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Context: Hyperphosphatemic familial tumoral calcinosis (HFTC) and hyperphosphatemia hyper-
ostosis syndrome (HHS) are rare diseases characterized by hyperphosphatemia and ectopic calci-
fications or recurrent episodes of diaphysitis. In the setting of metabolic or inflammatory diseases,
recent data suggest that systemic administration of sodium thiosulfate (STS) could be effective in
the treatment of ectopic calcifications but may also be poorly tolerated (digestive symptoms,
metabolic acidosis). Our group developed a topical formulation of STS to treat ectopic calcifications
locally, therefore limiting patient exposure to the drug and its adverse effects.

Objective: We aimed at describing efficacy and tolerance for a topical formulation of STS in treated
patients.

Design: We performed a retrospective study wherein clinical, radiological, and biological data
before and after the application of the topical STS treatment were collected and analyzed.

Patients or Other Participants: Three patients admitted to 3 different hospitals with an ectopic
calcification secondary to HFTC or HHS were treated with topical STS.

Intervention: The topical STS was applied daily by the patients.

Results: A significant clinical and radiological decrease of ectopic calcifications was observed after
at least 5 months of treatment. The STS treatment was well tolerated and no clinical or biological
side effects were observed.

Conclusion: Topical STS appears to be a promising treatment for ectopic calcifications secondary
to HFTC or HHS. (J Clin Endocrinol Metab 101: 2810–2815, 2016)
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Hyperphosphatemic familial tumoral calcinosis (HFTC)
is a rare disease characterized by hyperphosphatemia

and ectopic extraosseous calcifications (1). Hyperphos-
phatemia hyperostosis syndrome (HHS), like HFTC, is also
characterized by hyperphosphatemia, but it involves recur-
rent episodes of diaphysitis instead of ectopic calcifications
(2). Someauthors suggest thatHFTCandHHCare2clinical
presentations of a same disease (3). Indeed, both HFTC and
HHS develop upon impaired urinary phosphate excretion
due to a loss of function in the fibroblast growth factor
(FGF)23 protein. This loss of FGF23 function may be due to
a direct mutation of the FGF23 gene, a mutation of the
GalNAc Transferase 3 (GALNT3) gene, which codes an en-
zyme responsible for FGF23 glycosylation (the polypeptide
N-acetylgalactosaminyltransferase 3), or a mutation of the
KLOTHO gene (KL), which is a cofactor necessary for the
action of FGF23 on its receptor. In 2011, Farrow et al re-
viewed 34 published cases of genetically confirmed HHS/
HFTC patients (1) but were not able to provide data on the
proportion of HFTC to HHS patients with no genetic mu-
tation identified, because only case reports have been pub-
lished so far.

Long-term outcomes of patients with HFTC or HHS
have not been thoroughly investigated, and concerns exist
about cardiovascular risks due to the occurrence of vas-
cular calcifications (4). As for midterm complications, pa-
tients may suffer from recurrent disease flares character-
ized by painful sc masses of ectopic calcifications. Beyond
symptomatic therapies such as painkillers and/or antiin-
flammatory drugs, there are no specific treatments for
these sometimes disabling complications. Two case re-
ports have been published suggesting a potential effect of
acetazolamide, due to the metabolic acidosis that it en-
genders (5, 6), but these preliminary data need to be con-
firmed in larger studies.

Sodium thiosulfate (STS) (Na2S2O3) is used to prevent
and treat cyanide poisoning (7). It is also known to limit
adverse effects of certain chemotherapies such as cisplatin
(8). More recently, several reports have suggested that STS
may be of interest in the treatment of ectopic calcifications
due to metabolic or inflammatory diseases (9, 10). The
most convincing data on a possible effect of STS on ectopic
calcifications come from animal studies (11), case reports
(12, 13), and 1 prospective open study (14) looking at the
treatment (either preventive or curative) of calciphylaxis
secondary to chronic renal failure. Initially used because of
its supposed chelating effect on calcium salts, STS could be
effective through other mechanisms of action as well, such
as hydrogen sulfide production, nitric oxide synthase re-
generation, endothelial protection (10), or even by block-
ing cell transdifferentiation (15, 16). Nevertheless, the
treatment has several important adverse effects that can

limit its use when administrated orally or iv. Digestive
symptoms (nausea, vomiting) can limit the tolerated dos-
age and diminish patient adhesion to the treatment (14).
Additionally, metabolic acidosis is regularly associated
with STS use and may be life threatening in some circum-
stances (17). Finally, studies conducted in rats or humans
have raised concerns about the effects of STS on bone
mineralization (11, 14). In order to limit general exposure
and adverse effects, some authors have report topical STS
treatment for microscopic dystrophic calcifications
mainly secondary to connective tissue diseases (9, 18–21).

