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Abstract: Tumor-induced osteomalacia (TIO) can cause osteomalacia due to excessive production of fibroblast growth factor 23
(FGF23) by the tumor. Since TIO is a very rare disease, it is often misdiagnosed as intervertebral disc herniation, spondyloarthritis, or
osteoporosis. We report a 65-year-old man who developed generalized arthralgia and difficulty walking two years ago and was
diagnosed with multiple fractures throughout his body. He was initially diagnosed with osteoporosis and was treated with calcitriol.
However, he was referred to our hospital since his symptoms did not improve. We diagnosed tumor-induced osteomalacia based on
low serum phosphorus, high bone-type alkaline phosphatase, high FGF23 levels, and the presence of two tumors. The responsible
tumor was identified using FGF23 levels in venous sampling. As the location of the tumor made surgical resection difficult, we
selected treatment with burosumab, a human monoclonal antibody against FGF23, leading to improvement in the hypophosphatemia
and pain, such that he was able to walk with a cane. In cases of osteoporosis with hypophosphatemia, general physicians should keep
TIO in mind, and attempt to identify the responsible tumor lesion.
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Introduction

Rickets/osteomalacia causes bone fractures and bone pain due to impaired calcification of bone and cartilage. Tumor-
induced osteomalacia (TIO) results from excessive production of fibroblast growth factor 23 (FGF23) by a tumor, leading
to hypophosphatemia. FGF23 is a hormone produced in bone that suppresses the expression of type 2a and 2¢ sodium—
phosphate cotransporters in renal tubules and inhibits proximal tubular phosphate reabsorption.'” In addition, FGF23
reduces serum 1.25-dihydroxyvitamin D [1,25 (OH)2 vitamin D] levels by modifying the expression of vitamin
D-metabolizing enzymes.' Since 1.25 (OH)2 vitamin D increases intestinal phosphate absorption, increased FGF23
reduces serum phosphate levels by inhibiting both renal tubular phosphate reabsorption and intestinal phosphate
absorption.! TIO is a rare paraneoplastic disease, in which most of the primary tumors are classified as benign
phosphaturic mesenchymal tumors.®> TIO is often misdiagnosed as intervertebral disc herniation, spondyloarthritis, or
osteoporosis, because of its rarity and its under-recognition by clinicians.* Therefore, delayed diagnosis of TIO is
common in clinical practice.

Here, we report a case of TIO that was initially diagnosed as osteoporosis. Although the tumor responsible for TIO
was identified by venous sampling, the patient was treated using burosumab, a human monoclonal antibody that blocks
the action of FGF23, because surgical resection was not possible. In cases of hypophosphatemia in patients with
osteoporosis, general physicians should keep TIO in mind and attempt to identify the responsible tumor.

Case Report
A 65-year-old man with independence in activities of daily living (ADL) and no remarkable medical history presented
with generalized joint pain. Approximately two years prior to visiting our department, he began experiencing right ankle
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joint pain and right hip-thigh pain when walking uphill. As the pain intensified, walking became progressively more
difficult, and he experienced several falls. About 8 months before his visit to our hospital, he visited his previous
physician because the pain had spread to almost all of his joints. Examination revealed multiple fractures of the sacrum,
vertebrae, and ribs, low vitamin D levels, and low bone mineral density (Dual energy X-ray T scores of —4.3 SD) in the
femoral bone. He was diagnosed with osteoporosis, and calcitriol treatment was started. However, he was referred to our
hospital because his symptoms did not improve despite rehabilitation and administration of calcitriol and analgesics. At
that time, he complained of pain in his hip joints, knees, ankles, ribs, and other parts of his body during exertion, such as
standing up and walking. Neurological examination did not reveal any abnormal findings. Manual muscle testing (MMT)
of his upper and lower limbs indicated a muscle strength of 5/5. His gait was somewhat steady with a walker, but he was
not able to walk long distances even with a cane.

