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A Patient of Tumour Induced Osteomalacia Undiagnosed for 11
years
Nikhil Gokhale1, Yojana Gokhale 2, Pravin Mahajan3

Abstract
We report a 45 years old woman, bedridden due to severe bone pain, back pain,
multiple spontaneous fractures over 10 years. She had low serum Phosphates.
We detected a swelling in her right groin and suspected tumour induced
osteomalacia. Resection of the tumour led to reversal of metabolic bone disease.
Patient became ambulatory within 6 weeks of tumour resection.

Introduction

T

umor-induced osteomalacia (TIO) is
a rare paraneoplastic syndrome in
which patients present with bone pain,
fractures, and muscle weakness. 1 TIO
also known as oncogenic osteomalacia
results from abnormal phosphate
metabolism caused by small endocrine
tumours that secrete the phosphaturic
hormone, fibroblast growth factor 23
(FGF23).2 FGF23 later inhibits resorption
of phosphates from proximal renal
tubules, leading to renal phosphate loss
and hypophosphatemia. 3 resulting in
defective bone mineralization. These

are generally mesenchymal tumors
of extremities, sinuses, mandible,
maxilla and thorax. 4 They are benign,
slow growing, and predominantly
of phosphaturic mesenchymal
t u m o r o f m i x e d c o n n e c t i ve t i s s u e
(PMTMCT).2 The biochemical
markers of oncogenic osteomalacia
include hypophosphatemia,
hyperphosphaturia, decreased tubular
phosphate reabsorption, increased
serum alkaline phosphatase in the
presence of normal calcium, 25(OH)
vitamin D, and normal or slightly
elevated serum PTH. 5 Due to lack
of knowledge of the existence of the
disease, the length of time from onset
of symptoms until diagnosis is often
long. 1 As a result, patients frequently
present with multiple fractures, height
loss, and generalized debilitated status.
But when the tumour is resected,
there is dramatic resolution. FGF23
has a half life of approximately 45
min and disappears rapidly from the
circulation 6. A TIO-like syndrome can
also be seen in association with other
diseases such as prostate cancer, oat
cell cancer, hematologic malignancies,
neurofibromatosis, epidermal nevus
syndrome, and polyostotic fibrous
dysplasia of bone. 7

Case
A 45 year old female presented
with history of progressive back pain,
generalized body pain for 11 years
and inability to walk due to which she
was bedridden for 3 years. Her back

Fig. 1: Swelling in right inguinal region

pain started in 2005. She presented to
us in March 2016, but had destroyed
all medical records out of frustration.
She underwent spinal instrumentation
in 2007 for spontaneous vertebral
fracture without any relief. In 2010 the
implants were removed. She developed
progressive painful difficulty in walking
and three years prior to her present
visit she was bedridden. She had to be
physically lifted for bathing, toilet etc.
On examination, patient was in severe
distress, had scoliosis, surgical scar in
the lumbar region, deformed proximal
forearms, all bones were tender, she
could actively raise her leg to only 5
degree and did not allow passive SLR
or hip rotations due to pain. Power
at shoulder was 4/5 and at hips 3/5,
Deep tendon reflexes were 2+, plantars
flexors and sensations preserved. On
systemic examination there was 5x5
cm swelling in right groin (Figure 1)
extending up to labia majora, it was soft
to firm, nontender, without impulse
on coughing. On inquiry she said it
started as a pea size swelling in right
labia majora in 2004 and progressed to
its present size. Fine needle aspiration
cytology of the swelling was performed
and she was told it was benign, report
was missing. Investigations (Table 1)
revealed low serum phosphates, normal
Calcium, 25-OH-D and intact PTH,
raised Alkaline phosphatase. The blood
pH was normal (no acidosis) and Serum
Creatinine 0.5mg/dl. Twenty four hour
urinary P was 102.5mg (33.107 mmol/L)
and Creatinine was 297 mg (26.254
mmol/L). Calculated Fractional Tubular
resorption of phosphate (TRP) 0.89 and
The ratio of the renal tubular maximum
resorption rate of phosphate to the
glomerular filtration rate (TmP/GFR)
0.49 mmol/L
Her skeletal survey revealed
severe osteopenia with multiple
stress fractures (Figure 2 A, B, C)
viz. bilateral femur neck, Bilateral
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ulna, L5 compression with fish mouth
vertebrae and multiple ribs. Patient was
started on Oral phosphate supplement
1.5gm/d, Calcium Carbonate 500mg/d
and Inj Vit D3. Surgical resection of the
tumour was planned.
Multislice CT scan of abdomen
and pelvis revealed a large lobulated
hypodense lesion in the labia majora on
the right side showing predominantly
marked peripheral enhancement on
arterial/portovenous phase with no
evidence of calcification/enhancing
mural nodule- possibility of cystic
neoplastic. Liver normal. No signigicant
Table 1: Baseline investigations
Patient’s values
Hemoglobin

