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What is already known on this topic?

The central point of treatment in hyperphosphatemic familial tumoral calcinosis (HFTC) is to control the serum phosphorus level. In
addition to low phosphate diet, medical therapies including phosphate binders, calcitonin, bisphosphonates, calcium channel blockers,
corticosteroids, acetazolamide, probenecid and colchicine, have been used in different combinations. However, their success is variable
and the main concern is the limited resolution of tumoral calcifications. Finally, topical sodium thiosulfate (STS) has been found to be
effective only in superficial soft-tissue calcifications.

What this study adds?

We found a novel homozygous mutation in FGF23 in a patient with HFTC and also used a new combined therapy with topical STS and
acetazolamide. Deep soft-tissue calcifications resolved completely with this treatment, with no relapse for three years. The findings
in our case suggest that the combination of topical STS and acetazolamide added to phosphate-lowering agents may be effective in
resolving deep soft-tissue calcifications in HFTC.

Abstract

Hyperphosphatemic familial tumoral calcinosis (HFTC) is a rare autosomal recessive disorder. Topical sodium thiosulfate (STS) and
acetazolamide can be a safe and effective treatment for patients who do not respond to conventional therapy for ectopic calcifications.
We report the successful treatment of deep soft-tissue calcifications with topical STS and acetazolamide in a boy diagnosed with HFTC
due to a novel homozygous mutation of FGF23.
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in three genes, including fibroblast growth factor 23
(FGF23), polypeptide N-acetylgalactosaminotransferase
3 (GALNT3), and klotho (KL). Serum FGF23, encoded by
FGF23, is responsible for the inhibition of both sodium
phosphate cotransporter

Introduction

Hyperphosphatemic familial tumoral calcinosis (HFTC)
(OMIM 211900) is a rare autosomal recessive disease

characterized by decreased renal phosphate excretion,

in proximal renal tubules

hyperphosphatemia, and tumor-like subcutaneous soft-
tissue calcifications around large joints. This disorder is
caused by inactivating autosomal recessive mutations

and lo- hydroxylase enzyme expression. So, FGF23
increases urinary phosphate excretion while decreasing
serum 1.25-dihydroxy vitamin D [1.25(0H),D] level.
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Klotho, a co-receptor protein encoded by KL, together
with FGF23 receptor should be intact to elicit these
effects of FGF23. GALNT codes the enzyme named
UDP-N-acetyl-alpha-D  galactosamine or polypeptide
N-acetylgalactosaminyltransferase-3. This enzyme protects
intact FGF23 from enzymatic degradation. Therefore,
any mutations in GALNT3 lead to a decrease in serum
FGF23 level. The net effects of these three intact genes
are to decrease serum phosphorus and 1.25(0H),D levels.
However, any inactivating mutation in these genes causes
hyperphosphatemia and elevated serum 1.25(0H),D
level due to decreased renal tubular phosphate excretion
and increased respectively
(1,2,3,4). Serum calcium, alkaline phosphatase, and
parathyroid hormone levels in the patients with HFTC
are typically normal. Therefore, HFTC is considered to be
the biochemical mirror of disorders that lead to excessive
serum FGF23 levels, such as tumor-induced osteomalacia,
X-linked hypophosphatemic rickets, and autosomal
dominant hypophosphatemic rickets (5).

lo-hydroxylase activity,

The treatment of HFTC is not standardised. The main
components of treatment are low phosphate diet and
drugs that bind phosphate or promote phosphate excretion
from the kidneys. However, clinical response to these
treatments is quite variable, and the medical treatment
of ectopic calcifications can be difficult with conventional
treatment (5,6). Surgical intervention can be performed
in subjects with functional impairment or severe pain,
but it is not routinely undertaken because calcinosis often
recurs (7).

Here, we report the successful treatment of deep soft-
tissue calcifications with topical sodium thiosulfate (STS)
and acetazolamide in a boy diagnosed with HFTC due to
a novel homozygous mutation of FGF23. The findings in
this case suggest that the combination of topical STS and
acetazolamide added to phosphate-lowering agents may
be effective in resolving deep soft-tissue calcifications in
HFTC.

