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Abstract Oncogenic osteomalacia is a rare paraneoplas-
tic syndrome of acquired hypophosphatemic osteomalacia,
resulting from a deWcit in renal tubular phosphate reabsorp-
tion, in which Wbroblast growth factor 23 (FGF23) seems to
be implicated. This condition is usually associated with a
phosphaturic mesenchymal tumor of mixed connective tis-
sue located in the bone or soft tissue. The clinical and the
radiologic Wndings are the same as those seen in osteomala-
cia, and the biochemical features include renal phosphate
loss, low serum phosphate and 1,25-(OH)2 vitD3 levels,
increased alkaline phosphatase, and normal calcium, PTH,
calcitonin, 25-OH-vitD3 and 25,25-(OH)2 vitD3. We pres-
ent two cases of oncogenic osteomalacia associated with
phosphaturic mesenchymal tumors, which were histologi-
cally similar, but presented a completely diVerent evolu-
tion. In the Wrst patient, the tumor developed on the sole of
the foot. Following removal of the mass, the symptoms
resolved and biochemical and radiological parameters
returned to normal. However, in the second patient, a liver
tumor developed and resection did not resolve the disease.
Multiple lesions appeared in several locations during
follow-up. This disease usually remits with complete tumor
resection. Nevertheless, if this is not possible, oral treat-
ment with phosphate, calcium and calcitriol can improve
the symptoms. If scintigraphy of the tumor shows octreotide

receptors, patients may respond partially to therapy with
somatostatin analogs, with stabilization of the lesion.
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Introduction

Oncogenic osteomalacia is a rare paraneoplastic syndrome
of acquired hypophosphatemic osteomalacia, resulting
from a deWcit in renal tubular phosphate reabsorption, in
which Wbroblast growth factor 23 (FGF23) seems to be
implicated. This condition is usually associated with a
phosphaturic mesenchymal tumor of mixed connective tis-
sue located in the bone or soft tissue. The clinical and the
radiological Wndings are the same as those seen in osteoma-
lacia, and the biochemical features include renal phosphate
loss, low serum phosphate and 1,25-(OH)2 vitD3 levels,
increased alkaline phosphatase, and normal calcium, PTH,
calcitonin, 25-OH-vitD3 and 25,25-(OH)2 vitD3 [1].

We present two cases of oncogenic osteomalacia associ-
ated with phosphaturic mesenchymal tumors, which were
histologically similar, but presented a completely diVerent
evolution.

Case 1

A 34-year-old man consulted 15 years previously for a
1-year history of pain in the left inguinal area radiating to
the anterior part of the thigh. It was subsequently associated
with rib pain, mechanical low back pain and pain in the left
heel while walking. Physical examination disclosed Xatfoot
and soft tissue occupation of the left plantar arch. There
was no family or personal history of bone disease.
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Laboratory analyses showed hypophosphatemia with
normal calcium levels, increased serum alkaline phosphatase
(AP) activity and osteocalcin, and normal PTH, 25-OH-D3

and 1,25-(OH)2-D3. Urine analysis disclosed increased
phosphates, normal calcium and increased free hydroxypro-
line excretion.

Hip radiography showed a 1 cm loss of the lineal conti-
nuity in the internal cortical bone of the proximal femur
(Fig. 1). Bone densitometry provided evidence of moderate
osteoporosis of the lumbar spine and severe osteoporosis of
the proximal third of the femur (triangle of Ward). On bone
scanning, increased tracer uptake was seen in the pelvis,
lesser trochanter of the left femur, rib cage and posterior
arches of the left 5th rib, and the right 4th and 5th ribs.

