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Purpose of review

To provide an update on the available literature regarding the epidemiology, pathophysiology, diagnosis,
and treatment of calcinosis cutis in patients with systemic sclerosis (SSc).

Recent findings

We identified observational studies that describe the frequency of calcinosis in SSc and associated clinical
features; molecular studies exploring potential pathogenic mechanisms; and case reports and case series
describing new diagnostic approaches and treatments.

Summary

Calcinosis cutis is the deposition of insoluble calcium in the skin and subcutaneous tissues. It represents a
major clinical problem in patients with SSc affecting at least one quarter of patients. It is associated with
longer disease duration, digital ulcers, acro-osteolysis, positive anticentromere antibody, and positive anti-
PM/Scl antibody. Although pathogenesis is unknown, there is evidence supporting local trauma, chronic
inflammation, vascular hypoxia, and dysregulation of bone matrix proteins as potential mechanisms.
Diagnosis can be made clinically or with plain radiography. Several pharmacologic therapies have been
tried for calcinosis with variable and modest results, but surgical excision of calcium deposits remains the

mainstay of treatment.
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Calcinosis cutis is the deposition of insoluble cal-
cium in the skin and subcutaneous tissues [1]
(Fig. 1). There are five subtypes of calcinosis: dystro-
phic, metastatic, iatrogenic, idiopathic, and calci-
phylaxis [2]. Dystrophic calcinosis is the subtype
associated with autoimmune connective tissue dis-
eases (ACTD) [3] such as systemic sclerosis (SSc) [4].
Although the detailed pathophysiology of calcinosis
cutis remains poorly understood, the general mech-
anism for dystrophic calcinosis is the deposition of
calcified material in damaged tissue in the setting of
normal serum calcium and phosphate levels [5]. We
will review the most current literature regarding
associated clinical factors, pathogenesis, diagnostic
approach, and treatment options for dystrophic
calcinosis as seen in SSc.

The prevalence of calcinosis in SSc ranges from 18 to
49%. This large range is likely attributable to vari-
able definitions based on clinical and/or radio-
graphic assessments, and differences in patient
populations [6%,7"%,8-10]. The prevalence increases
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in people who have had SSc for a prolonged dura-
tion, as calcinosis typically occurs more than
10 years after diagnosis [4,11]. Small single-center
studies showed that factors associated with calcino-
sis include male sex, digital ulcers, digital pitting
scars, acro-osteolysis, telangiectasias, anticentro-
mere antibody (ACA), and anti-PM/Scl antibody
[8,10,12-15]. An international cohort study of
5218 patients later confirmed the association of
calcinosis with digital ulcers, telangiectasias, and
ACA along with discovering a novel association with
osteoporosis [16].
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KEY POINTS

e Calcinosis is a common and potentially debilitating
manifestation in patients with SSc, most frequently
affecting the hands, and particularly the fingers.

e Clinical features found to be associated with calcinosis
in SSc in observational studies are longer disease
duration, digital ulcers, acro-osteolysis, positive ACA,
and positive anti-PM/Scl antibody.

e Diagnosis can be made clinically or with plain
radiography. There is also growing evidence for the
use of ultrasonography in evaluating calcinosis in SSc.

e The detailed pathophysiology of calcinosis cutis
remains unclear, but there is evidence supporting
chronic inflammation, vascular hypoxia, local trauma,
and dysregulation of bone matrix proteins as potential
mechanisms.

o Several medications have been described with variable
results, but surgery remains the mainstay for the
treatment of calcinosis.

Recent studies have shown different clinical asso-
ciations with calcinosis based on the population stud-
ied. In a single-center study of 215 SSc patients in the
United States, calcinosis was associated with limited
cutaneous SSc (1cSSc) [17%]. In Mexican and Malaysian
cohorts, calcinosis was associated with diffuse cutane-
ous SSc (dcSSc) [7*%,18]. Antinucleolar and anti-Scl-70
antibodies were more prevalent and ACA was less
prevalent in Mexican patients with calcinosis [7*].
Similarly, dcSSc and antitopoisomerase (Scl-70)

Calcinosis of the hand, overlying contractured
joints that have frequently been traumatized.
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antibody were predictors of calcinosis in a cohort of
1305 SSc patients from the Canadian Scleroderma
Research Group (CSRG) registry, which includes
patients from Canada and Mexico [10]. However, in
a multicenter study of 1009 African Americans with
SSc¢, no associations were seen with cutaneous sub-
type, male sex, or ACA [67].