Case Report

A 15-year-old boy who was followed up by the orthopedic
clinic presented with a new, painful and progressive swelling
in his right hip for a year. Surgical resections were performed
four times in the last five years due to similar swelling in his
left hip and both elbows. Histopathologic examination of
the tissues was reported as tumoral calcinosis. He was not
receiving any medical treatment. There was no history of
fever, polyuria, kidney stones or fractures. His parents were
third degree relatives. The rest of his family background was
unremarkable. At admission, body weight and height were
46.0 kg [-1.8 standard deviation (SD)] and 157.5 cm (-1.8
SD), respectively. Physical examination revealed a 4x5 cm
firm swelling in the right hip, which caused pain and limited
hip range of motion with passive movements. Except for
the surgical scars on the relevant joints, other examination
findings were unremarkable. Laboratory tests, including
complete blood count, urogram, blood gases, serum
glucose, blood urea nitrogen, creatinine, sodium, potassium,
magnesium, calcium, alkaline phosphatase, parathormone,
25-hydroxy vitamin D, liver and thyroid function tests, and
spot urine calcium/creatinine ratio were within normal
limits. Serum phosphorus level was 7.8 mg/dL (N=2.5-5.0
mg/dL) (Table 1). X-ray and magnetic resonance imaging
examination confirmed the extra-osseous calcification
(Figures 1A, 2A, and 3A). Genetic analysis of GALNT3 gene
was normal. However, FGF23 exon | analysis revealed a
novel homozygous guanine-to-cytosine transversion at
position 162 (c.162G>C), resulting in a novel glutamine
(Q)-to-histidine (H) amino acid substitution at position 54
(p.Q54H) (Figure 4). The parents were heterozygous for the
same variant and their clinic and laboratory findings were
normal. A low-phosphate diet and an oral phosphate binding
agent, sevelamer (40 mg/kg/d, three doses), were given. At
the end of one year of this treatment, although the patient
had good compliance with the conventional therapy, the
size of the swelling did not regress or worsen, new lesions
did not develop, and serum phosphorus level was 6.1 mg/dL
(Table 1). At that time, oral acetazolamide (20 mg/kg/d) and

Table 1. Biochemical markers on admission and under therapy

P (mg/dL) ALP (IU/L)

PTH (pg/mL) 25(OH)D (ng/mL) Spot urine Ca/Cr

Follow up Ca (mg/dL)

On admission (low phosphate diet and sevelamer 10 7.8
was started)

12 months later (acetazolamide and STS cream 9.8 6.1
were added to the therapy)

15 months later (continued with low phosphate 9.3 4.2
diet + sevelamer, and acetazolamide + STS cream

were stopped)

51 months later (low phosphate diet + sevelamer) 9.2 3.9

186 18.9 20.2 0.06
165 28.2 19.5 0.06
93 32 20.5 0.04
102 35 21 0.02

Ca: calcium, P: phosphorus, ALP: alkaline phosphatase, PTH: parathyroid hormone, 25(0OH)D: 25-hydroxy vitamin D, Cr: creatinine, STS: sodium thiosulfate
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a topical cream consisting of STS (Na,S,0,) dispersed into a
Galen’s cerate (cold cream, from 4/96 to 10/90 wt/wt) were
added to the therapy. A thin layer of cream was applied over
the swelling twice a day. The mass disappeared dramatically
both clinically and radiologically after 3 months (Figures 1B,
2B, and 3B). The patient tolerated this treatment well and
no side effects were detected. At that time, acetazolamide
and topical STS treatments were discontinued while low
phosphate diet and sevelamer treatments were continued.
Three years later, there was still no calcification or newly
developed lesion on the radiograph of the right hip (Figure
1C). The laboratory tests performed at first admission were
repeated at each visit and serum phosphorus levels were
within normal limits (Table 1).

Discussion

Figure 2. (A) Frontal plan magnetic resonance imaging showing
soft tissue calcification around the right hip before the treatment
(white arrows). (B) 3 months after topical STS and acetazolamide

STS: sodium thiosulfate

In most cases with deep soft-tissue calcifications due to
HFTC, the therapeutic effects of drugs are either negligible
or short-lived. Given these disappointing results, the
combination of topical STS and acetazolamide added to
phosphate-lowering agents, as in our case, appears to
provide a promising contribution in resolving deep soft-
tissue calcifications. Additionally, this case report broadens
the spectrum of FGF23 mutations.

FGF23, encoded by FGF23, is the primary regulator of
extracellular phosphate concentration. FGF23 synthesized
in bone is released into the circulation and causes urinary
phosphate excretion by acting on the proximal renal tubule.
In addition, FGF23 decreases renal production of 1 .25(0OH),D
by inhibiting 1a-hydroxylase, thereby reducing intestinal
phosphate absorption. Activating mutations in FGF23 are

Figure 1. (A) Soft tissue calcification on the anteroposterior — Figure 3. (A) Horizontal plan magnetic resonance imaging
radiograph of the right hip before the treatment (black arrows).  showing soft tissue calcification around the right hip before the
(B) 3 months after topical STS and acetazolamide. (C) 36 months treatment (black arrows). (B) 3 months after topical STS and
after acetazolamide and topical STS treatments were stopped acetazolamide