13.6 gm/dl

WBC

7000

ESR

50

S creatinine

0.5 mg/dl

S Ca

8.9 mg/dl

SP

1.6 mg/dl

Alkaline phosphatase

475

25-OH-D

30.6

PTH intact

46

Blood pH

7.43

Na

137

K

3.4

Cl

103

HCO3

22.5

24 hour urinary P

102.5 mg/24 hr

24 hour urinary creatinine

297 mg/ 24 hr

Creatinine phosphokinase

50 U/L

Thyroid function test

Normal

RA test & anti-CCP

Negative

SGPT

47

TRP
TmP/GFR

0.89
0.49 mmol/L

(A)

lymphadenopathy.
T h e t u m o u r wa s r e s e c t e d w i t h
in 2 weeks, measured 5x4x3cm. On
microsopy, it was composed of spindle
and short oval cells in oedematous
stroma in which foci of osteoclastic
giant cells are scattered. The cellular
portions of the tumour line pseudocystic
tumour. The less cellular areas show
large vascular spaces, reported as
‘Phosphoturic mesenchymal tumour’
(Figure 3). Six weeks post operatively
she was without pain, could walk with
support, actively raise legs to 90 degree.
Serum Calcuim 9 mg/dl, P 4mg/dl and
at 12 weeks postoperatively, she could
walk without support, Serum Ca 8.6mg/
dl, P 4.3 mg/dl

Discussion
TIO should be suspected in patients
who present with consistent symptoms
(bone pains, stress fractures and muscle
weakness) and with hypophosphatemia,
and approach should be as follows:
1. If hypophosphatemia is present,
the presence of renal phosphate wasting
should be confirmed by calculating
percent tubular reabsorption
o f pho sp h a te ( % TR P) a n d tu b u l a r
maximum for phosphate corrected for
glomerular filtration rate (TmP/GFR).
2. Hypophosphatemia may be due
to genetic or acquired cause. In a child
genetic/ familial conditions like X-linked
hypophospatemic rickets (XHL) or
autosomal dominant hypophosphatemic
rickets (ADHR), autosomal recessive
hypophosphatemic rickets (ARHR)

(B)

and hereditary hypophosphatemic
rickets with hypercalciuria (HHRH),
Fanconi syndrome are more likely, 8
though there are reports of TIO in
paediatric age group too 9,10 . Where
as in adults with symptomatic
hypophosphtemia, acquired causes
like TIO are more likely and a thorough
search for the tumour, clinical and
by PET-CT or Octreoscan should be
performed. Other causes of acquired
hypophaspatemic osteomalacia may be
renal tubulopathy due to drugs, heavy
metals, paraproteinaemias. 11 Serum
FGF23 is high in TIO and low in renal
tubulopathies. In patients presenting in
childhood or adolescence short stature,
history of bow legs in relatives, urinary
loss of Ca, amino acids should be
looked for, followed by genetic studies.
The diagnostic approach for suspected
TIO should be as depicted in Figure 4.
Calculation of Renal phosphate
wasting 12: (%TRP and TmP/GFR)
%TRP = 100 x { 1 – [ (Up/ Pp) x (Pcr
/ Ucr )] }
[Concentrations of urine and plasma
phosphate (Up and Pp), Concentrations
of urine and plasma creatinine (Ucr
and Pcr )]
When phosphates are normal tubular
resorption is 85-95% 7
TmP/GFR can be determined using
a nomogram or calculated as follows
: The formula used to calculate TmP/
GFR is dependent on the value of TRP
(< /> 0.86)
If TRP is < 0.86 (86%); then

(C)

Fig. 2: (A) X-ray Hip, AP view, Bilateral femur neck stress fracture, (B) X-ray right forearm stress fracture ulna, (C) X-ray Lumbosacral spine : fish
mouth vertebrae
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Table 2: Normal ranges for tubular maximum for phosphate
corrected for GFR
Age

Fig 3

Fig. 3: Microphotograph of the tumour: spindle and short oval
cells, foci of osteoclastic giant cells (black arrow)

TmP/GFR = TRP x plasma phosphate
(Pp)
If TRP is >0.86 (86%); then
TmP/GFR = 0.3 x TRP/(1-0.8xTRP)
x (Pp)
One should use correct units for
serum and urinary phosphat and
creatinine. If there is no urinary
phosphate wasting in a patient with
hypophosphatemia, the values for TRP
and TmP/GFR will be high. In TIO
and other causes of renal phosphate
wasting, these values are abnormally
low. 7 Table 2 depicts normal range of
TmP/GFR for various age and gender.
In our patient TmP/GFR was 0.49 mmol/
lit, ie very low. After confirming renal
phosphate wasting as the etiology for
hypophosphatemia, additional lab
tests that can be helpful in making the
diagnosis of TIO are 1,25- vitamin D
level(low or inappropriately normal),
calcium and PTH (usually normal). One
can estimate serum FGF23 level in adult
patients, (not performed in our patient,
due to non-availability), for confirming
FGF23 dependent phosphate wasting.
Genetic testing (PHEX, FGF23, DMP-1,
ENPP1) is important in paediatric
and adolescent patients. In adults,
after narrowing the diagnosis to TIO,
ask the patient if she/he has noticed
any new ‘lumps’, a careful physical
examination including oral cavity
should be performed, as the tumors that
cause TIO can sometimes be found in
the subcutaneous tissue or jaw.
Localizing studies : (Functional
imaging followed by anatomical
imaging) 7
As tumors can arise in bone or
soft tissue, occur from head to toe,
and are typically very small in size,
locating these tumors is often quite
challenging. A step-wise approach
is advocated. Functional imaging
with FDG-PET/CT is very sensitive to
localize, tumours of TIO, however, it is
non-specific and may detect metabolic