In light of these data, our group developed a topical
formulation of STS to treat ectopic calcifications locally
and thus limit general exposure to the compound. We
proposed this topical STS to patients with ectopic calcifi-
cations secondary to hyperphosphatemic syndromes for
which no other therapeutic alternatives were available.
The topical STS was prepared and delivered by the Limo-
ges University Pharmacy upon physicians’ demands and
prescriptions, in accordance with French regulations.
Here, we report a retrospective analysis of the efficacy and
safety of this topical STS treatment as observed in 3 pa-
tients with HFTC or HHS.

Subjects, Materials, and Methods

Patients
Patient inclusion criteria were as follows: 1) presence of an

ectopic calcification secondary to HFTC or HHS; 2) treatment
with the topical STS provided by the Limoges University Hos-
pital Pharmacy; and 3) provision of written informed consent (by
the patient or his/her legal representative) authorizing the col-
lection and analysis of clinical, biological, and radiological data.

Treatment
The topical treatment used in the present study, composed of

STS dispersed into a Galen’s cerate (cold cream, from 10/90 to
25/75 wt/wt), was developed by the Limoges University Hospital
Pharmacy. The product remains stable for 6 months and is de-
livered in tubes that can be stored at room temperature (under
25°C). Its contraindications are known allergies to any of its
components or age under 3 years.

Study protocol
A sufficient amount of the topical STS was prepared when

prescribed by the physician and provided to the patient with
accompanying instructions for use. These latter indicated a once-
per-day evening application of a generous amount of the product
to the area to be treated, followed by gentle rubbing until the
product penetrated the skin. Five months of treatment were con-
sidered necessary for informative clinical and radiological eval-
uations. At least 5 months after the first delivery of the topical
STS, data on clinical and radiological efficacy and on tolerance
were collected retrospectively from the medical charts of the
patients. Patients’ adherence to the dosing instruction was not
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specifically checked except by oriented questions during planned
visits. Therefore, daily consumption of STS was estimated based
on the amount of STS delivered.

This study was approved by the Ethics Committee of Limoges
University Hospital.

Results

Patient 1 was a male child who presented at the age of 12
years with recurrent diaphysitis associated with hyper-
phosphatemia (Table 1). HHS was diagnosed after a ge-
netic analysis showed compound heterozygosity for the
GALNT3 gene (c.803_804insC or g.8761_8762insC and
IVS8�1G�A, c.1626�1G�A or g.16075G�A). Diet
limitation of phosphate intakes, as well as phosphate bind-
ers (calcium carbonate, sevelamer), was not effective in
lowering serum phosphate levels and was stopped after an
attempt of several months. Several years after that diag-
nosis, the patient presented again with a mass that had
rapidly appeared behind the right elbow with no specific
triggering event. X-ray examination confirmed an ex-
traosseous calcification, usually seen in HFTC phenotypes
(Figure 1A). Given the location of the lesion, and the lack
of significant functional impairment, surgical resection
was ruled out in favor of topical STS (10%); no other
additional treatment was prescribed. After 7 months, the
mass had disappeared clinically and dramatically dimin-
ished on x-ray confirmation (Figure 1B). The decision was
made to continue treatment for an additional 7 months.
During that period, a clinical mass reappeared behind the
elbow, secondary to a local traumatism, but disappeared
several months later. Overall, 1500 g of pomade (150 g of
STS) were delivered over a 13.4-month period, corre-
sponding to an average daily local application of 370 mg
of STS. The last radiological evaluation showed no sig-
nificant residual calcification (Figure 1C). This patient
case was described partially in a previous publication (22).