We suspected osteomalacia because blood tests showed low phosphorus (1.58 mg/dL, reference range: 2.7-4.6 mg/
dL), high alkaline phosphatase (ALP) (724 U/L, reference range: 38—113 U/L), high bone-type ALP (70.6%, reference
range: 25-59%), low 1.25 (OH)2 vitamin D (21 pg/mL, reference range: 20-60 pg/mL) and low 25 (OH) vitamin D (9.7
ng/mL, reference range: >20 ng/mL) levels (Table 1). Urinary phosphorus reabsorption was decreased (ratio of maximal
tubular reabsorption of phosphate to glomerular filtration rate, TmP/GFR 1.6 mg/dL, reference range: 2.3—4.3 mg/dL).
PTH-intact levels and renal function were within the reference range, ruling out primary hyperparathyroidism and renal
failure. As his serum FGF23 level was high (108.0 pg/mL; reference range: <30 pg/mL), a diagnosis of FGF23-related
hypophosphatemic osteomalacia was made. Based on his medical history, we determined that his condition was likely
acquired rather than congenital, and therefore attempted to identify the responsible tumor. Upper and lower gastro-
intestinal endoscopy revealed no specific findings. Contrast-enhanced computed tomography (CT) revealed a 6 x 4 mm
tumor on the anterior surface of the right scapula, and a 13 mm tumor in the right parotid gland (Figure 1a). '*FDG PET/
CT showed FDG accumulation at the same site as the tumors on the anterior surface of the right scapula (SUVmax 3.5)
and in the right parotid gland (SUVmax 6.3) (Figure 1b), although qualitative evaluation and tumor differentiation were
difficult with "*FDG PET/CT. Somatostatin receptor scintigraphy was also performed, although no abnormal accumula-
tions were observed. The otorhinolaryngology and orthopedics departments were consulted regarding performing tumor

Table | Baseline Laboratory Findings

Parameters Values Units Reference Range Parameters Values Units Reference Range
<Biochemistry> <CBC>

AST 19.4 u/iL 13-30 WBC 6900 /uL 3300-8600
ALT 19.4 U/L 1042 RBC 4.77x10° /uL 4.35-5.55x10°
LDH 144 uU/L 124-222 Hb 14.7 g/dL 13.7-16.8
y-GTP 51.9 u/L 13-64 Ht 427 % 40.7-50.1
ALP 724 UL 38-113 Plt 324x10° /uL 158-348x 10°
Bone-type ALP 70.6 % 25-59 <Endocrinology>

Alb 4.17 g/dL 4.1-5.1 TSH 0.89 ulU/mL 0.50-5.00
BUN 12.3 mg/dL 8.0-20 FT3 3.15 pg/mL 2.3-40
Cre 0.54 mg/dL 0.65-1.07 FT4 1.21 ng/dL 0.90-1.70
eGFR 114.9 mL/min/1.73 >60 PTH-intact 46 pg/mL 10-65

Na 140.8 mEq/L 138-145 1,25 (OH)2 Vit D 21 pg/mL 20-60

K 4.08 mEq/L 3.6-48 25 (OH) Vit D 9.7 ng/mL >20

Cl 107.2 mEq/L 101-108 FGF23 108 pg/mL <30

Ca 8.43 mg/dL 8.8-10.1

P 1.58 mg/dL 2.7-46

CRP 0.14 mg/dL 0-0.14

TmP/GFR 1.68 mg/dL 2343

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTP, gamma glutamyl transpeptidase; ALP, alkaline phosphatase; Alb, albumin; BUN,
blood urea nitrogen; Cre, creatinine; eGFR, estimated glomerular filtration rate; CRP, C-reactive protein; PTH-intact, intact parathyroid hormone; CBC, complete blood
count; WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; Ht, hematocrit; LDH, lactate dehydrogenase; PIt, platelet; TSH, thyroid-stimulating hormone; FT3, free
trilodothyronine; FT4, free thyroxine; PTH, parathyroid hormone; 1.25 (OH)2 Vit D, 1.25-dihydroxy vitamin D; 25 (OH) Vit D, 25-hydroxy vitamin D; FGF23, fibroblast
growth factor 23; TmP/GFR, ratio of maximal tubular reabsorption of phosphate to glomerular filtration rate.
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Figure | (a) Contrast-enhanced CT from the cervical to pelvic region revealed a 6x4 mm tumor on the anterior surface of the right scapula and a |3 mm tumor in the right
parotid gland (indicated by circles). (b) '®FDG PET/CT showed FDG accumulation on the anterior surface of the right scapula (SUVmax: 3.5) and in the right parotid gland
(SUVmax: 6.3) (indicated by circles).