Conservative treatment with 1 year’s rest yielded no
improvement. Hence, prophylactic DHS osteosynthesis
was carried out (Fig. 2). The clinical symptoms and analyt-
ical and radiological parameters persisted [Looser–Milk-
man pseudofracture in the internal cortical bone (Fig. 2)],
and we suspected acquired hypophosphatemic osteomala-
cia, that is, oncogenic osteomalacia. Treatment with oral
phosphorus (40 mL/day) and calcitriol (0.25 mg) was initiated
for the osteomalacia and a tumor found in the plantar arch was
removed 1 year later (3 years after onset of symptoms). The

diagnosis was a mixed connective variant of phosphaturic
mesenchymal tumor with the presence of Wbroblasts, some
thin-walled vessels and nests having a chondroid appearance,
with intense dystrophic calciWcation of the entire tumor.

Two weeks after removing the tumor, the symptoms and
biochemical parameters improved (phosphate had
increased to 3.1 mg/dL, AP activity had decreased to 461
U/L, and calcium decreased to 9.1 mg/dL), with complete
recovery 1 year later. At that time, the densitometry and
radiography features had also considerably improved and the
Looser–Milkman fracture was in the process of resolution.

Following resection of the tumor, there was a fall in AP
concentrations, with minimum values at 1 month after sur-
gery. After that time point, concentrations of 1,25-(OH)2

vit-D3 increased progressively. The last follow-up visit was
11 years after plantar tumor resection, at which time the patient
remained asymptomatic and radiology and biochemical
results were normal.

Case 2

A 27-year-old woman had presented generalized muscle
pain at the age of 7 years. After 1 year, she additionally
experienced pain in the rib cage and thigh muscles, refrac-
tory to conventional analgesics. Laboratory testing showed
low serum phosphate with normal calcium levels, increased
serum AP, decreased 1,25-(OH)2-vitD3 and urinary phos-
phate loss. The bone series revealed pseudofractures and
Looser–Milkman lines. A presumptive diagnosis of hypo-
phosphatemic osteomalacia was established and medical
treatment was started with calcium 500 mg/day, phosphate
1000 mg/day and calcitriol (1,25-(OH)2-vitD3) 50 �g/day,
with partial clinical and analytical improvement.

After 5 years, the patient presented pain in the right
hypochondrium, and CT showed a mass in the Wfth seg-
ment of the liver (Fig. 3). The hepatic tumor was resected
and pathological study identiWed hemangiopericytoma, a
phosphaturic mesenchymal tumor. For this reason, the clin-
ical picture was oriented towards hypophosphatemic osteo-
malacia, secondary to a mesenchymal tumor.

After 4 years following hepatic tumor resection, there
was an onset of pain in the right iliac fossa caused by two
new lesions in the right iliac wing and presacrum, which
were removed. After 2 years, the patient presented another
recurrence consisting of hepatic metastasis, pulmonary
nodules and lesions in the 7th and 8th ribs on the right side.
These last tumors were resected together with the respec-
tive portion of the chest wall, and histological study was
consistent with mixed soft tissue sarcoma (hemangioperi-
cytoma). Later in the same year, symptoms of hypoesthesia
started in the right T7/T8 dermatomes and bilateral cutane-
oplantar extensor response. Magnetic resonance imaging
demonstrated an epidural spinal tumor at T6–T9 with spinal

Fig. 1 Case 1. Radiographic study of the left hip. A fracture line is
evident at the area of the calcar femorale
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canal compromise (70%), which required surgery (en bloc
resection with instrumented fusion; Fig. 4) and associated
dorsal radiotherapy (DT 44 Gy). A CT follow-up study
9 months later disclosed progression of the liver tumor,
which was treated with six cycles of adriamycin, thereby
stabilizing the condition. Nonetheless, 2 years later a recur-
rent hemangiopericytoma appeared in the left breast.
Tumor study for somatostatin receptors was negative;
hence octreotide analogs were not administered. Treatment
with imatinib mesylate at 400 mg/day was started and the
disease stabilized again.

Because of the patient’s lengthy treatment with calcium,
vitamin D3 and phosphates, 1 year later she developed ter-
tiary hyperparathyroidism with hypocalcemia, hypophos-
phoremia, hyperphosphaturia and elevated PTH.

