpha) 1.5 lg
daily was initiated 6 months before diagnostic work-up.
The calcium level was normal and the PTH level became
slightly elevated after start of phosphate substitution. Her
calcidiol level was sufficient: 88 nmol/L (35.2 ng/mL). Her
creatinine clearance was 91 mL/min/1.73 m2. Urinary excre-
tion of albumin was 24 mg/24 h. There was no glucosuria on
dipstick testing. The serum bicarbonate level was 27 mEq/L
and the urinary pH was 6. There was no monoclonal immu-
noglobulin in serum or urine. The FGF23 level was increased
to 100 pg/mL. The level of alkaline phosphatase was in-
creased to 3.7 lcat/L (reference range 0.6–1.8). Bone density
measured by dual X-ray absorption was 0.603 g/cm2 (T-score
�3.3) at the left hip and 0.884 g/cm2 (T-score�2.5) at lumbar
spine. For differential diagnoses of hyperphosphaturic hypo-
phosphataemia and their relation to FGF23 level see Table 2.

In conclusion, the patient suffered from an acquired form
of hypophosphataemic osteomalacia due to excess FGF23,
which makes OOM the most likely diagnosis. The challenge
in such cases is to localize a small tumour that can be
located anywhere in the body.

Radiological and nuclear examinations, including venous
sampling for a venous gradient of FGF23 and fluorodeoxy-
glucose positron emission tomography, lead to the localiza-
tion of a small subcutaneous tumour in the sole of the right
forefoot. The 1-alfa-calcidol treatment was stopped 3 days
before surgery and the phosphate supplementation was
gradually tapered from the day after surgery.

Immunoabsorbent assays were used for analyses of bio-
active 1-84 PTH (Scantibodies) and intact FGF23 (Kainos;
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Japan) before extirpation and at 10 time points the first day,
as well as after 1 and 2 weeks and 6 months, (see Table 1 and
Figure 1). Serum calcitriol and 24,25-vitamin D were meas-
ured using liquid chromatography-tandem mass spectrome-
try recently described [6]. Serum was collected, protected
from light and stored in �70�C until analysed.

Thirty minutes afterextirpation of the tumour, serum FGF23
had decreased to normal range. An initial reduction of bioin-
tact PTH was followed by a gradual increase to above pre-
operative levels. Calcitriol concentration increased 10 h after
surgery, reached a maximum after 1 week and remained
elevated 6 months after surgery. The 24,25-vitamin D concen-
tration, on the other hand, decreased after ~20 h and re-
mained lower compared to pre-operative levels at 1 and 2
weeks. The bone mineral density increased 30% in 6 months.
Most importantly, the patient’s symptoms and general con-
dition improved remarkably.

On histopathological examination, the 11-mm nodular
tumour had the features of a mesenchymal tumour with
abundant matrix with small spindle-shaped cells and gran-
ular calcifications and a cell-rich component of irregular cells
with foci of multinucleated osteoclast-like cell in accordance
with a phosphaturic mesenchymal tumour of the mixed
connective tissue type [7].

Discussion

This case illustrates the clinical picture of a hypophospha-
taemic syndrome due to excess FGF23 and the time-related
changes in the parameters of mineral metabolism as FGF23
is normalized.

Other causes of chronic hypophosphataemia could be
excluded by clinical history: there were no congenital or
inherited skeletal problems, no malnutrition, malabsorption
nor exposure to tubular toxins; and the calcidiol level was
normal. For an up-to-date discussion of the approach to the
hypophosphataemic patient, see [8].

