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ABSTRACT. Calcinosis (hydroxyapatite and calcium phosphate crystal deposition) within the extracellular matrix of
the dermis and subcutaneous tissue is a frequent manifestation of adult and pediatric systemic autoimmune
rheumatic diseases, specifically systemic sclerosis, dermatomyositis, mixed connective tissue disease, and sys-

temic lupus erythematosus. In this article, we review classification of calcinosis, highlight mechanisms that

may contribute to the pathogenesis of calcinosis, and summarize the evidence evaluating nonpharmacologic

and pharmacologic interventions for the treatment of calcinosis.
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Calcinosis cutis refers to deposition of calcium salts in the skin.
The condition is divided into 5 types, with dystrophic calcinosis
cutis being the most common form. It appears as a result of local
tissue damage or abnormalities, such as alterations in collagen,
clastin, or subcutancous fat. Dystrophic calcification usually
occurs in association with several adult and pediatric systemic
autoimmune rheumatic diseases (SARDs). The most frequent
rheumatic diseases (RDs) are systemic sclerosis (SSc) and derma-
tomyositis (DM),! followed by mixed connective tissue disease,
and rarely, systemic lupus erythematosus.

Calcinosis in SSc is characterized by hydroxyapatite and
amorphous calcium phosphate crystal deposition® in the extra-
cellular matrix of the dermis, subcutaneous tissue, and other
tissues, whereas in DM, the mineral present in calcinosis deposits
consist of carbonate apatite.* There is no cure for calcinosis, and
it remains a therapeutic challenge in patients with RDs. In this
article, we outline our approach to the evaluation, diagnosis,
and management of calcinosis. We summarize the evidence
supporting pharmacologic interventions and nonpharmacologic
treatments for calcinosis.
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Current understanding of calcinosis in theumatic diseases
Classification. Boulmann et al® classified the soft tissue classifica-
tion into 5 subtypes: dystrophic, metastatic, idiopathic, tumoral,
and calciphylaxis (Table 1). SARDs are mainly associated with
dystrophic calcification,” which is characterized by deposition of
calcified material in damaged tissue, with normal serum calcium
and phosphate levels® (Figure 1 and Figure 2). The term calci-
nosis circumscripta is used to describe calcinosis limited to an
extremity or joint. Calcinosis universalis occurs when there is
diffuse involvement of muscles and tendons.®

Epidemiology. The prevalence of calcinosis ranges from 18%
to 49% in patients with SSc,”” with a similar prevalence in
limited cutaneous SSc (IcSSc) and diffuse cutaneous (dcSSc).!°
Although initially believed to be more common in 1cSSc, more
recent evidence shows that calcinosis occurs to a similar degree in
all SSc cutaneous subtypes, with no preponderance in 1cSSc. For
example, a large cohort found an increased risk of calcinosis in
patients with dcSSc and those with antipolymerase III antibody
positivity.!! Calcinosis cutis results from the deposition of insol-
uble calcium hydroxyapatite and amorphous calcium phosphate
crystals within the extracellular matrix of the dermis and subcu-
taneous tissue.'? Risk factors for calcinosis in SSc include long
disease duration.!*!>! Its progression is more common in men'®
and in patients with digital ulcers (DUs), osteoporosis, and
internal organ involvement, specifically interstitial lung disease
(ILD).'*!” Calcinosis is a long-term, debilitating manifestation
of these diseases that adversely affects quality of life.'®*' While
anticentromere antibody positivity?”? has long been associated
with calcinosis in SSc, the presence of anti-PM/Scl antibodies
has also been associated with a higher prevalence of calcinosis.?

Calcinosis cutis is seen in 30% of adult dermatomyositis (DM)
cases and in up to 20% to 40% of juvenile DM (JDM) cases.®
Calcinosis cutis typically arises within 2 to 3 years from the onset
of JDM; this is faster than occurrence in other connective tissue
disorders or in adult DM, which has an average onset of calci-
nosis cutis at approximately 8 years.?* In JDM, the most common
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Table 1. Classification of calcinosis cutis and associations.

