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ARTICLE INFO ABSTRACT

Keywords: Excess fibroblast growth factor 23 (FGF23) causes hypophosphatemic osteomalacia, which is associated with
Burosumab impaired bone matrix mineralization. Tumor-induced osteomalacia (TIO) is a rare paraneoplastic syndrome
Tumor-induced os-teomalacia caused by over-secretion of FGF23 from a tumor. Burosumab, a fully human monoclonal antibody with activities
ggzoPhOSphatem‘a against FGF23, was initially approved in Japan before the rest of the world for treatment of FGF23-associated
Osteocalcin hypophosphatemic osteomalacia by TIO. We report here a patient with a 15-year history of non-remission

TIO initially treated with conventional therapy who was then switched to burosumab treatment. Persistent
hypophosphatemia and a relative low level of osteocalcin (bone Gla protein, BGP) compared with bone alkaline
phosphatase (BAP) level, indicating poor matrix mineralization, developed during long-term conventional
therapy. Repeated surgical and stereotactic body radiation treatments did not result in complete resection of the
causable tumor, and bone mineral density (BMD) gradually decreased. Ultimately, burosumab treatment was
administered and the serum Pi concentration immediately normalized, while both BGP and BMD also showed a
good response. This is first known case report of the detailed efficacy of burosumab for nonremission TIO as an

Bone mineral density

alternative to conventional therapy.

1. Introduction

Tumor-induced osteomalacia (TIO), or oncogenic osteomalacia
(OOM), is a rare paraneoplastic syndrome caused by over-secretion of
fibroblast growth factor 23 (FGF23) from a tumor (Minisola et al.,
2017). FGF23 is a hormone secreted from bone known to reduce serum
phosphate (Pi) by inhibiting proximal tubular Pi reabsorption and in-
testinal Pi absorption through a decrease in serum 1,25-dihydroxyvita-
min D (1,25(0H);D) (Shimada et al., 2004). In adults,
hypophosphatemia caused by excess FGF23 can induce a condition
known as osteomalacia, which is also associated with impaired bone
matrix mineralization (Nawrot-Wawrzyniak et al., 2009).

TIO is curable by resection of the causative tumor, usually located in
the skin or soft tissues, or bone sites (Folpe et al., 2004). However, the
tumor is typically difficult to identify and some cases, especially those
with bone tissue-involved tumors, persist or relapse after tumor resec-
tion (Li et al., 2020). For patients with a tumor that cannot be localized

or who are not eligible for surgery, conventional therapy with oral
phosphate supplementation and active vitamin D metabolites or analogs
is recommended (Yin et al., 2018). However, those therapies do not
address the underlying pathophysiology of TIO, leading to limited
therapeutic response related to poor compliance, because multiple daily
drug administrations are required that lead to adverse gastrointestinal
effects. In addition, serious long-term complications from conventional
therapy, such as hypercalciuria, nephrocalcinosis, hyperparathyroidism,
and chronic kidney disease, necessitate frequent monitoring and dose
titration. Thus, safer and more efficacious therapies that are more easily
adhered to are needed (Schindeler et al., 2020). In December 2019,
burosumab, a recombinant fully human IgG1 monoclonal antibody that
inhibits FGF23 activity, was first covered by insurance in Japan before
the rest of the world for treatment of FGF23-associated hypo-
phosphatemic osteomalacia by TIO. Unfortunately, except for a case
report presented in the United States (Day et al., 2020) and an interim
analysis of a phase 2 trial in Japan and Korea (Imanishi et al., 2020),
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little is known about the precise effects of burosumab in patients with
nonremission TIO encountered in daily clinical practice.

Herein, we report a patient with a 15-year history of nonremission
TIO who had been treated with conventional therapy. After switching to
burosumab treatment, successful outcomes for bone metabolism were
noted in this case.