After another year, the patient experienced pain in the
right thigh with abolition of the ipsilateral patellar reXex.
CT performed at that time showed a pelvic mass displacing

Fig. 3 Case 2. Abdominal CT showing calciWed hepatic mass. The
hepatic tumor was resected and pathological study identiWed hemangi-
opericytoma, a phosphaturic mesenchymal tumor

Fig. 2 Case 1. Radiographs of 
the left hip 2 months following 
surgery: a anteroposterior view, 
b axial view. The fracture shows 
no consolidation

Fig. 4 Case 2. Magnetic resonance imaging demonstrates an epidural
spinal tumor at T6–T9 with spinal canal compromise (70%) that required
surgery
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the femoral vascular nerve bundle and bone metastasis in
the pelvic ring, both femurs and several vertebral bodies.
She was hospitalized to carry out palliative resection of the
right iliac wing tumor. The CT study performed 6 months
later showed no changes: pulmonary nodules, 2.5 cm lesion
in the left breast, multiple hepatic space-occupying lesions,
and masses in the iliac pelvis, Douglas pouch and spleen.

After 2 years, the patient’s clinical status worsened, with
increasing pain particularly in the lower limbs that made
walking diYcult. Magnetic resonance imaging of the verte-
bral spine showed multiple bone metastases that diVusely
aVected the entire spine, with cord compression at S1–S2

due to a pelvic mass that had increased in size. Local radio-
therapy and analgesia were administered. Thoracoabdomi-
nal CT showed slight progression of disease in the liver and
lower pelvis, the remaining lesions being stable. On the
OctreoScan study (Fig. 5), radiotracer uptake was observed
in the abdominopelvic, hepatic and left femoral masses,
with moderate expression of somatostatin receptors. A
decision was made to change the treatment to octreotide
20 mgs and adjust the analgesia. Within a few days of treat-
ment, the pain was controlled and the patient’s general state
improved to the point that she was able to walk with the aid
of crutches. This improvement was likely due to the com-
bined treatment with analgesics, octreotides, gabapentin
and radiotherapy. A PET scan carried out 1 month after
beginning treatment with octreotide analogs was compared
with the previous CT to assess treatment response. A partial
metabolic response that was more evident at the level of
the mediastinum and vertebrae was observed, as well as

multiple metastases showing tumor viability and post-
therapy calciWcation, with less metabolic activity in both
lungs, the left breast, pancreatic area, Douglas pouch and
bone, and greater activity in the left proximal femur.

Discussion

Osteomalacia is a generalized mineralization disorder of
the osteoid matrix, consisting of a deWcit in calcium and
phosphate incorporation. Accumulation of non-mineralized
osteoid decreases bone resistance, and this situation mani-
fests clinically as pain and musculoskeletal deformity, mus-
cle weakness and hypocalcemia. In the growing skeleton,
the metaphyses are also aVected, causing anomalous
growth (rickets) [1].

In 1947, McCane described the Wrst case of hypophos-
phatemic connective tissue tumor in a 17-year-old adoles-
cent girl with an osteoid tumor in the femur associated with
osteomalacia. She improved with resection of the lesion.

Oncogenic osteomalacia is a rare entity (around 100
cases described), although the prevalence of the association
may be underestimated because the tumors are small (usu-
ally 1–4 cm) and can occur at unusual sites. The most fre-
quent are bone tumors (55% of cases) occurring in the long
bones of the lower limbs, such as the femur and tibia, with
30% arising in the head and neck (mandible, maxilla, eth-
moidal bone, and cranial dome) and 20% in the upper
limbs. Those occurring in soft tissues (45%, including the
skin) are also mainly found in the lower limbs (66%).