Type of Calcification Pathogenesis Serum Calcium and/or ~ Associated Diseases Clinical Presentation
Phosphorus Levels
Dystrophic calcification  Secondary to tissue damage Normal Systemic sclerosis Present as nodules, plaques,
Dermatomyositis extensive small dermal, or large
Lupus erythematosus subcutaneous deposits
Lupus panniculitis
Mertastatic calcification Calcium precipitation in Abnormal Chronic kidney failure Seen occasionally in the
the skin Hyperparathyroidism subcutaneous tissue as hard
Hypervitaminosis D nodules located mainly in the
sarcoidosis vicinity of large joints
Idiopathic calcification Unknown; no previous damage ~ Normal Tumoral calcinosis Multiple, asymptomatic nodules,
to skin or metabolic disturbances Calcified subepidermal which begin to appear in childhood

Tumoral calcification

Calciphylaxis

Calcification of the small
vessel walls in the dermis and
subcutaneous tissue, with
subsequent ischemia

In patients with an
elevated serum phosphorus
level but normal calcium
level

Abnormalities can

be observed

nodules (Winer’s nodular
calcinosis)
Scrotal calcinosis

Chronic kidney failure
Other nonuremic causes

or in early adult life

Presents as large subcutaneous
calcium deposits near joints and
pressure arcas

Subcutaneous nodules of infarction
and necrotizing skin ulcers

Figure 2. Liquified calcinosis draining from the soft tissue proximal to the
fingernail.

antibodies are antitranscriptional intermediary factor 1-y
(anti-TIF1-y) in 18% of the children, followed by antinuclear
matrix protein 2 (anti-NXP2; 15%) and antimelanoma differ-
entiation associated protein 5 (anti-MDAS; 6%).”> Anti-NXP2
antibody has been associated with more severe muscle disease,
younger age at onset, and increased risk of calcinosis.”> Anti-PM/
Scl antibodies are associated with an increased risk of calcinosis
in both adult DM and JDM, whereas anti-TIF1-y is associated
with a decreased risk of calcinosis in adult DM.?¢

Pathophysiology. The pathophysiology behind  dystrophic

Figure 1. Calcinosis cutis in the soft tissue at the tip of the finger.
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calcification is unclear. Several mechanisms have been proposed,
including chronic inflammation, vascular hypoxia, recurrent
trauma, and abnormalities in bone matrix proteins. Elevated
levels of serum interlukin (IL)-1, IL-6, IL-1b, and tumor
necrosis factor support the role of inflammation in calcinosis
development. Evidence demonstrated by Davis et al suggested
an increased expression of hypoxia-associated glucose trans-
porter 1 molecule in skin biopsies of patients with SSc with calci-
nosis,”’ contributing to the vascular ischemic theory (Table 2).
Studies also reported elevated vascular endothelial growth
factor (VEGF) levels, a potent angiogenic factor induced by
hypoxia that is associated with increased osteoclast activity in
SSc patients with calcinosis®; this finding suggests hypoxia-induced
imbalance between angiogenic factors (such as VEGF and
platelet-derived growth factors) and antiangiogenic factors (such
as angiostatin and endostatin). This may be a factor in the patho-
genesis of tissue fibrosis and calcinosis. This hypoxia-induced
osteoclast activity in SSc may also be involved in the develop-
ment of calcinosis (Table 2), possibly explaining the association
between calcinosis and osteoporosis.!*!*#

Additionally, a frequent history of DUs
the vascular hypoxia and recurrent trauma hypotheses, with or
without acro-osteolysis (Table 2).1617

In addition, an increased expression of bone matrix proteins,

1130 can be related to

such as osteonectin and matrix gamma-carboxyglutamic acid
protein (MGP), were illustrated by Davies et al*! in calcinotic
skin of patients with SSc. These proteins are involved in ectopic
calcification via upregulation of osteonectin, an activator of
calcification, in the setting of suppressed levels of the inhibitor
protein MGP. MGP mustalso be in its gamma-carboxylated form
and bind to bone morphogenic protein 2 to inhibit calcification.
This carboxylated form is vitamin K-dependent. Using studies
of arterial calcifications, Wallin et al have proposed mechanisms
in which oxidative stress, which is critical to microvascular injury
in S$Sc, may inhibit vitamin K, resulting in undergamma-carbox-

ylated and inactive MGP and causing dysregulated calcification
(Table 2).2

Table 2. Summary of theories for the pathophysiology of calcinosis cutis.

Mechanism Evidence

Chronic inflammation Increased production of TNF, IL-1, IL-6, and
other proinflammatory cytokines
Vascular hypoxia (ischemia) Hypoxia-induced imbalance between
angiogenic factors (such as VEGF,
platelet-derived growth factors) and
antiangiogenic factors (such as angiostatin,
endostatin)
Increased expression of the
hypoxia-associated GLUT-1
Hypoxia-induced osteoclast activity
Recurrent trauma Presence or history of digital ulcers
Calcification occurs at sites of chronic
trauma/stress, suggesting a role of pressure or
recurrent trauma

GLUT-1: glucose transporter 1; IL: interleukin; TNF: tumor necrosis
factor; VEGF: vascular endothelial growth factor.