2. Case report

A 58-year-old male was diagnosed at 41 years of age with a cranial
base tumor and underwent a craniotomy for resection. He had no past
medical history except that directly related to the tumor, and there was
no family history of rickets or osteomalacia. At the age of 43 years, the
patient experienced generalized bone pain, and laboratory tests showed
hypophosphatemia (1.9 mg/dL, normal range: 2.5-4.3 mg/dL) with
elevated bone alkaline phosphatase (BAP) (34.7 pg/L, 3.7-20.9 pg/L)
and low osteocalcin (bone Gla protein, BGP) (7.6 ng/mL, 8.4-33.1 pg/L)
levels, indicating poor matrix mineralization (Table 1). At that time, a
bone scan revealed a marked uptake of multiple foci throughout the
whole skeleton, while dual energy x-ray absorptiometry (DXA) using the
Hologic QDR 4500A DXA system (Hologic Inc., Marlborough, MA, USA)
showed lumbar spine (LS) and femoral neck (FN) bone mineral density
(BMD) T-scores of —1.2 and —1.9, respectively. Together with histo-
logical findings of the resected tumor consistent with a benign phos-
phaturic mesenchymal tumor (Fig. la—c), the patient was diagnosed
with TIO.

Conventional therapy with oral phosphate supplementation and
alfacalcidol was started, and the patient was referred to the Department
of Endocrinology, Osaka City University Hospital, for continuing treat-
ment for TIO. Thereafter, we performed multiple surgical and stereo-
tactic body radiation therapy procedures, though were not able to obtain
a complete resection. Magnetic resonance imaging of the head demon-
strated remnant tumor lesions with bone destruction, resulting in non-
remission TIO (Fig. 1d). Debulking of the tumor with conventional
therapy improved the symptoms, increased serum Pi levels to the lower
end of the normal range, and normalized BAP serum levels (Table 1). On
the other hand, BMD was only temporarily improved (LS T-score, —0.9;
FN T-score, —1.2) and then gradually decreased over a 10-year period
(LS T-score, —1.7; FN T-score, —1.8) (Fig. 2).

Based on progression of bone loss and difficulties with adherence to
the prescribed medication, it was decided to switch the patient to sub-
cutaneous burosumab (0.3 mg/kg) every four weeks. At that time,
prescribed medication included alfacalcidol at 2.5 pg once daily, phos-
phate supplementation at 0.25 g five times a day, amlodipine at 5 mg
once daily, bezafibrate at 200 mg twice daily, and allopurinol at 100 mg
once daily. Physical findings were height 158.2 cm, weight 59.5 kg, BMI
25.4 kg/m?, pulse rate 68/min and regular, BP 146,/92 mmHg, and body
temperature 35.6 °C. Laboratory results upon admission showed hypo-
phosphatemia (2.2 mg/dL), with normal calcium (9.1 mg/dL, 8.8-10.1
mg/dL), creatinine (Cr) (0.82 mg/dL, 0.50-1.10 mg/dL), bicarbonate
(25.3 mmol/L, 22.0-26.0 mmol/L), whole PTH (37.3 pg/mL, 8.3-38.7
pg/mL), and 1,25(0H),D (44 pg/mL, 20-60 pg/mL) levels, along with
decreased 25-hydroxycholecalciferol (14.4 ng/mL, cut-off value: 20 ng/
mL) and elevated FGF-23 (56 pg/mL, cut-off value: 30 pg/mL). Baseline
levels of serum ALP (106-322 U/L), BAP, and tartrate-resistant acid
phosphatase-5b (TRACP-5b, 170-590 mU/dL) (157 U/L, 10.4 pg/L, 247
mU/dL, respectively) were within normal ranges used at our laboratory,

Table 1
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while serum BGP level (4.8 ng/mL) was persistently low (Table 1). Urine
biochemistry revealed a 24-hour urine calcium excretion of 122 mg and
tubular maximum reabsorption of phosphate per unit of glomerular
filtration rate (TmP/GFR, 2.3-4.3 mg/dL) of 1.78 mg/dL.