Male mg/dl (mmol/l)

Female mg/dl (mmol/l)

Newborn

5.7-8.1 (1.27-2.59)

5.7-81. (1.27-2.59)

1 month-2 years

3.6-5.4 (1.15-1.73)

3.6-5.4 (1.15-1.73)

2-12 years

3.8-5.0 (1.22-1.60)

3.8-5.0 (1.22-1.60)

12-16 years

3.4-4.6 (1.09-1.47)

3.4-4.6 (1.09-1.47)

16-25 years

3.33-5.9 (1.07-1.89)

3.18-6.41 (1.02-2.05)

25-45 years

3.09-4.18 (0.99-1.34)

2.97-4.45 (0.95-1.42)

45-65 years

2.78-4.18 (0.89-1.34)

2.72-4.39 (0.87-1.40)

65-75 years

2.47-4.18 (0.79-1.34)

2.47-4.18 (0.79-1.34)

activity in a healing fracture. Another
important functional imaging modality
is 111 Indiumoctreotide scintigraphy,
ideally combined with single photon
emission CT and CT. In either case
emphasis should be placed on making
sure these imaging tests cover the entire
body, from head to toe, including the
hands and feet.
Once suspicious lesions have been
identified with functional imaging,
one should proceed to anatomical
imaging to confirm the location of the
tumor, with X-rays, CT, and/or MRI.
Usually functional and anatomical
scan is successful in locating tumour
in TIO, but in case where there is
doubt, selective venous sampling or
aspiration, from suspicious lesion with
estimation of FGF23 can be used for
confirmation, prior to surgical excision.
Despite functional imaging, total body
MRI, tumor localization may not be
successful. If this is the case, imaging
studies should be repeated, every 1-2
years, in hopes that a tumor may be
more evident with time.

Treatment
Surgical excision with a wide margin
is the treatment of choice after localizing
the tumour.1 Serum P normalizes within
days, confirming the diagnosis of
TIO. Clinical improvement depends
on initial condition of the patient, but
generally occurs over weeks to months,
as in our patient. Recurrence of tumour
is seen in <5% patients.

Medical treatment7
When the tumor cannot be localized
or is not surgically resectable,
medical therapy with phosphate
supplementation(15-60mg/kg, ie 1-3gm
/d, in 4-6 divided doses) and calcitriol
(15-60 ng/kg, ie 1.5microgm/d, starting
dose) is indicated. Goal of therapy is
to achieve at least ‘low-end of normal
for age-appropriate normal range of
phosphorus’. Phosphate supplements
cause GI upset, to minimize them, give

small frequent doses along with meals.
A baseline ultrasound examination of
kidneys and three monthly monitoring
of Serum P, Ca, urinary Ca/ Creatinine,
Urine for occult blood (if U Ca/Cr
ration >0.2), and dose adjustment
of Calcitriol to avoid hypercalciuria
and nephrocalcinosis is important. If
Serum P is low increase Phosphate
supplement, if serum Ca is low give
Ca supplement, if PTH is high increase
Calcitriol. The dose at which Serum P
and PTH are in target and Urine Ca/
creatinine is < 0.2 should be maintained.
Other drugs used in medical treatment
of TIO are Cinacalcet 2 (an agonist
of Calcium sensing receptor ) and
Octerotide (somatostatin analog).
Robert McCance (1947) is often
credited 13 with the first reported case
of TIO. The first person to clearly
recognize that the disease was the
result of a ‘rachitogenic’ substance was
Andrea Prader 14. In 1959, he described
an 11 1⁄2-year-old girl who developed
severe rickets over the course of a year.
Her investigations revealed decreased
tubular phosphate reabsorption but
otherwise normal kidney function.
A tumor, classified as a giant cell
granuloma, was identified in a rib
and resected with resultant healing
of her rickets. Prader highlighted the
association between the resection of
the tumor and the cure of the rickets
and posited that the granuloma was
secreting a rachitogenic substance.
The first identification of FGF23 as
the putative phosphatonin was when
mutations in FGF23 were identified
by Econs 15 in the autosomal-dominant
hypophosphatemic rickets (ADHR)
consortium as the cause of ADHR.
Once identified as the cause of ADHR,
elevations in serum FGF23 were soon
found in TIO by White 16 in 2001. The
discovery of FGF23 has paved the
way toward a better understanding of
the pathophysiology and treatment of
TIO and has also provided a window
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indicated considering severe disability
caused by the condition and its potential
reversibility.
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Conclusion
TIO is a rare debilitating but
curable condition and physicians
should consider it while evaluating
patients with osteomalacia and low
serum phosphates. Thorough search
for tumour, clinical as well as with
functional and anatomical imaging is
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