Calcinosis in SSc presents as subcutaneous nodules in
digits or in pressure point areas such as elbows, knees,
or ischial tuberosities. Calcinosis occurs most fre-
quently in the hands (65-83%), proximal upper
extremity (27%), knee or proximal lower extremity
(10-22%), and hip (6.7%) [7™",19]. Calcinosis can also
affect the trunk, chest, and buttocks, and more
obscure locations such as the maxillary sinuses,
spine, and paraspinal tissues [7"%,20]. Calcinosis
may be painful and accompanied by soft tissue swell-
ing, ulcers with superimposed infection, or deformi-
ties particularly in the hands leading to functional
limitations [2,20,21]. Patients may also complain of a
‘toothpaste-like’ material extruding from the skin,
which can be a point of entry for infections.

Although calcinosis is often clearly palpable or visi-
ble on physical examination, imaging can help
confirm the diagnosis of subclinical deposits. Plain
radiography is sensitive in detecting calcinosis and
is the first-line imaging modality for evaluation in
patients with ACTD [22] (Figs. 2 and 3). A radio-
graphic scoring system for hand calcinosis was
recently developed and validated that may stan-
dardize the measurement of calcium deposits for
clinical and research purposes [24]. This scoring
system takes into account the body area covered,
density, number, and anatomic location of calcino-
sis lesions to provide an estimate of calcinosis bur-
den, with excellent inter-rater and intra-rater
reliability. Another method of categorizing calcino-
sis has also been proposed based on clinical and
radiographic shapes and patterns of the lesions
[19]. This approach divides calcinosis into four sub-
types: mousse, stone, net, and plate. The authors
showed that the net form took the longest time to
heal (mean 140 £ 22 days), whereas stone calcinosis
took the shortest (30 £+ 12 days), suggesting that this
categorization has clinical significance in the man-
agement and prognosis of calcinosis.

There is also growing evidence for the use of
ultrasound in evaluating calcinosis in SSc. Freire
et al. showed that ultrasound has a sensitivity of
89% in detecting calcinosis [25], with no significant
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‘Wet cotton-wool appearance’ of calcinosis on
radiography of the hands. Reproduced with permission from
[23].

difference in calcinosis detection when compared to
radiography [26]. A recent study of 10 SSc patients
proposed the use of Power Doppler to detect inflam-
mation around calcium deposits, thus identifying
lesions that may be targeted with anti-inflammatory
medications [27]. In addition, an ultrasound

Frontal radiograph of the pelvis in a 57-year-old
female with systemic sclerosis demonstrates severe calcinosis
around the right hip and surrounding soft tissues. Calcium
deposition is also seen affecting the left hip and left
hemipelvis.
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technology used to detect micro-calcifications in
breast tissue has been reported to differentiate
hydroxyapatite deposits, as seen in SSc, from other
types of calcifications [28].

Other experimental modalities include multi-
detector computed tomography (MDCT), dual-
energy computed tomography (DECT), and MRI
MDCT may better assess the extent of calcinotic
lesions as a result of improved resolution and 3D
capabilities compared to traditional CT [29]. A study
of DECT in 16 SSc patients demonstrated successful
detection of calcinosis in the subcutaneous tissue,
tendon sheaths, carpal tunnel, and adjacent to
muscles [30]. MRI can detect calcinosis deposits as
well, providing better visualization of edema or
inflammation of surrounding tissue that may indi-
cate calcinosis development [31].

The pathophysiology behind dystrophic calcifica-
tion is incompletely understood. However, several
mechanisms have been proposed, including chronic
inflammation, vascular hypoxia, recurrent trauma,
and abnormalities in bone matrix proteins. Elevated
levels of serum interleukin-1, interleukin-6, inter-
leukin-1B, and tumor necrosis factor (TNF)-a have
been found in juvenile dermatomyositis (JDM) cal-
cinosis, supporting the role of inflammation in cal-
cinosis development [32].

Evidence suggests that vascular ischemia also
contributes to calcinosis development. Davies
et al. demonstrated increased expression of the
hypoxia-associated glucose transporter molecule
(GLUT-1) in skin biopsies of SSc patients with calci-
nosis [33]. Additionally, several studies [16] have
shown that the presence or history of digital ulcers
[10,34] and/or acro-osteolysis [12-14] predicts cal-
cinosis development. Another study showed that
upregulation of VEGF, a potent angiogenic factor
induced by hypoxia, was associated with increased
osteoclast activity in SSc patients with acro-osteol-
ysis, 73% of whom had calcinois [35%]. This hypoxia-
induced osteoclast activity in SSc may also be
involved in development of calcinosis, possibly
explaining the association between calcinosis and
osteoporosis [16,17"%,36].