Serum and second-void urinary samples were collected in the
morning after an overnight fast at any time point. Ca, Pi, Cr, and ALP in
serum, as well as urinary Ca, Pi, and Cr levels were determined using an
enzymatic method with a Hitachi 7450 autoanalyzer (Hitachi Co.,
Tokyo, Japan). TmP/GFR is an indicator of urinary Pi reabsorption, and
was calculated using serum and second voided urine data, as previously
described. Serum whole PTH was determined using an immunoradio-
metric assay (Scantibodies Laboratory, Inc., Santee, CA, USA). Radio-
immunoassay findings were used to measure serum 1,25(OH);D
(Immunodiagnostic Systems, England). A 25-hydroxyvitamin D 125I
RIA Kit (DiaSorin S. P. A, Saluggia, Italy) was utilized to determine
serum 250HD concentration. Serum FGF23 levels were measured using
the Human FGF-23 ELISA kit (Kinos, Tokyo, Japan). BAP concentration
was determined using an EIA kit (Alkphase-B; Metra Biosystem, Moun-
tain View, CA, USA). Serum TRACP-5b was determined using a
fragment-absorbed immunocapture enzymatic assay (Osteolinks
TRACP-5b; DS Pharma Biomedical, Osaka, Japan) (Masaki et al., 2020;
Miyaoka et al., 2020). Additionally, serum BGP was measured by ECLIA
(N-MID Osteocalcin; Roche Diagnostics GmbH, Germany) (Schmidt-
Gayk et al., 2004).

Fig. 3 shows changes in serum Pi, Tmp/GFR, and serum 1,25(OH)5D
levels during the 6-month period after starting burosumab treatment.
Following that initiation, serum Pi level was normalized on day 3 (3.8
mg/dL) along with normalization of TmP/GFR (3.1 mg/dL) and an
elevated 1,25(0H),D level (80 pg/mL). Those parameters continued to
rise to reach maximum levels on day 7 (4.2 mg/dL, 3.6 mg/dL, 146 pg/
mL, respectively), then remained above the lower end of the normal
range (3.5 mg/dL, 3.6 mg/dL, 52 pg/mL, respectively) at six months
after starting burosumab. Of importance, the LS-BMD T-score (—1.7)
increased to —1.3 after three months and then to —1.1 after six months
of treatment, while the FN-BMD T-score (—1.8) was maintained (Fig. 2).
In addition, serum BGP level (4.8 ng/mL) was increased to above the
lower end of the normal range at four months (12.3 ng/mL) and then
stabilized at six months after starting burosumab treatment (11.6 ng/
mL), while the serum BAP level (10.4 pg/L) remained stable at six
months (9.9 pg/L) (Table 1). At follow-up examinations after beginning
burosumab, no notable side-effects including renal function impairment
or tumor progression were seen.

3. Discussion

We report here a patient with a 15-year history of nonremission of
TIO who was initially treated with conventional therapy, followed by
successful burosumab treatment. Persistent hypophosphatemia and low
BGP level were notable during long-term conventional therapy due to an
elevated FGF-23 level. Unfortunately, complete resection of a known
remnant tumor could not be performed and BMD gradually decreased.
After switching to burosumab treatment, serum Pi concentration was
immediately normalized along with other successful outcomes,
including remarkable improvements in both BGP and BMD.

An unpublished open-label single-arm phase 2 trial conducted in the
United States provided the only findings of burosumab for TIO until the
recent study presented by Imanishi et al. (2020), which presented an

Longitudinal view of serum BGP and BAP values prior to and after initiation of burosumab.

Event Admission Conventional surgical and radiation therapies Burosumab initiation Normal range
Entire follow-up period X — 15 years X — 10 years X — 5 years X year X + 4 months X + 6 months

BGP (ng/mL) 7.6 4.1 3.3 4.8 12.3 11.6 8.4-33.1

BAP (pg/L) 34.7 14.2 14.7 10.4 - 9.9 3.7-20.9
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T1-weighted image T2-weighted image

Fig. 1. Histological images of resected specimen showing a benign phosphaturic mesenchymal tumor.