biopsy; however, needle biopsy of the parotid gland provided insufficient sample volume to make a diagnosis. Although
total tumor excision is necessary for pathological diagnosis, excision of the tumor in the right parotid gland was deemed
to carry a high risk of facial nerve palsy, and the approach to the tumor in the right anterior scapula for excision would
have been difficult. Therefore, it was necessary to identify the responsible tumor before surgical intervention.

To identify the responsible tumor, venous sampling of FGF23 levels was performed at 26 locations throughout the
body, which revealed significantly high FGF23 levels in the right subclavian vein (Figure 2a). However, since the
external jugular vein feeds parotid tumors and external jugular venous sampling was not performed, it was not possible to
identify the responsible tumor. Therefore, venous sampling was performed again in the upper body, including the external
jugular vein (Figure 2b). Since the FGF23 level was significantly higher in the subclavian vein than the right external
jugular vein, the responsible tumor was identified as the tumor on the anterior surface of the scapula.

Three months later, follow-up contrast-enhanced CT showed that the right parotid tumor had shrunk slightly, but the
tumor on the anterior surface of the right scapula had increased to 11 x 7 mm. Although the orthopedics department was
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Figure 2 (a) FGF23 levels obtained in the first venous sampling. The values are shown in pg/mL. FGF23 was highest in the right subclavian vein. (b) Second venous sampling showed
that FGF23 was higher in the right subclavian vein than in the right external jugular vein, suggesting that the tumor on the anterior surface of the scapula was the responsible tumor.

consulted regarding surgical treatment, it was concluded that surgery should not be performed because of the high risk of
nerve damage and postoperative pain, so treatment with burosumab was selected.

Since it was difficult for the patient to live alone at home, he was transferred to another hospital for rehabilitation.
After the first dose of burosumab, his phosphorus level improved to 2.5 mg/dL, and the knee joint and lumbar pain also
tended to improve. Figure 3 shows the subsequent changes in phosphorus levels, which gradually increased with each

Serum phosphorus level
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Week after the initiation of burosumab

Figure 3 Subsequent changes in serum phosphorus levels. Burosumab was administered once per month and phosphorus measurements were performed 2 weeks after
each administration. Serum phosphorus levels were observed to increase after the first dose of burosumab, and subsequently remained within the normal range from
the second dose onwards.
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dose, remaining above normal limits from the second dose onwards. Serum calcium levels also remained normal. With
progressive improvement of the pain, the patient was able to walk with a cane. After the fourth dose of burosumab, he
was well enough to be discharged to home. On the follow-up contrast-enhanced CT 6 months later, the tumor on the
anterior surface of the right scapula had slightly enlarged to 11 x 10 mm. At this time, based on shared decision-making,
our patient selected monitoring of tumor size by imaging rather than surgery for its treatment. We plan to continue
treatment with burosumab, with follow-up contrast-enhanced CT to monitor for tumor progression. Written informed
consent was obtained from the patient for publication of this case report.

Discussion

We experienced a case of TIO that was initially diagnosed as osteoporosis. Subsequently, low serum phosphorus, high
bone-type ALP, and high FGF23 levels led to the suspicion of FGF23-related hypophosphatemic osteomalacia. Two
tumors were identified on imaging, and the tumor responsible for TIO was subsequently determined by venous sampling.
TIO should be suspected in patients with musculoskeletal symptoms, difficulty in walking, and low serum phosphorus
levels.*

TIO is a very rare condition that typically presents with non-specific symptoms, such as fatigue, bone pain, and
musculoskeletal weakness. Therefore, most cases of TIO are initially misdiagnosed as intervertebral disc herniation,
spondyloarthritis, or osteoporosis.* In addition, the diagnosis of TIO is often missed despite hypophosphatemia, as seen
in our case. In fact, a previous study showed that 43.1% of cases of hypophosphatemia observed on laboratory charts
were neglected and the diagnosis was missed.* Furthermore, only 11.8% of TIO patients were tested for serum
phosphorus levels at the initial visit.* Hypophosphatemia and elevated alkaline phosphatase can be important diagnostic
clues for TIO.