Increased FGF23 may be due to a mutation in the FGF23
gene, making it resistant against enzymatic degradation
as in autosomal dominant hypophosphataemic rickets [9].
Mutations in the PHEX, DMP1 or ENPP1 genes, respectively,
induce a defect in the normal regulation of FGF23 synthe-
sis in osteocytes by unknown mechanisms. These muta-
tions all give rise to hereditary rickets, see Table 2 and [10].
The recessive disorder hereditary hypophosphataemic rick-
ets with hypercalciuria on the other hand is due to muta-
tions in the SLC34A3 gene, causing decreased activity of the
tubular sodium phosphate co-transporter NaPi-IIc [11]. The

Table 1. Laboratory parameters before and after tumour removala

Time (hour:minute)
Phosphate
(mmol/L)

Calcium
(mmol/L)

BiPTH
(pg/mL)

FGF23
(pg/mL)

1,25-vitD
(pg/mL)

24,25-vitD
(ng/mL) FE-Pi % FE-Ca %

Normal range: 0.80–1.50 2.15–2.50 5.5–30.9 10–50 20–80 5–15 1–2

0 0.87 2.32 46.4 71.3 88.5 5.6 32 0.59
0:35 ND ND 27.3 38.9 74.8 4.3
1:45 0.72 2.30 30 34.8 80.8 5.2
3:05 0.79 2.29 ND 31.7 76.2 5.2
4:05 ND ND ND 31 74.6 5
5:20 ND ND 35.5 29 90.2 6.2
6:15 0.75 2.21 ND 28 75.2 5.2
10:15 ND ND 40.9 28 95.2 4.5
14:20 0.79 2.37 ND 28 122.2 5.5
18:20 ND ND ND 28 134 5
22:20 0.81 2.37 ND 29 162.3 3.9
48 0.80 ND 56.4 ND ND ND 16 0.69
1 week 1.36 2.37 21.8 28 267 3.1
2 weeks 1.36 2.34 38.2 28 211.4 2.8
6 months 1.34 2.48 10.9 27 159.1 5.5

aBiPTH, bioactive 1-84 parathyroid hormone; ND, not determined; 1,25 vit D, 1,25-dihydroxyvitamin D; 24,25-vitD, 24,25-dihydroxyvitamin D; FE-Pi and FE-
Ca are fractional excretion of phosphate and calcium, respectively, and are calculated as [serum mineral 3 urine creatinine (mmol/L)/serum creatinine 3

urine mineral (mmol/L)]. To convert phosphate to mg/dL multiply with 3.1; calcium to mg/dL multiply with 4; BiPTH to pmol/L multiply with 0.9; 1,25 vit to
pmol/L multiply with 2.496; 24,25 vit D to nmol/L multiply with 2.496.

Table 2. Hyperphosphaturic hypophosphataemic disordersa

Diagnosis or clinical manifestation (OMIM number) Defective protein (gene) Tissue Serum FGF23

XLH (307800) Phosphate-regulating gene
with homology to endopeptidases
on the X chromosome (PHEX)

Bone [

ADHR (193100) Fibroblast growth factor 23 (FGF23) Osteocytes [
ARHR-1 (241520) Dentin matrix protein 1 (DMP1) Bone [
ARHR-2 (613312) Ectonucleotide pyrophosphatase

phosphodiesterase 1 (ENPP1)
Bone [

Hyperphosphaturia, osteoporosis, kidney stones NaPi co-transporter IIa (SLC34A1) Proximal tubules ¼, Y
HHRH (241530) NaPi co-transporter IIc (SLC34A3) Proximal tubules ¼, Y
Oncogenic osteomalacia Acquired, unregulated FGF23 production Mesenchymal tumour [-[[
Fanconi syndrome Genetic or acquired Proximal tubules ¼, Y

aOMIM, online mendelian inheritance in man; XLH, X-linked hypophosphataemia; ADHR, autosomal dominant hypophosphataemic rickets; ARHR, autoso-
mal recessive hypophosphataemic rickets; HHRH, hereditary hypophosphataemic rickets with hypercalcuria.
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condition is associated with increased calcitriol and hyper-
calciuria and a decrease in serum FGF23. Mutations in
SLC34A1 resulting in a decrease in NaPi-IIa cause nephro-
lithiasis, osteoporosis and mild hypophosphataemia [12]
(see Figure 2). Acquired chronic hypophosphataemia may
be due to general or selective proximal tubular damage or
Fanconi syndrome, caused by light chains associated with
monoclonal gammopathies or other tubular toxins. FGF23 is
normal or decreased in chronic hypophosphataemic disor-
ders not caused by FGF23 excess [13]. The patient in this
case had an acquired form of phosphate wasting, the FGF23
level was increased and there were no other features of
general tubular dysfunction.

