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Abstract
A 38-year-old man presenting with long bone/rib fractures was diagnosed with tumor-induced os-
teomalacia (TIO) caused by a giant cell tumor in the right foot with normal systemic fibroblast
growth factor-23 (FGF23) levels. Multiple imaging modalities done initially and one year later were
unable to localize the tumor. New-onset foot pain discovered a right foot mass with resolution of
metabolic abnormalities post-surgery. Sampling from both femoral veins showed an elevated
FGF23 value on the right side. This case is unique in that the patient had a normal systemic FGF23
level even with severe clinical manifestations of TIO.
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Introduction

Tumor-induced osteomalacia (TIO) is a rare disease, which
causes hyperphosphaturia and hypophosphatemia with in-
appropriately normal or low 1,25-dihydroxyvitamin D. Slow-
growing benign mesenchymal or mixed connective tissue
tumors are typically responsible for the syndrome, although
other histologic types including carcinomas and sarcomas
have been associated with it. The clinical manifestations
are often profound, and most patients are debilitated by
this condition.

TIO is often a diagnostic challenge due to the small size
and slow growth of the tumor [1]. The time from the onset
of symptoms to diagnosis is usually 2 to 4 years, which
can lead to a delay in diagnosis [2]. Once diagnosed, the
localization of the tumor may take an average of another
additional 5 years [3]. It is important to localize the tumor
as resection is curative [4].

TIO is thought to be secondary to overproduction of a
phosphaturic agent, and the commonly described and
characterized agent is fibroblast growth factor-23 (FGF23)
[5]. Most cases of TIO are accompanied by elevated levels
of FGF23. Studies have shown that selective venous
sampling (SVS) of FGF23 have assisted in tumor localiz-
ation [6–9]. We report a case of TIO with normal systemic
levels of FGF23.

Case report

A 38-year-old man was referred to endocrinology clinic
from the emergency department where he presented

with worsening bilateral shoulders, hips, knees and upper
and lower back pain with general weakness, fatigue and
difficulty with ambulation for past 6 months. His symp-
toms existed for 2.5 years prior to presentation, and he
sought medical consultation as he had no relief from over
the counter pain medication.
On examination, the patient had diffuse bony and mus-

cular tenderness. X-rays of the limbs and chest showed
diffuse osteopenia with partially healed fracture of the
right proximal tibia, old healed fracture in the right fibula
and multiple rib fractures. He denied any history of
trauma.
Extensive blood work showed a serum phosphorus of 1.4

(2.5–4.5 mg/dL), alkaline phosphatase of 332 (50–120 U/L),
25OH vitamin D was 23 (32–100 mg/mL), 1,25-
dihydroxyvitamin D was 29.5 (10–75 pg/mL) and PTH was
61.9 (6.5–65 pg/mL). Serum cortisol, testosterone and
thyroid function tests were normal. Tissue transglutami-
nase and gliadin antibodies were negative. Bone densito-
metry showed T-scores of −3.9, −3.6 and −1.6 in the
lumbar spine, left femoral neck and right femoral neck,
respectively urine analysis did not reveal any evidence of
Fanconi’s syndrome. Urine from a 24-h collection did not
show any hypercalciuria (103 mg/24 h); however, the frac-
tional excretion of phosphorus (FeP04) was elevated at
25% (reference value 5–20%), confirming an isolated renal
phosphate-wasting syndrome. FGF23 was sent to the Mayo
Clinic, and the process of localization was initiated. Com-
puted tomographs (CT) of the neck and chest and positron
emission tomograph (PET) scan were unremarkable. Oc-
treoscan revealed uptake in the left pelvic area, which on
CT imaging corresponded to a left pelvic kidney. There was
no visualized mass, but an inferior pubic rami fracture and
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osteopenia in the visualized bones were seen. FGF-23 levels
were normal: 86 RU/mL (0–180 RU/mL). A repeat FGF23
level done 3 months later was again normal: 114 RU/mL.

Eight months after presentation, he developed a right
proximal ulnar and mid-shaft radial and talar fracture. His
weakness was progressive, and he needed a cane for
support and ambulation. The patient was started on oral
phosphorus and vitamin D supplementation, but he contin-
ued to have persistent symptomsminimally ameliorated by
analgesics and his phosphorus level remained low ranging
from 1.4 to 2.1 mg/dL. Imaging (Octreoscan and PET scan)
was repeated 1 year after presentation and again did not
localize the tumor. Blood samples for FGF23 drawn from
right and left arms were within the normal range: 142 and
155, respectively (0–180 RU/mL). The patient had worsen-
ing back pain ∼18 months after presentation, and CT chest
showed extensive compression deformities in the visual-
ized thoracic and lumbar spine but showed no tumor. The
patient was fitted with a Jewitt brace for spine support and
progressed to a walker for assistance in ambulation. Bone
densitometry, 20 months after the initial bone densitome-
try, showed worsening T-score at all sites.