Evaluation and diagnosis of calcinosis. Clinically, calcinosis in SSc
presents as subcutaneous nodules in digits or at pressure points
such as elbows, knees, or ischial tuberosities. Affected tissues
can be the skin, subcutaneous fat, muscle, or tendons. Lesions
usually range in size from a few millimeters up to centimeters.
Calcinosis is frequently present in the hands (65-83%), preferen-
tially affecting the dominant hand,*® proximal upper extremity
(27%), or in proximal lower extremity (10-22%), especially the
hips (6.7%; Figure 1).”'* It can affect trunk, chest, buttocks,
maxillary sinuses, spine, and paraspinal tissues.” Lesions may
be asymptomatic, or associated with pain, soft tissue swelling,
ulcers with superimposed infections, or even deformities leading
to functional disability.” Calcinotic lesions can lead to compres-
sion neuropathies resulting in motor and/or sensory deficits.**
Ulceration of the overlying skin may occur, with a higher
tendency in the forearm, elbows, fingers (particularly the volar
aspect of fingertips), metacarpophalangeal joints, or interpha-
langeal joints.

In DM associated with calcinosis, the affected areas include
the extremities and trunk. Calcinosis can also develop in arcas
that were previously involved by the DM process, which may
include muscle calcification. Dystrophic calcification in DM
appears as small, localized nodules or papules, subcutancous
tumoral deposits, or intramuscular and fascial calcification
sometimes leading to an exoskeleton formation that can limit
joint movements.’

Calcinosis can be observed and felt on physical examina-
tion; however, imaging can confirm the diagnosis. Plain radi-
ography is the first-line imaging modality. Ultrasound (US) is
89% sensitive in the detection of calcinosis.”® Further exper-
imental modalities include multidetector (MD-) computed
tomography (CT), dual-energy CT, and magnetic resonance
imaging. Favorably, MDCT provides better assessment, with a
higher resolution and 3D images.36 Previously, a radiographic
scoring system®” was developed to standardize the measurement
of calcium deposits for hand calcinosis. Another method cate-
gorizes lesions according to the radiographic shape, pattern of
lesions, and clinical appearances as 4 subtypes: mousse, stone,
net, and plate."

General approaches for the management of calcinosis

There is no cure for calcinosis, and it remains a therapeutic
challenge in patients with RDs. We do not treat asymptomatic
calcinosis pharmacologically. General measures include avoiding
trauma and improving blood flow to the extremities, such as
avoiding smoking and exposure to the cold and stress. Treatment
of Raynaud phenomenon and DUs may have a preventive role
in calcinosis.

If symptomatic with pain or skin breakdown, warm salt-
water soaks may assist with extrusion of the calcinosis and
prevent soft tissue infection. Pain and erythema can be signs of
concomitant soft tissue infection. Topical antibiotics with lido-
caine may treat minor soft tissue infection and relieve pain. Oral
broad-spectrum antibiotics are required for moderate soft tissue
infection, whereas intravenous (IV) antibiotics are required
for progressive soft tissue infection or involvement of a tendon
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sheath. Nonsteroidal antiinflammatory agents and opioids®® may
be used to relieve pain. The use of a temporary digital splint may
protect the affected digit as many patients report pain when
they inadvertently strike the affected area against a surface. In
selected patients, we recommend a multidisciplinary approach
where rheumatologists share care with dermatology, plastic
surgery, infectious diseases, or occupational therapy, as needed.
Solid calcinosis can liquify and ooze from the skin (Figure 2).
Liquified calcinosis and resultant erythema and skin breakdown
may appear as soft tissue infection. We recommend swabbing the
drainage and sending the specimen for bacterial culture and anti-
biotic sensitivity assessment.