Hematoxylin and eosin staining. (a) Blood vessels (indicated by arrows) are seen admixed with collections of small spindle-shaped tumor cells. (b) Dystrophic
calcification (indicated by circles) and (c) multinucleated giant cells (indicated by arrows) are present. Low and high magnification bars represent 50 pm (400x
original magnification) and 20 pm (1000x original magnification), respectively. (d) Magnetic resonance imaging of the head showing remnant tumor lesions with

bone destruction (indicated by circles).
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Fig. 2. Changes in lumbar and femoral BMD T-scores over time. Black and white arrows indicate dates of surgeries and stereotactic body radiation procedures,

respectively.

interim analysis conducted as part of a multicenter open-label intra-in-
dividual dose-adjustment study of burosumab in Japanese and Korean
patients with TIO (n = 13). During the course of that 96-week study,
burosumab treatment was well tolerated and resulted in improved mean

serum Pi, TmP/GFR, and serum 1,25(OH),D. In addition, bone scan and
bone histomorphometry findings related to osteomalacia assessed by
paired bone biopsy samples showed evidence of improved bone quality
and fracture healing over 48 weeks. Although the present patient did not
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Fig. 3. Time course of changes in pharmacodynamic parameters following burosumab therapy.

fulfill the inclusion criteria of that study, as serum FGF-23 level was only
56 pg/mL, lower than the minimum allowed >100 pg/mL, the results for
serum Pi, TmP/GFR, and serum 1,25(0H),D in the present case were
similar. Additionally, while the mean adjusted dose was approximately
1.0 mg/kg in that previous study, the present patient was able to
maintain normalization of serum Pi with the initial dose of 0.3 mg/kg
given every four weeks, suggesting that burosumab has potential to
restore normal phosphate levels dependent on serum FGF23 level and
provide benefit to patients with TIO in clinical settings.

In the present case, BMD was only temporarily improved after
debulking of the tumor, then gradually decreased over a 10-year period
under conventional therapy. Following previous single case reports
(Zimering et al., 2005; Umphrey et al., 2007; Piemonte et al., 2014),
Colangelo et al. (2020) recently presented longitudinal changes of BMD
in patients with TIO successfully treated by surgery. Seven patients were
followed for a mean period of 52.0 + 26.9 months after surgical removal
of the tumor and each showed a striking increase in BMD value, which
peaked at 26.7 + 6.5 months after the surgical operation then leveled
off. The authors concluded that successful surgery in patients with TIO
results in a striking increase in BMD as a consequence of massive
mineralization of osteoid tissue, thus surgery continues to represent the
ideal treatment. On the other hand, in cases with nonremission TIO,
there is no evidence that conventional therapy with oral phosphate
supplementation and active vitamin D metabolites or analogs improves
BMD. Thus, we consider that burosumab can be considered as a valid
alternative for patients who have causative tumors that are difficult to
resect surgically. Furthermore, in the present case, LS-BMD was
noticeably improved after burosumab treatment, the same as in the
recent report of Imanishi et al. (2020).

In our case, a discrepancy between serum BAP (normal) and serum
BGP (low) level was observed during long-term conventional therapy
after tumor resection, suggesting mineral and bone abnormalities due to
excess FGF-23 that remained persistent. It has been well established that
serum BGP does not move in parallel with BAP activity in some types of
metabolic bone disease. BGP is a major member of a noncollagenous
protein family found to be associated with mineralized matrix, and its
synthesis and secretion were reported to be stimulated by 1,25(0H);D
and serum BGP, thus reflecting mineralization rather than osteoid syn-
thesis (Stein et al., 1996). In other studies of patients with TIO, BGP
values were reported to be low in those with hypophosphatemic osteo-
malacia (Ros et al., 2005), while serum BGP was initially increased at
two weeks after tumor resection, reaching a maximum value after eight
weeks, then gradually decreased (Shane et al., 1997). Together with our
finding that a low serum BGP level was increased to above the lower end
of the normal range after burosumab treatment in the present case,

burosumab may have potential to improve impaired bone matrix
mineralization.

To the best of our knowledge, this is the first report of detailed effects
of burosumab in a patient with nonremission TIO noted in daily clinical
practice. The results of this case indicate that burosumab may have
potential to restore phosphate level to normal, and also improve low
BGP and BMD levels, suggesting its good effect on mineralization of
osteoid tissue, the same as shown following successful surgery. Although
evidence regarding long-term efficacy and safety has yet to be estab-
lished, we speculate that burosumab therapy will become adopted
worldwide as an alternative to conventional therapy for nonremission
TIO.
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