Calcinosis preferentially affects the dominant
hand and other acral sites, which suggests that
repetitive trauma can contribute to calcinosis devel-
opment [37™]. These areas of recurrent trauma may
be more susceptible due to the impaired compensa-
tory angiogenesis that characterizes the proliferative
obliterative vasculopathy seen in SSc [38,39""].

Davies et al. also found increased expression of
bone matrix proteins, such as osteonectin and
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matrix gamma-carboxyglutamic acid protein
(MGP), in calcinotic skin of SSc patients [40]. These
proteins are involved in ectopic calcification via
upregulation of osteonectin, an activator of calcifi-
cation, in the setting of suppressed levels of the
inhibitor protein MGP [41,42]. MGP must also be
in its gamma-carboxylated form and bind to bone
morphogenic protein-2 to inhibit calcification. This
carboxylated form is vitamin K dependent [43].
Wallin et al. have proposed mechanisms in which
oxidative stress, which is critical to microvascular
injury in SSc, may inhibit vitamin K, resulting in
under-gamma-carboxylated and inactive MGP, and
thus dysregulated calcification [44].

Further studies are necessary to better define
these mechanisms and elucidate others that con-
tribute to the development of calcinosis in SSc.

General measures and supportive therapies

Calcinosis remains a therapeutic challenge in
patients with SSc. General measures include improv-
ing blood flow to the extremities by avoiding
trauma, stress, and cold exposure. If there is suspi-
cion for superinfection of calcinotic lesions, anti-
biotics covering streptococci and staphylocci should
be prescribed. Acetaminophen, nonsteroidal anti-
inflammatory agents, and even opioids [45] may
be used to alleviate pain. If calcinosis becomes
ulcerated, standard wound care with hydrocolloid
membrane products may be useful [46].

Medical therapies

Several medications have been described in the
management of calcinosis, with variable results
[47]. The evidence supporting these mainly comes
from small retrospective studies, case series, and case
reports (Table 1).

Calcium channel blockers

Calcium channel blockers (CCBs) reduce the intra-
cellular calcium influx in the affected tissues, alter-
ing the formation and crystallization of the calcium
nidus. Diltiazem is the most used and studied CCBs
for treating calcinosis. Early case reports showed
encouraging results with 240 to 480 mg/day of dilti-
azem for calcinosis in SSc patients [48-50], which
was confirmed in a retrospective cohort of 78
patients with ACTD from the Mayo Clinic showing
that diltiazem was effective in 9 of 17 patients as
first-line therapy [51]. However, a larger retrospec-
tive study did not show a beneficial effect on radio-
graphs from 12 SSc patients treated with 180 mg/day
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of diltiazem for 1 to 15 years [8]. An observational
study using S5-year follow-up data from CSRG
showed no significant associations between the
use of CCBs and calcinosis [odds ratios (OR) 0.9,
95% confidence interval (CI) 0.73-1.05], except in
patients with disease duration less than S years, in
whom the use of CCBs was associated with
decreased risk of calcinosis (OR 0.62, 95% CI
0.45-0.86) [527].

Bisphosphonates

Bisphosphonates may be useful in reversing the
calcification process by inhibiting macrophage
proinflammatory cytokine production and reducing
bone resorption [53]. Anecdotal reports describe
improvement of calcinosis with intravenous
pamidronate in patients with JDM [54-56], and
adult dermatomyositis [57]. Similarly, a case series
showed partial reduction of calcinosis with alendr-
onate therapy in six of nine JDM patients [58]. A case
report describes resolution of calcinosis in a patient
with 1cSSc after 6 months of risedronate therapy for
glucocorticoid-induced osteoporosis [59]. Given the
paucity of evidence, the efficacy of bisphosphonates
in calcinosis treatment remains unclear.

Warfarin

Low-dose warfarin has been used for treatment of
ACTD-calcinosis, based on the rationale that it
reduces the levels of MGP by preventing carboxyla-
tion of glutamic acid [20]. A case series of three SSc
patients treated with warfarin, described resolution
of calcinosis in two patients after 1 year [60]. In the
Mayo Clinic study, four of 19 patients with calcino-
sis and ACTD taking warfarin for other indications
had no changes in calcinosis compared with the
group that did not receive warfarin [51]. In another
study of six patients with extensive calcinosis (one
with SSc) treated with warfarin for 14.6 months, five
had worsening of calcinosis [61]. Indeed, there is
some concern that warfarin can promote calcifica-
tion through under-carboxylated MGP [20,62].