Detection of the responsible tumor in TIO is sometimes difficult because the tumor might be small and can appear
anywhere in the body, mainly in bone and soft tissue. In a report of 895 cases of neoplastic osteomalacia, the median
diameter of the tumor was 27 mm, the smallest diameter was 5 mm, and the limbs were the most common tumor site
(46.4%), followed by the head and neck (25.7%).> Tumors in the scapular region, as in our case, have also been
reported.®” CT and magnetic resonance imaging (MRI) failed to detect the culprit tumors in several studies, although
these imaging modalities are generally recommended when planning for surgery.® In addition to anatomical imaging,
such as CT and MRI, functional imaging, such as 18FDG-PET/CT and SSTR imaging (octreotide scan and 68Ga-
DOTATOC, -DOTANOC, DOTATATE PET/CT), are useful for localization of the responsible tumor in TIO.>? Recently,
PET/CT using 68Ga was considered to have the best diagnostic performance,>>*° with one report showing that 68Ga-
DOTATATE PET/CT has a sensitivity of 100% and specificity of 90.9%.' However, most facilities, including our
hospital, lack the equipment for performing this imaging.

To determine whether the tumors identified by these imaging modalities actually produce FGF23, venous sampling to
examine the FGF23 levels is useful.® In particular, when multiple tumors are identified on imaging, as in our case, it is
useful for identifying the tumor responsible for the TIO.>'! Although it was not possible to identify the responsible tumor
from imaging data alone, we suspected the tumor in the right parotid gland as being the responsible tumor, because it was
larger in diameter and demonstrated higher FDG accumulation. However, venous sampling revealed that the responsible
tumor was actually the tumor on the anterior surface of the right scapula rather than the tumor in the parotid gland.

The first choice of treatment for TIO is surgical removal of the tumor. When surgery is difficult due to inability to
localize the tumor or for other reasons, treatment with phosphorus and vitamin D supplementation is the second choice,
although it is associated with the risk of nephrocalcinosis, nephrolithiasis, hypoadrenocorticism, and hypercalciuria.*'?
Since 2018, burosumab has become clinically available in Europe and other countries for the treatment of X-linked
hypophosphatemia in children.'® Furthermore, burosumab resulted in increased serum phosphorus levels and improved
fracture healing, bone pain, functional mobility, and health-related quality of life in patients with TIO in Phase 2
studies.'*'* In Japan, burosumab became clinically available for the treatment of FGF23-related hypophosphatemic
osteomalacia in February 2019."'° The efficacy of burosumab as an alternative to conventional therapy for non-remission
TIO in Japan was first reported by Miyaoka et al.'” However, there are only a few previous reports from Japan on the

efficacy of burosumab. In previous reports, burosumab treatment led to improvement of serum phosphorus levels,'®2°
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improvement of pain and physical performance,'®?°

partial healing of pseudofractures, and extension of the distance
covered in the 6-min walk test.'” In our case, improvement in pain allowed the patient to walk with a cane, which
facilitated his discharge to home. Although there are reports on the safety of long-term administration of burosumab,'® it
is still considered a novel drug and confirmation of its long-term therapeutic effects is needed. Additionally, since
treatment with burosumab does not eradicate the tumor, careful follow-up is necessary to monitor for tumor progression.

In conclusion, we experienced a case of TIO that caused whole-body joint pain. We suspected TIO in our patient
based on low serum phosphorus, high bone-type ALP, and high FGF23 levels. Two tumors were observed on imaging,
with the larger one suspected as being the tumor responsible for TIO. However, the actual tumor responsible for TIO was
identified by venous sampling of FGF23 levels. Venous sampling is considered especially useful when multiple tumors
are present. Although surgical resection was not possible in this case, the patient’s symptoms and ADL improved with
burosumab treatment. In cases of osteoporosis with hypophosphatemia and elevated alkaline phosphatase levels, TIO
should be considered in the differential diagnosis, and attempts should be made to find the culprit tumor using several
tools.
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