STS: sodium thiosulfate STS: sodium thiosulfate
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inherited in an autosomal dominant manner and lead to
configurational changes that prevent inactivation of intact
FGF23, resulting in autosomal dominant hypophosphatemic
rickets. On the other hand, the mode of inheritance of
inactivating mutations in FGF23 is autosomal recessive
and they cause inadequate FGF23 production, resulting in
HFTC (1,8). A cytosine substitution for guanine at position
162 (c.162G>C) in FGF23 exon 1 has been reported as a
likely pathogenic heterozygous variant, coded rs193922701
in Clinvar and Mutation Taster databases for autosomal
dominant hypophosphatemic rickets. However, our patient
was homozygous for the same variant and this resulted in
glutamine (Q)-to-histidine (H) amino acid substitution at
position 54 (p.Q54H) and clinical and laboratory findings
consistent with HFTC. In addition to these results, Garringer
et al (9) reported the transversion of cytosine to adenine
at position 160 (c.160C > A) in FGF23 exon 1 of a patient
with HFTC, resulting in glutamine (Q)-to-lysine (K) amino
acid substitution at position 54 (p.Q54K). All these findings
suggest that this codon encoding glutamine amino acid
in FGF23 exon 1 is sensitive to base changes. In order to
evaluate the pathogenicity of the novel variant, we used
in silico prediction tools, mutation databases (Human
Gene Mutation Database and Clinvar), allele frequency in
population studies [1000 Genome, Genome Aggregation
Database (gnomAD)], segregation analysis and American
College of Medical Genetics and Genomics criteria (10). We
identified that this variant had not been found in genomAD
and that its site had been a highly preserved region across
species. We performed segregation analysis to establish
the risk of disease for this variant and found that p.Q54H
could segregate with the disease phenotype by causing
the neutral-polar acidic amino acid to be replaced with a
basic one. To the best our knowledge, our patient is the first

bp 44350 bp

Exon number. 1
Amino acid coding number: 54
chr12:4488538-4488878

Figure 4. Sequence analysis of FGF23. A novel homozygous
guanine-to-cytosine transversion at position 162 (c.162G>C),
resulting in a novel glutamine (Q)-to-histidine (H) amino acid
substitution at position 54 (p.Q54H)
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case with HFTC resulting from a novel mutation (p.Q54H;
c.162G > C) of FGF23.

Data on the optimal treatment of HFTC are very limited.
This is because HFTC is a very rare disease and there are
no randomized clinical trials. All the treatments described
are derived from case reports or small case series with
varying success rates, possibly due to heterogeneous patient
population and non-standardized methods. In addition,
the criteria for success in treatment are highly variable.
Some studies focus on the treatment effect on tumoral
calcification size and symptomatic improvement while
others focus on laboratory measurements such as changes
in serum phosphate or urinary phosphate excretion (11).
The central point of treatment in HETC is to control the
serum phosphorus level and reduce pain. Unless calcinosis
causes the restriction of joint motion, surgery is not
recommended because of frequent relapses. In addition to
low phosphate diet, medical therapies including phosphate
binders, calcitonin, bisphosphonates, calcium channel
blockers, corticosteroids, acetazolamide, probenecid and
colchicine have been used in different combinations. They
have variable and limited success in completely resolving
tumoral calcifications due to not adhering to the difficult
dose regimen (4,5,12). At the beginning of the treatment,
we used a low phosphate diet and sevelamer as a phosphate
binder. This approach prevented the progression of the
swelling size and the formation of new tumors for a year.
However, it failed to reduce the tumor size. Therefore, we
added oral acetazolamide and topical STS to the treatment.
Acetazolamide, a carbonic anhydrase inhibitor, causes
phosphaturia by inducing proximal renal tubular acidosis (5).
The exact mechanism of topical STS is unknown. However,
it is suggested that STS induces calcium removal through
chelation by creating metabolic acidosis and inhibits crystal
formation and vascular calcification (6,13). The first study in
which topical STS was used for the local treatment of ectopic
calcifications in HFTC patients was published in 2016 (6). In
that study the ratio of STS dispersed into a Galen’s cerate was
from 10/90 to 25/75 wt/wt and no acetazolamide was used.
The authors realized that topical STS alone might be effective
for superficial soft tissue calcifications, but not deep ones.
We used acetazolamide to take advantage of its synergistic
effect in combination with lower doses of topical STS (4/96
to 10/90 wt/wt) and found that this combined therapy was
effective to completely eliminate deep soft-tissue tumoral
calcifications in three months. This combination was also
effective in keeping serum phosphorus levels within normal
limits. These findings suggest that topical STS dosage
should be determined individually, based on response to
previous treatments, and topical STS may be more effective
for deep soft-tissue calcifications when combined with
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acetazolamide. The optimal duration of topical STS therapy
has not been established and there are no data on possible
relapse after cessation of therapy. However, our case shows
that a 3-month treatment is sufficient to remove the lesions.
In addition, despite the discontinuation of acetazolamide
and topical STS treatments, no new calcification occurred
for three years under low phosphate diet and sevelamer
treatment. It seems reasonable to continue low phosphate
diet and sevelamer therapy and to preserve acetazolamide
and topical STS treatments for possible new or recurrent
calcifications. However, it should be kept in mind that
our findings are observational and the clinical course of
the patient cannot be fully explained with this treatment.
Therefore, prospective, controlled, multicenter studies
are required to verify treatment efficacy and optimize the
treatment procedure in children with HFTC.

Conclusion

In conclusion, this report broadens the spectrum of FGF23
mutations. The soft-tissue calcifications in patients with
HFTC may be difficult to treat with conventional drugs. At
this point, topical STS and acetazolamide may be a safe
and effective treatment. The dose of topical STS should be
adjusted individually and its use with acetazolamide may
be more effective in resolving deep soft-tissue calcifications.
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