Sodium thiosulfate

Topical, intralesional and intravenous sodium thio-
sulfate (STS) have been studied as treatments for
calcinosis [63]. A report describes two cases of ulcer-
ative dystrophic calcinosis refractory to topical
treatments that had excellent responses to topical
25% STS compounded in zinc oxide [64]. Four
patients with calcinosis (one with SSc and two with
dermatomyositis) showed significant decrease in
size, erythema, and pain with topical 25% sodium
metabisulfite (SM), a metabolite of STS. The authors
hypothesized that topical SM may dissolve calcium
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Table 1. Pharmacological treatments of calcinosis in systemic sclerosis

Number of
responses/
numbers of
patients Avuthors
Treatment Rationale/biology Drug/dosage treated recommendations References
Calcium channel Reduce intracellular calcium influx in  Diltiazem 240-480 4/4 Moderate Palmieri et al. [48]
blockers the affected tissues and local mg/day x 1-12
macrophages years
120 mg/day x 2 1/1 Dolan et al. [49]
years
240mg /day x 5 1/1 Farah et al. [50]
years
Bisphosphonates Inhibit macrophage proinflammatory ~ Risedronate x 6 1/1 Low Fujii et al. [59]
cytokine production and reduce months
calcium turnover
Warfarin Inhibits the production of gamma- 1 mg/day x 1 year 2/3 Low Cukierman et al. [60]
carboxyglutamic acid, which has 1 mg/day x 7-28 0/1 Lassoued et al. [61]
calcium-binding properties months
Sodium thiosulfate Potent antioxidant and vasodilator Topical: STS 25% 2/2 Moderate Bair et al. [64]
(STS) that also chelates and dissolves compounded in zinc
calcium deposits oxide
25% sodium 1/1 Barrio-Diaz et al. [65]
metabisulfite
Intralesional: STS 1-3 2/2 Goosens et al. [66]
g x 1 year
STS 12.5-150mg x 5/5 Baumgartner-Nielsen
1-4 times et al. [67]
Intravenous: 20 g/day, 0/1 Mageau et al. [69]
5 days/month, at
least six cycles
Anti-TNF Potential role of inflammation and Infliximab 1/1 Low Tosonidouu ef al. [70]
TNF-alpha in calcinosis 3 mg/kg
infravenous at 0, 2,
and 6 weeks, and
every 8 weeks x 7
months
Rituximab Chimeric anti-CD20 antibody that 375 mg/m? 1/1 Low De Paula et al. [71]
depletes B lymphocytes infravenous weekly
x 4
375 mg/m; 3/6 Giugglioli et al. [72]
intravenous weekly
x 4
1 gram infravenous x 0/1 Hurabielle et al. [73]
2 at 2 week-interval
and then every 6
months
1 gram infravenous x 0/1 Dubos et al. [74]
2 at 2 week-interval 0/1 Dubos et al. [74]
and then every year
375 mg/m?
intravenous weekly
x 4
Minocycline Tetracycline antibiotic with 50-100 mg/day for 8/9 High Robertson et al. [75]
anti-inflammatory and 3.5 years
calcium-binding properties
Ceftriaxone Third-generation cephalosporin able 2 grams intravenous x 1/1 Low Reiter et al. [76]
to bind calcium ions, and form 20 days
insoluble calcium complexes
Aluminum hydroxide Decreases serum phosphate levels 30 ml orally 4 times 1/1 Low Hudson et al. [77]
by decreasing intestinal per day
absorption thus reducing the
calcification process
Triamcinolone Anti-inflammatory effect Intralesional 20 mg/ml 1/1 Moderate Hazen et al. [78]
acefonide injection every 4-8 weeks x
6 months
Colchicine Anti-inflammatory effect by disrupting 1 mg daily x 2 months 1/1 Moderate Fuchs et al. [79]
leukocyte chemotaxis and
phagocytosis through inhibiting
microtubule polymerization
1 mg daily x 4 months 1/1 Vereecken et al. [80]
Intravenous Effect based on anti-inflammatory 2 g/day in a 4-day 1/1 Moderate Schanz et al. [81]