In the setting of JDM, calcinosis is considered a scarring
lesion—the result of ongoing and accumulated damage due to
inflammation (likely hypoxic). Thus, the best approach is to
completely control inflammation, allow healing, and allow the
body to reabsorb the calcium. Calcinotic lesion resorption over
the years usually happens.?” In contrast, the natural history of
SSc-associated calcinosis is that few lesions improve while the
majority either remain stable or progress at 1 year.*’

Pharmacologic therapies for calcinosis

Several medical therapies have been studied for the treatment
of calcinosis, using an array of study designs ranging from case
reports and case series, to cohort studies and randomized trials.
We use a cost-effective approach, using the least costly medica-
tions with the larger evidence base first (diltiazem, colchicine,
minocycline). It is worth trying several of these options sequen-
tially or as needed, as there is considerable variability among
those who will or will not derive a therapeutic benefit and the
magnitude of the response. The evidence to support these treat-
ment options is summarized in Table 3, while the possible mech-
anisms of action are summarized in Table 4.

Diltiazem. Diltiazem, a commonly used calcium channel
blocker, reduces intracellular calcium influx in affected tissues
by influencing intracellular calcium levels in macrophage, thus
potentially correcting the abnormal imbalance of intracellular
calcium concentration that may lead to crystal formation. Early
case reports showed encouraging positive results,
confirmed in a retrospective cohort study of 78 patients from
the Mayo Clinic, the largest cohort of patients with calcinosis
in autoimmune connective tissue diseases (ACTDs) studied
to date.* Diltiazem was effective in 9 of 17 patients as first-

which were

line therapy for calcinosis.* However, a separate retrospective
study® of 12 patients with SSc-related calcinosis treated with
diltiazem showed no clinical benefit; only 3 patients showed a
minor radiological improvement. No adverse effects (AEs) were
found.® Similarly, no complete response was reported in a retro-
spective cohort study by Fredi et al (Table 3).%

Colchicine. Colchicine has an antiinflammatory effect by
disturbing leukocyte chemotaxis and phagocytosis through
inhibiting microtubule polymerization. In a patient with DM
and a patient with SSc-associated calcinosis cutis, oral colchicine
at a dose of 1 mg/day decreased inflammation and led to ulcer
healing.* Colchicine also led to radiographic improvement
of the calcified lesions in one of the patients. A retrospective

review of 8 calcinosis patients treated with colchicine found
that 3 responded positively, with 1 patient having a complete
response.* Overall, colchicine may decrease symptoms of
inflammation related to calcinosis, but with most patients having
no change in calcification.

Warfarin. Warfarin, a vitamin K antagonist, has been proposed
for treatment of calcinosis, based on the rationale that it reduces
the levels of MGP (a vitamin K-dependent factor in the soft
tissues) by preventing carboxylation of glutamic acid.”” However,
there is some concern that warfarin can promote calcification
through undercarboxylated MGP.¥* Warfarin was evaluated in
1 randomized controlled trial (RCT)* and retrospective cohort
studies.*>°**! In a study by Cukierman et al,>' 3 patients with
SSc-associated calcinosis were treated with low-dose warfarin
for 1 year. Two of the patients improved with a complete reso-
lution of calcinosis, while the third patient, who had larger and
longer-standing calcinotic lesions, did not respond.” Balin et al#
demonstrated that 4 of 19 ACTD patients with calcinosis who
received warfarin had no improvement in calcinosis compared
with the group that did not receive warfarin.

Bergeretal“reportedasmalldouble-blind, placebo-controlled
trial evaluating the effect of warfarin treatment for 18 months on
extent of calcinosis based on clinical and radiographic examina-
tion. They found no evidence of a beneficial effect of warfarin. ¥’
However, they noted that warfarin decreased extraskeletal
uptake on technetium 99m-diphosphonate whole-body nuclear
scanning and decreased gamma-carboxyglutamic acid urinary
concentration. Similarly, Lassoued et al*® reported a small cohort
study evaluating the effect of warfarin treatment on the extent of
calcinosis based on clinical and radiographic (plain radiographs
or CT) examination. They too found no clinical improvement
in 6 patients (1 with SSc) with extensive and long-standing calci-
nosis treated with low-dose warfarin.®® Five patients had clinical
and radiological worsening of calcinosis.