Fig. 5 Case 2. On OctreoScan 
study, radiotracer uptake was 
observed in the abdominopelvic, 
hepatic and left femoral masses, 
with moderate expression of 
somatostatin receptors
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Another reason why these tumors go unnoticed is because
they are quite indolent. Some patients diagnosed with idio-
pathic hypophosphatemic osteomalacia may actually have
this syndrome. Most of the tumors are small and benign
(only 10% are malignant and 5% multiple), although the
symptoms may be generalized [2, 4].

Oncogenic osteomalacia is considered a consequence of an
underlying neoplasm. Patients show proximal tubular mal-
function similar to that occurring in Fanconi syndrome (phos-
phaturia, glucosuria and amino-aciduria) due to a humoral
factor produced by the tumor and related to phosphate metab-
olism. This factor is now considered to be Wbroblast growth
factor FGF23 (previously known as phosphatonin), an 8- to
25-kD protein labile to heat, encoded by the homonym gene
(FGF23: chromosome 12, locus 12p13.3) [4, 12].

The results of Stewart et al. [12] support the concept that
FGF23 is an important regulator of phosphate metabolism.
Administration of synthetic FGF23 and genetic overexpres-
sion of FGF23 in mice produce hypophosphatemia and
renal phosphate loss. Genetic inactivity of FGF23 (in both
mice and humans) causes hyperphosphatemia. Moreover,
FGF23 production can be regulated by the phosphate both
in vitro and in vivo [12].

In some studies [12, 17], FGF23 levels were determined
by immunoassay before and after tumor resection. These
eVorts concluded that FGF23 is increased in many patients
with a tumor responsible for osteomalacia, and levels above
normal in the postoperative period correlate with persis-
tence of the tumor. When the mass is totally resected, the
patient’s renal function and serum FGF23 levels usually
return to normal in the Wrst 24 h. Thus, FGF23 determina-
tion may help to orient the diagnosis and prognosis of the
illness by giving quick information about the existence or
absence of residual tumor tissue [17].

Some hereditary hypophosphatemic illnesses, such as
X-linked hypophosphatemia and dominant autosomal hyp-
ophosphatemic rickets, also show increased serum FGF23.
This fact suggests that these diseases may share the same
pathophysiology as oncogenic osteomalacia, although the
mechanism responsible for the FGF23 increase is diVerent
in each of them [1, 2, 4, 7].

Serum FGF23 is also high in other tumors, such as
chronic lymphatic leukemia, other leukemias and B lym-
phocyte lymphomas, myeloma and monoclonal gammapa-
thy, the last two being additionally associated with
increased levels of paraprotein and beta-2 microglobulin. In
contrast to oncogenic osteomalacia, hypophosphatemia is
not present in patients with these tumors, which suggests
that the FGF23 produced by B cells is not functional or that
there is another factor that contributes to maintain normal
phosphate levels in these cases [1, 2, 4, 7, 12, 17].

Oncogenic osteomalacia is likely the most common cause
of acquired hypophosphatemic osteomalacia. The condition

usually manifests in the adult age (33 years on average,
with a range of 7–73 years) with no predilection for either
sex. Our patients are 17 and 34, within this age range. The
symptoms precede the diagnosis by 5 years (with a range of
3 months to 17 years) [2, 8]. The signs and symptoms are
typical of osteomalacia except for those caused by low cal-
cium, since patients with oncogenic osteomalacia have nor-
mal calcium concentrations. More than 90% of the patients
report bone pain, particularly in weight-bearing bones
(lower limbs and spinal column). Around 66% show deep
muscle weakness (proximal myopathy) [2], myalgia, fatigue,
multiple fractures due to minimal trauma (particularly rib and
vertebral crushing) and progressive deformities (increased
dorsal kyphosis and bowing of the extremities). On physical
examination, bone palpation is painful, there is muscular
hypotonia, and osteotendinous reXexes are preserved [1].