On a routine clinic visit, 24 months after presentation, he
was noted to be limping more than usual. He complained
of increasing pain in the right leg and new onset right foot
sole pain. Examination revealed a vague soft tissue promi-
nence in the right anterior plantar area. CT scan of the right
foot revealed a lobulated soft tissue density at the plantar
aspect, between the right second and third proximal pha-
langes measuring 1.7 × 1.6 cm (Figure 1). Serum FGF23
levels from left and right femoral vein were drawn, and sur-
gical excision was arranged. Final pathology showed a
giant cell tumor of the tendon sheath measuring 5.0 × 1.5
× 0.8 cm (Figure 2). An FGF 23 level from the right femoral
vein showed an elevated value of 202 and a normal value
of 145 on the left femoral vein (0–180 RU/mL)

One week postsurgery, serum phosphorus level normal-
ized, FePo4 was 5% and phosphorus supplementation was
reduced by 50% and discontinued 3 weeks later. His mus-
cular and bone pains improved by week 2, and he was
able to walk without support 3 months later. Repeat DEXA
scan done 1 year postsurgery showed improvement in
bone density at all sites.

Discussion

TIO shares the same pathophysiology as hypophosphate-
mic osteomalacia, X-linked hypophosphatemic rickets (XLH)
and autosomal dominant hypophosphatemic rickets
(ADHR) [10]. In these conditions, there is renal phosphorus
loss due to increased plasma levels and activity of FGF23. In
XLH, the underlying defect is a mutation in the phosphate-
regulating endopeptidase homolog X-linked (PHEX) gene,
which encodes an enzyme that regulates FGF23 synthesis
and/or degradation. In ADHR, the underlying defect is acti-
vating missense mutations in FGF23 gene making FGF23
resistant to proteolysis with resultant increased plasma
level. In TIO, there is overproduction of FGF23 by the tumor
and this cannot be adequately degraded by PHEX resulting
in phosphaturia [11].

FGF23 is a member of a large family of FGFs that are
synthesized by osteocytes. It was cloned as a causative
factor for TIO in 2001 [5]. Prior to this, it was identified as
a responsible agent for ADHR [10]. FGF23 is a phosphaturic
hormone that reduces renal phosphate reabsorption by
suppressing the expression of type 2a and 2c sodium-
phosphate co-transporter in the proximal tubules. It also
reduces serum 1,25(OH)2D by inhibiting 1-α-hydroxylase
enzyme. Thus, it reduces serum phosphate by suppressing
proximal tubular and intestinal phosphate absorption
[12]. Most tumors that over-express FGF23 causing TIO are
classified as phosphaturic mesenchymal tumor, and it is
not clear why these tumors over express FGF-23 [13].

A search for an underlying tumor should be aggressively
pursued in TIO as resection can be curative. Tumors re-
ported to cause TIO are hemangiopericytoma, odonto-
genic fibromas and giant cell tumor of the tendon sheath.
They are commonly found in the craniofacial area and ex-
tremities located in variety of soft tissues and skeletal
sites. In a case series from China consisting of 39 patients,
majority were phosphaturic mesenchymal tumor (27
patients) [14].

Various imaging modalities have been used to localize
the responsible tumors. Routine radiographs, ultrasono-
graphy, CT, MRI, Whole body 99TC sestamibi scanning, oc-
treotide scan and 99Tc MIBI SPECT have been used for
localization [7, 15, 16]. However, localization may be diffi-
cult as most tumors may be small, slow-growing and
located in an unusual anatomical site [15]. Delay in diag-
nosis, with some reports of more than a decade, is not
unusual. In our patient, multiple imaging modalities were
negative even when repeated after 1 year of follow-up.

Even if a tumor is localized by imaging, or if there are
multiple masses in different locations, one cannot be sure
which tumor is responsible for increased production of
FGF23. Several investigators have reported the clinical
utility of selective venous sampling (SVS) for preoperative
localization in such cases [6, 8, 17, 18]. This is most useful
in subjects with multiple suspicious sites or an anatomi-
cally challenging resection [17]. In one study, SVS
suggested the region of tumors responsible for the TIO,
and a dedicated imaging of the area with the high or
highest FGF23 was successful in tumor localization in 8 of
10 patients [6].

Most cases reported in the literature have an elevated
level of FGF23. In our patient, FGF23 levels repeated
several times were normal over a 1-year period (86, 114,
142 and 155 RU/mL, respectively). Despite this, our suspi-
cion for TIO was high. His ‘normal’ FGF23, when inter-
preted in light of his serum phosphorus concentration, is

Fig. 1. CTright foot—coronal view. Lobulated soft tissue density, between the
second and third proximal phalanges at the plantar aspect of the right foot.
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inappropriately normal and should not exclude TIO as the
cause of hypophosphatemia. Although we were unable to
do a complete SVS for FGF23 in our patient due to techni-
cal reasons, we were able to demonstrate a gradient
difference between the right and left lower extremity.

This case illustrates the discordance between clinical
presentation and diagnostic testing clinicians encounter
in clinical problem solving. Despite repeated normal sys-
temic FGF23 levels, we were convinced that this presen-
tation was consistent with TIO rather than an inherited
disorder or Fanconi’s syndrome. This was proven by the
elevated FGF23 in the extremity where the tumor was
located and resolution of his signs and symptoms after
tumor resection.
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