Rituximab. The use of rituximab (RTX), a monoclonal
anti-CD20 antibody that depletes peripheral B lymphocytes,
was evaluated for the treatment of calcinosis in 8 articles ranging
from case reports, observational studies, and an RCT*>

Daoussis et al”’ demonstrated a positive outcome measure
after 1 year of RTX administration, reporting that the calcific
lesions on the knee and elbow had significantly diminished
and the associated pain had disappeared. One case report of
a patient with SSc-associated myositis with RTX given in 4
weekly infusions (375 mg/m?) to treat ILD and inflammatory
arthritis showed complete resolution of calcinosis in her hands 7
months after the first infusion.® In contrast, Poormoghim et al
reported a 54-year-old woman with [cSSc and progressive calci-
nosis cutis, who did not respond to RTX given as 2 infusions
at 2-week intervals: 1 g each and 1 g after 6 months.*” Although
generally well tolerated, RTX has been associated with bacterial
infection.>*>

In the RCT by Aggarwal et al,* the primary endpoint was the
evaluation of cutancous activity in adult DM and JDM assessed
using the Myositis Disease Activity Assessment Tool, and cuta-
neous damage including calcinosis using the Myositis Damage
Index. Although skin lesions in adult DM and JDM showed
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Table 3. Management of calcinosis in rheumatic diseases.

Treatment Dosage Study Partial Complete First Author, No. of Patients Outcomes
Design Response,  Response, Year (Diseases)
n (%) n (%)
Warfarin 1 mg/d RCT 0(0) 0(0) Berger, 1987 8 (4 placebo; 4 DM, SSc) ~ No regression of calcinosis
1 mg/d R 0(0) 0(0) Lassoued, 1988 6 (DM, SSc) Worsening of calcinosis, 1 stable
1 mg/d R 0(0) 2 (66) Cukierman, 2004°! 3 (SSc) 2 complete regressions of
calcinosis
NA R 1(25) 0(0) Balin, 2012% 4 (SSc, DM) 1 partial response in calcinosis
NA R 0(0) 0(0) Fredi, 2015% 2 (DM) No response in calcinotic lesion
Diltiazem 60 mg tid R 3(25) 0(0) Vayssairat, 1998° 12 (SSc) 3 radiographic improvement
<480 mg/d R 9(53) 0(0) Balin, 2012% 17 (SSc, DM) 10 cutaneous lesion improvement
NA R 0(0) 0(0) Fredi, 2015% 12 (DM) No response in calcinotic lesion
240-480 mg/d CS 2(50) 2 (50) Palmieri, 1995% 4(CTD) Regression of calcific lesion
120 mg bid CR NA 1(100) Dolan, 1995% 1(SSc) Remission of calcinosis
240 mg/d CR 1 (100) NA Farah, 1990* 1(SSc) Regression of calcinotic lesion
Rituximab 0.575-1 g/m?* RCT NA 1(14) Aggarwal, 2017 76 (DM), No improvement in calcinosis
wk 0/1 48 (JDM)
500 mg/m*wk 0/2 P 0(0) 3(100) Moazedi-Fuerst, 2015 3 (SSc) Regression of calcinotic lesion
500mg/m*wk 0/2 P 4(36) NA Narvéez, 2014% 9 (SSc) Reduction in calcinotic lesion
375 mg/m*/wk x4 P 3(50) NA Giuggioli, 2015%* 10 (SSc) Improvement in calcinosis in 3/6
patients
2 % 500 mg/m* P 0(0) 0(0)  Bader-Meunier, 2011 6 (JDM) No calcinosis improvement in 6
patients
375 mg/m*x 4 CR NA 1(100) Daoussis, 20127 1 (SSc) Calcinosis significantly improved
and pain resolved
Bisphosphonate NA R 1(20) 0(0) Balin, 2012% S (DM, SSc) 1 partial response, 3 had no
response
IV 1 mg/kg/d R 2 (66) 1(33) Marco Puche, 2010 3 (JDM) Reduction and remission of
calcinosis
IV 1 mg/kg/d R 2(33) 2(33) Tayfur, 2015¢ 6 (JDM) Resolution of calcinosis in 4/6
patients
10 mg/kg/d CR 1 (100) NA Rabens, 1975% 1(SSc) Partial regression of calcinosis
10 mg/d CR 1(100) NA  Masza Mukamel, 2001¢ 2 (JDM) Complete resolution of calcified
lesions
Initial dose CR 0(0) 0(0) Metzger, 1974% 6 (SSc, DM) Progression of calcinosis
10 mg/kg/d,
then 20 mg/kg/d
Surgical excision ~ NA R 3(27) 8(73) Balin, 2012% 11 (DM, SSc) Complete response in 8/11
patients
Extracorporeal NA P 4(100) 0(0) Blumhardt, 2016 4 (S8Sc) Reduction of calcinosis
shock wave
lithotripsy
NA P 1(33) 0(0) Sultan-Bichat, 2012 4 (venous Reduction of calcinotic lesion
insufficiency),
1(DM), 3 (55¢)
Carbon dioxide P P 5(83) NA Bottomley, 1996 6 (SSc) Pain reduction
laser
Tontophoresis  Iontophoresis P 0(0) 0(0) Shetty, 20057 3 (SSc) Reduction in the intensity
of acetic acid with 2-5% acetic of calcinosis in imaging,
acid at 10 microA but no clinical benefits
for 20 mins®
Surgical excision ~ NA P 12 (80) NA Fahmy, 19985 15 (SSc) Improvement of calcinosis
(microdrilling) in 12/15 digits