The characteristic biochemical Wndings of oncogenic
osteomalacia are decreased serum and urinary phosphate
concentrations, increased serum alkaline phosphates and
decreased 1,25-(OH)2-vit D. The phosphaturia and hypo-
phosphatemia of these patients are not mediated by PTH or
by PTH-related peptide (PTHrp), since concentrations of
these factors and serum calcium are normal [8]. Other ana-
lytical parameters, such as calcitonin, 25-OH-vitD and
24,25-(OH)2 vitD are also normal. A decrease or inhibition
of the enzyme 25-OH-vitD-1�-hydroxylase is the most
striking Wnding, considering the severity of the hypophos-
phatemia, which should be a powerful stimulus for convert-
ing 25-OH-vitD into 1,25-(OH)2-vit D [8].

The typical radiological features of oncogenic osteoma-
lacia are “pseudofractures” or Looser–Milkman lines, as
were seen in our cases, which correspond to stress frac-
tures. Densitometry usually shows osteopenia. On bone
scanning, multiple foci of increased uptake are seen, which
should not be misinterpreted as metastasis.

Bone biopsy shows osteomalacia with increased osteo-
clastic bone resorption, which probably explains mainte-
nance of normal levels of calcium and PTH in blood [3).

In 1985, Weidner et al. [14, 15] described a group of
mesenchymal tumors causing oncogenic osteomalacia.
Approximately 87% of these tumors contained multinucle-
ated giant cells (in some cases with ultrastructural features
of conventional osteoclasts) or osteoclast-like multinucle-
ated giant cells, and 80% had extensive vascularization.
Both these components may be related to the pathogenesis
or metabolic consequences of osteomalacia/rickets .
Despite this fact, neither Yoshikawa nor Weidner were able
to clearly deWne the speciWc features that allow a uniWed
diagnosis because of the rarity of the syndrome, which
makes it impossible to carry out morphological analysis of
a large number of these tumors in a single center.

Although they had very diVerent histological features,
after analyzing 17 tumors in 1987, Weidner proposed a
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subclassiWcation into four patterns according to their simi-
larities [9, 15]. The Wrst group, preferentially located in soft
tissues, included phosphaturic mesenchymal tumor and
mixed connective tissue variant [5]. The three other groups
were located in bone, and were classiWed according to their
resemblance to typical bone tumors: osteoblastoma-like
variant [2], nonossifying-like Wbroma variant [1], and ossi-
fying-like Wbroma variant [4]. This grouping seemed to
conWrm that tumors causing oncogenic osteomalacia do not
have a homogeneous morphological pattern.

This condition should be suspected in teenagers and
adults with phosphaturic normocalcemic osteomalacia in
the absence of a family history of bone disease. An increase
in serum FGF23 supports the diagnosis. When oncogenic
osteomalacia is suspected, it is important to carefully search
for tumor foci with pentetreotide [9] or octreotide scintigra-
phy, since the tumors often go unnoticed on conventional
tests. 99Tc is mainly used to detect areas of active osteoma-
lacia rather than to locate the tumor [2, 10]. Once the tumor
has been detected, the deWnitive diagnosis is established by
biopsy and pathological study.

The diVerential diagnosis includes diseases that cause
osteomalacia and rickets (Table 1), particularly those pro-
ducing osteomalacia and hypophosphatemia [1, 4, 8].

Apart from phosphaturic mesenchymal tumor, other
types of tumors are also associated with oncogenic osteo-
malacia, such as prostate carcinoma of endodermic origin
(likely due to osteoblastic metastasis) and oat cell carci-
noma of neuroectodermal origin. Other associated tumors

include sarcoma, myeloma, malignant Wbrous histiocytoma,
neuroWbromatosis and neurinoma [8].