Patient 2 was a 10-year-old female who presented with
a history of sc calcifications (developed on a knee [Figure
1D] and a finger [Figure 1G]) since the age of 6.5 years.
The association of these calcifications with permanent hy-
perphosphatemia (Table 1) and inappropriate phospha-
turia led to the diagnosis of HFTC. Genetic diagnosis
failed to identify mutations in the FGF23 or GALNT3
gene. Her medical history was marked by a chronic pro-

gression of these calcifications, which proved unrespon-
sive to associations of sevelamer and lanthanum carbon-
ate. No specific phosphate diet limitation was prescribed.
The knee calcification eventually led to significant pain
with inflammatory characteristics, functional impairment
with an extension limitation (45°), and the need for mo-
bility aids. Thereafter, topical STS (25%) was imple-
mented on both calcifications. This treatment led to sig-
nificant skin and clinical improvements after 2 months at
both sites, with partial extravasation of calcified material
at the knee. At 3 months, the mobility aids were no longer
needed. Improvement was confirmed radiologically 5
months after the beginning of the topical treatment (Figure

Table 1. Biochemical Presentation of Patients at Diagnosis

Serum
Levels

Calcium
(mmol/L)

Phosphate
(mmol/L)

Parathormone
(pg/mL)

25 OH Vitamin
D (ng/m L)

Alcaline
Phosphatases (UI/L)

Patient 1 2.66 2.42 10.7 31.6 155
Patient 2 2.57 1.78 36 50 307
Patient 3 2.43 1.79 15 33 ND

Figure 1. Radiological evolution of the treated calcifications in the 3
reported patients. Patient numbers appear on the left. Time (in
months) since treatment initiation is indicated on each radiography.
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1E). At that time, knee mobility had been fully restored
and the calcifications reduced to small excoriations. Con-
sidering this good outcome and the residual calcifications,
topical STS treatment was extended for 8 additional
months. During that period, the finger calcification (Fig-
ure 1H) disappeared completely and the tumoral calcifi-
cation of the knee continued to decrease (by about a half),
including a significant improvement at the skin (Figure
1F). Overall, 800 g of pomade (200 g of STS) was delivered
over a 13-month period, corresponding to an average
daily local application of 513 mg of STS.

Patient 3 was a 42-year-old male who presented with ex-
traosseous calcifications and hyperphosphatemia (Table 1).
HFTC was confirmed by FGF23 gene analysis revealing ho-
mozygous mutations (c.211A�G or p.Ser71Gly). Treat-
ment with phosphate binders (sevelamer) and ketoconazole,
as well as diet prescription in order to reduce phosphate in-
takes, did not modify phosphate levels. At the time of diag-
nosis, the extraosseous calcifications comprised a plain le-
sion on the right side of the left tibia (Figure 1I) and a massive
(17 � 20 cm) heterogeneous lesion in the right buttock as-
sociated with a large cyst-like fluid-filled structure enclosed
by a thin calcified shell (Figure 1L). Other calcifications were
also present but clinically asymptomatic. A 4-month course
of daily topical STS (25%) was associated with the treat-
mentsmentionedabove.After this4-month regimen, clinical
and radiological evaluations showed a significant decrease
for the left tibia calcification but no significant modification
for the buttock lesion (Figure 1, J and M). Topical STS was
not renewed for this patient. Nonetheless, 3 months later,
there was a moderate additional reduction of the limb cal-
cification (Figure 1I), but no other modifications were ob-
served (Figure 1L). Overall, 400 g of pomade (100 g of STS)
was delivered over a 4-month period, corresponding to an
average daily local application of 833 mg of STS.

For all 3 of these patients, the topical STS was well
tolerated. There were no clinical or biological adverse ef-
fects (ie, hypocalcemia, metabolic acidosis) and no mod-
ifications in plasma phosphorus levels.