immunoglobulin

properties, possibly related to
suppression of activated
macrophages

protocol once a
month x 5 cycles
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deposits and promote local vasodilation and wound
healing [65]. Goossens et al. reported two cases of
weekly intralesional injections of 1-3 g STS leading
to pain relief, functional improvement, and 59%
size reduction after 12 months [66]. A larger series
describes the treatment of eight lesions in six
patients (five with SSc and one with nephrogenic
systemic fibrosis) with injections of 12.5-275mg
STS 150mg/ml for up to 4 weeks. By weeks 4 and
12, the lesions decreased in size by 67% and 90%,
respectively, and all patients reported improved
pain and disability [67]. A report of three patients
with ACTD-associated calcinosis treated with intra-
venous STS, after failing multiple prior therapies, did
not show any notable clinical improvement of cal-
cinosis [68]. However, another series of four patients
(IcSSc, dermatomyositis, JDM, SLE) demonstrated
improvement in calcinosis after 6 cycles of intrave-
nous STS except in the patient with 1cSSc [69]. More
research is needed to evaluate STS as an option for
calcinosis treatment.

Biologic agents
A patient with SSc-myositis overlap and refractory
calcinosis treated with infliximab 3 mg/kg infused at
0, 2 and 6 weeks, and every 8 weeks thereafter,
showed reduction in size of calcifications and no
new deposits at 41 months in serial CT imaging [70].
Most literature on biologics for calcinosis has
focused on rituximab (RTX). A case report showed
RTX given in four weekly infusions (375mg/m?)
improved or completely resolved calcinotic lesions
[71]. Additionally, a series of 10 SSc patients treated
with RTX for ILD, skin fibrosis and/or arthritis,
reported improvement in three of six patients
who had calcinosis [72]. However, a flare of calcino-
sis in a patient with dcSSc who received RTX to treat
underlying ILD and arthritis was recently reported
[73]. Similarly, two patients treated with RTX had
progression of calcinosis 6 and 12 months after
treatment. At present, RTX cannot be recommended
for this indication in the absence of successful con-
trolled trials [74].

Others

In a case series of nine 1cSSc patients with calcinosis,
50 or 100 mg/day of minocycline for a mean of 3.5
years resulted in reduced ulceration and inflamma-
tion, with a modest decrease in the size of deposits in
eight patients [75]. Only scattered case reports have
documented the efficacy of ceftriaxone [76], alumi-
num hydroxide [77], triamcinolone acetonide injec-
tion [78], colchicine [51,79,80], and intravenous
immunoglobulins [81] in treating SSc-calcinosis. A
new potential treatment comes from preliminary
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observations from the Pulmonary Hypertension
Assessment and Recognition of Outcomes in Sclero-
derma (PHAROS) registry wherein two patients with
SSc-pulmonary arterial hypertension (PAH) and cal-
cinosis treated with subcutaneous treprostinil for
PAH experienced radiographic improvement in
their calcinosis lesions after 6 months (Shapiro
et al., unpublished data). Oral treprostinil is cur-
rently being studied in a clinical trial of SSc patients
with calcinosis of the hands (NCT02663895).

Procedures

A prospective study of nine patients (three with SSc)
with calcinosis found that three hextracorporeal
shock wave lithotripsy (ESWL) sessions at 3-week
intervals reduced the size and pain from calcinosis at
6 months [82]. A recent 12-week study of three
weekly sessions of ESWL on calcinosis lesions in
four SSc patients found a reduction in lesion size
in three patients and pain improvement in two
patients [83].

The carbon dioxide (CO) laser-tissue vaporiza-
tion procedure allows excellent visualization and
vaporization of calcium deposits and has been
shown to improve pain and function in selected
patients with SSc-calcinosis [84,85].

Patients with large, localized, and symptomatic
lesions especially located over tendons, blood ves-
sels, and nerves should be referred for surgery
[86,87™]. In the Mayo Clinic experience, all 11
patients who underwent surgical excision alone
and 16 out of 17 patients who received medical
and surgical therapy responded to treatment. In
contrast, only seven of 19 patients treated with
medical therapy alone had any response [51]. Spe-
cific techniques such as curettage of calcinosis [88]
or debulking with a high-speed micro-burr [89]
effectively reduce pain and disability scores, but
lesions can recur.

Calcinosis is a common problem in patients with
SSc. It most frequently affects the hands, particularly
the fingers. Although pathogenesis is unclear, there
is evidence supporting chronic inflammation, vas-
cular hypoxia, local trauma, and dysregulation of
bone matrix proteins as potential mechanisms.
There are no universally effective medical treat-
ments for calcinosis in patients with SSc; however,
limited data have been published supporting the use
of several pharmacological therapies including
CCBs, bisphosphonates, warfarin, and STS. Surgical
excision of calcinosis remains the mainstay for treat-
ment. Clinical trials using novel outcome measures
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are necessary to determine the efficacy of current
and emerging treatments.
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