After surgery, the phosphate level normalized within 1
week, and the phosphate FE % had decreased already 2
days after surgery (Table 1).

PTH gradually increased to above pre-operative levels the
first day after extirpation after a short decrease immediately
after surgery. The finding is unexpected as FGF23 inhibits PTH
secretion in vitro and in animal experiments [14]. Though, in
chronic kidney disease and other situations with increased
FGF23, there is development of hyperparathyroidism. In
OOM as well as in other states with phosphate wasting due
to FGF23 as X-linked hypophosphataemia (XLH), treatment
with high doses of phosphate and active vitamin D induces
an increase in FGF23 and PTH [15]. Also, in experiments with
FGF23-neutralizing antibodies in the hyp mice, an animal
homologue of XLH, there was actually an immediate decrease
in PTH [16]. The regulation of PTH in hypophosphataemic dis-

orders is incompletely understood. Vitamin D deficiency
and calcium malabsorption, aggravated by large phos-
phate intake, may induce hyperparathyroidism. The fast
post-operative decrease in PTH is difficult to explain. It
may have been induced by the drop in phosphate level,
increasing the free calcium fraction or increasing intra-
cellular pre-PTH degradation in the parathyroid gland.

Serum calcitriol level started to increase after ~10 h
mirrored by a decline in 24,25-vitamin D starting after
~20 h. CYP27B1 is the rate-limiting enzyme in calcitriol
synthesis, while CYP24 inactivates calcitriol and its precursor
25-hydroxy vitamin D. CYP24 is stimulated by calcitriol, an
effect attenuated by PTH [17]. FGF23 stimulates CYP24 activ-
ity in the kidney. Increased CYP24 activity, rather than de-
creased CYP27b1 activity, seems to be the cause of calcitriol
deficiency in uraemic rat [18]. Treatment with FGF23 anti-
bodies in hyp mice increases CYP27B1 expression and de-
creases the CYP24 activity [16].

FGF23 induced hypophosphataemia due to decreased
phosphate reabsorption and prevented an appropriate in-
crease of calcitriol. When FGF23 normalized, phosphate re-
absorption increased the activity of CYP27B1 and CYP24
reacted adequately to the low serum phosphate. The calci-
triol remained elevated after 6 months, when PTH and FGF23
were in reference range, reflecting an intrinsic regulation of
calcitriol production stimulated by a positive phosphate bal-
ance due to continuing mineralization of the skeleton and
need for increased phosphate reabsorption to maintain
homeostasis.

Fig. 1. Parameters of mineral metabolism before and after removal of an FGF23-producing tumour. Area between horizontal grey lines represent normal
range.
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In conclusion, this case verifies the known effects of
FGF23, illustrates the utility of FGF23 determination when
encountering a patient with hypophosphataemia and
points to one of the unsolved questions concerning FGF23,
namely its direct versus indirect effects on the parathyroid
glands.
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Fig. 2. Mechanisms of increased FGF23. Hypophosphataemia due to increased
FGF23 may be due to paraneoplastic synthesis by mesenchymal tumours,
genetic defects affecting the FGF23 synthesis and possibly phosphate sensing
in bone cells or a mutation in FGF23 itself rendering it resistant against enzy-
matic degradation. FGF23 signals via FGF receptors in conjunction with its co-
receptor klotho in the kidney downregulating phosphate transporters and
decreasing calcitriol synthesis. Mutated or knocked out klotho in animals
causes hyperphosphataemia and increased calcitriol, despite high FGF23.
A mutation in gene coding for NaPi-IIc causes renal phosphate wasting with
a compensatory increase in calcitriol and hypercalciuria due to increased in-
testinal calcium absorption. Abbreviations: PHEX, phosphate-regulating gene
with homology to endopeptidases on the X chromosome; DMP, dentin matrix
protein; ENPP, ectonucleotide pyrophosphatase/phosphodiesterase; FE-Pi,
fractional excretion of phosphate; Y means decreased expression or function;
[ means increased concetration or function.
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