Discussion

Ectopic calcifications are frequent and potentially invali-
dating complications in HFTC or HHS. There are cur-
rently neither treatments for these calcifications nor de-
scriptions of spontaneously favorable course. Here, we
report what are to our knowledge the first observations of
efficacious local treatment of ectopic calcifications in 3
consecutive HFTC patients using a topical formulation of
STS. These data constitute a hope for the treatment of this
orphan disease. Indeed, spontaneously favorable disease

course is an unlikely explanation for our patients too, as
the reductions observed for most of our treated calcifica-
tions were dramatic and rapid. Furthermore, we observed
no particular adverse effects with our topical STS. Gen-
erally, local treatments offer the advantages of lower dos-
ages and lower general exposure to the active ingredient.
Additionally, a topical route of administration may foster
better adherence to long-term treatments than an oral
route, as we observed for patient 2. We do note however
that a topical approach may not be effective for lesions
located deeply under the skin and thus out of reach of the
active ingredient. This aspect may explain the lack of re-
sponse for the buttock lesion of patient 3, but so might
other factors, such as the cyst-like fluid-filled nature of the
lesion. Despite these promising results, several questions
remain unanswered. Notably, the optimal duration of the
treatment has not been identified, and no data are avail-
able on possible recurrence after treatment withdrawal.
The continued reduction of the leg calcification in patient
3 after STS withdrawal (Figure 1, J and K) is an interesting
point that could be, in part, explained by a mechanism of
action we suggest below. Another important point is that
the effects of topical STS treatment on bone ultrastructure
and mineralization have not yet been evaluated. There-
fore, this treatment needs to be used cautiously and sub-
jected to more in-depth study before its generalization can
be suggested. In addition, as concerns remain about vas-
cular calcifications in these patients, other routes of STS
administration may remain necessary in HFTC or HHS
patients.

Initially thought to act as a chelating agent of calcium
salts, STS may actually act through other mechanisms of
action. In an in vitro study, Lei et al demonstrated that STS
did not chelate calcified lesions of human blood vessels,
whereas diethylenetriaminepentaacetic acid (DTPA) and
ethylenediaminetetraacetic acid (EDTA) did (23). In ad-
dition, calcium chelation of ectopic calcifications alone
cannot explain the rapidity at which certain reported ef-
fects occur after STS initiation. For example, relief of pain
is regularly reported in published cases after only a few
days of treatment (24). Improvement of local perfusion
secondary to local vasodilatation has been reported inde-
pendently of calcium chelation (25). These effects are
probably due to other chemical effects of STS, such as
hydrogen sulfide production, nitric oxide synthase regen-
eration, or a free radical scavenging effect (10). STS may
induce metabolic acidosis (like acetazolamide), which
could also be a mechanism of action, but such a systemic
effect is unlikely with a topical treatment. Interestingly,
recent studies suggest other potential mechanisms of ac-
tion for STS. In a study by Chen et al, STS was shown to
limit the hyperphosphatemia-induced osteoblastic trans-
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differentiation of adipocyte cells (15). Zhong et al re-
ported similar results for human vascular smooth muscle
cells (16). These studies indicate the possibility of inter-
actions between STS and factors leading to osteoblastic
transdifferentiation of mesenchymal cells, such as related
transcription factor 2 (Runx2), or factors preventing cal-
cification, such as matrix carboxy-glutamic acid protein
(16). To the best of our knowledge, no data are available
as to how STS may affect FGF23 or GALNT3 levels or
functions. Therefore, STS could be effective via the mod-
ification of the balance of pro- and antimineralization pro-
cesses, which appear to be destabilized in HFTC (26). This
balance could be restored to a previous equilibrium, leav-
ing macrophages or other cells to clear ectopic calcifica-
tions out of the body (through phagocytosis or extrava-
sation of softened material). This hypothesis could explain
both the time needed for the calcifications to disappear,
and the possibility of continuing reductions for the calci-
fication, even after STS has been withdrawn.

The data presented here (retrospective, uncontrolled,
small number of patients) do not provide a high level of
proof. However, considering the available scientific liter-
ature and the rarity of the disease, it is probable that stron-
ger data will come by increasing the number of openly
treated patients and by small prospective controlled stud-
ies specially designed for such a rare condition.

In conclusion, topical STS appears to show great prom-
ise for, and brings hope to, the treatment of ectopic cal-
cifications in HFTC/HHS. Prospective controlled studies
are needed to confirm the results presented here and to
fully understand the treatment’s mechanisms of action in
this rare disease.
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