Recognizing phosphaturic mesenchymal tumor is of
vital importance because complete resection cures the
oncogenic osteomalacia in more than 80% of patients [5].
Moreover, between 24 h and 1 year after tumor removal,
symptoms resolve in 90% of symptomatic patients: renal
tubular phosphate reabsorption returns to normal decreas-
ing urine phosphate loss, and serum phosphate levels nor-
malize in 24–72 h. Levels of 1,25(OH)2vit D3 return to
normal in 24–48 h, whereas alkaline phosphatase and oste-
ocalcin take longer. After tumor removal, hypocalcemia
can occur secondary to rapid osteoid remineralization, and
hyperparathyroidism secondary to hypocalcemia. The skel-
etal changes, and densitometry and bone biopsy features
take months to normalize [3]. The pseudofractures (Looser
lines) disappear on radiography and may give rise to an
area of sclerosis. If the tumor recurs, the syndrome gener-
ally reappears. Our Wrst case had good resolution with the
resection of the tumor, but in our second case, the syn-
drome reappeared representing this evolution. Perhaps the
clinical evolution with recurrence of symptoms could sug-
gest a malignant case.

When a tumor is not found, or cannot be completely
resected, combined oral treatment with phosphate (2–3 mg/
day), calcium, and calcitriol (1,25-(OH)2-vitD3) is recom-
mended, with phosphate monitoring, a treatment similar to
that used in X-linked hypophosphatemia. The cause of the
dismal evolution of our second case is unknown. The per-
sistent metastatic disease occurring in this patient main-
tained the analytical alterations and ultimately was the
cause of her death. Bone pain and muscle weakness
decrease with this therapy, although the symptoms do not
completely disappear. In patients with gastrointestinal
intolerance to oral phosphate, potassium phosphate iv can
be administered, together with oral calcium and vitamin D
[2, 3, 11, 16]. However, the risk–beneWts of this approach
should be assessed because iv phosphate can cause throm-
bophlebitis, hypocalcemia, right ventricular calciWed
thrombus and nephrocalcinosis. Another complication of
treatment with phosphate and vitamin D administered for
lengthy periods is tertiary hyperparathyroidism, which
develops in 5% of cases. The proposed mechanism for this
complication is that exogenous phosphate stimulates para-
thyroid activity through calcium sequestering [6, 13].
Administration of massive doses of 1�-OH-D3 and dihydro-
tachysterol and isolated administration of either phosphate
or 1,25-(OH)2-vit D3 are rarely eVective.

Unresected tumors that express somatostatin receptors
(easily determined with octreotide scan) may be treated with
somatostatin analogs, which result in a slight improvement
of symptoms, and according to some studies even correct
the phosphate and alkaline phosphatase levels. Seufert et al.

Table 1 Causes of osteomalacia and rickets

1. Vitamin D alterations

Vitamin D deWciency

Renal failure

1�-hydroxylase deWciency (type I vitamin D-dependent rickets)

Host anomalies (type II vitamin D-dependent rickets)

2. Hypophosphatemia unrelated to vitamin D

Oncogenic osteomalacia

Acquired tubulopathies (e.g., Fanconi syndrome)

Hereditary hypophosphatemic rickets

Excessive ingestion of anti-acids

3. Mineralization inhibitors

Hypophosphatasia

Chronic acidosis

Aluminum intoxication

Fluor

Etidronate

4. Miscellaneous

DeWcient calcium ingestion (children)

Axial osteomalacia

Imperfect Wbrogenesis
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[10] have reported that some tumor samples analyzed with
RT-PCR showed overexpression of somatostatin receptor
subtype 2 mRNA and weak or absent expression of sub-
types 1, 3, 4 and 5. The discovery of somatostatin receptor
subtype 2 expression provides the molecular basis for the
positive status on octreotide scanning and the clinical
response to octreotide therapy. This is because subtype 2
shows the highest aYnity for octreotide among the Wve iso-
forms. The remission of renal phosphate loss with octreo-
tide therapy may suggest that FGF23 secretion by the tumor
is modulated through somatostatin receptors [10].

In the majority of patients with osteogenic osteomalacia,
the prognosis is excellent, reXecting the benign nature of
the process in most cases. Nonetheless, one of our patients
with this condition presented recurrent metastatic disease
with a fatal outcome.
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