* In Berger et al,” 4 patients received placebo, 3 received low-dose warfarin, and 1 was excluded for noncomplianace. The outcome was extent of calcinosis
based on clinical and radiographic examination. ® In Aggarwal et al,*® the primary endpoint was the cutaneous lesions (skin rashes) and not the calcinosis.
< TIontophoresis was followed by ultrasound at 1.5 W/cm? for 8 min occurring 9 times over a 3-week period. Bid: twice daily; CR: case report; CS: case series;
CTD: connective tissue diseases; DM: dermatomyositis; IV: intravenous; JDM: juvenile dermatomyositis; NA: not applicable; P: prospective case series; PCT:
placebo-controlled trial; R: retrospective case series; RCT: randomized controlled trial; SSc: systemic sclerosis; tid: three times daily.
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Table 4. Summary of mechanism of action of therapeutics used to treat calcinosis cutis.

Treatment Rationale

Warfarin Warfarin antagonizes vitamin K and therefore reduces the levels of MGP by
preventing carboxylation of glutamic acid

Diltiazem Decrease in the influx of calcium ions into cells leading to correction of an
abnormal imbalance of intracellular calcium concentration that may lead to
crystal formation

Rituximab Anti-CD20 antibody that depletes B lymphocytes

Bisphosphonates Inhibit macrophage proinflammatory cytokine production and reduce

calcium turnover

Sodium thiosulfate Potent antioxidant and vasodilator that also chelates and dissolves calcium

deposits
IVIG Through decreasing inflammation, possibly through inhibition of macrophage
function
Minocycline Tetracycline antibiotic with antiinflammatory and calcium-binding properties
Colchicine Antiinflammatory effect by disrupting leukocyte chemotaxis and phagocytosis

through inhibiting microtubule polymerization

IVIG: intravenous Ig; MGP: matrix gamma-carboxyglutamic acid protein.

improvement after the addition of RTX,, there was no significant

improvement in calcinosis.®

Bisphosphonates. Bisphosphonates have been used based on the
rationale that they may be useful in reversing the calcification
process by inhibiting macrophage proinflammatory cytokine
production and reducing bone resorption.®® In 3 retrospective
cohort studies of 14 individuals,*¢¢> the efficacy was assessed
(Table 3). Another case report conducted on 2 children with
JDM stated dramatic improvement in the patient who had
dystrophic calcinosis when alendronate was introduced at
10 mg/day to the ongoing therapy.”® The radiologic changes
after 1 year of treatment included an almost complete resolution
of the calcified deposition on the axilla along with the active
recalcification of the provisional zones of the metaphyses.’ In
a case of severe dystrophic calcinosis and SSc, treated for 1 year
with etidronate disodium, the patient had functional improve-
ment and partial resolution of many of the calcified lesions.**
Conversely, Balin et al* found that only 1 of 5 patients had a
partial response to bisphosphonate therapy. Also in contrast is
a study demonstrating progression of calcinosis with etidronate
disodium in 6 patients with dystrophic calcinosis associated with

DM and SSc¢.

Intravenous Ig. The use of IV Ig (IVIG) in the treatment of
calcinosis is limited and has shown mixed results. It has been
hypothesized that IVIG may have a beneficial effect on calci-
nosis based on its antiinflammatory properties, possibly related
to suppression of activated macrophages. There are conflicting
data on evaluating the use of IVIG in SSc-associated calcinosis
with positive®® and negative® results. In a patient with 1cSSc,”
IVIG (2 g/kg per month) was associated with complete resolu-
tion of the symptoms of calcinosis. Further, the calcific lesion
was decreased both clinically and radiographically after treat-
ment with IVIG. These results contrast with those reported by
Kalajian et al,¥ who described 2 patients with calcinosis asso-
ciated with DM who had progressive disease despite multiple
IVIG cycles.

Sodium thiosulfate. Sodium thiosulfate (STS) is a potent antiox-
idant and vasodilator that is postulated to chelate and dissolve
calcium deposits. Several studies were conducted to assess
different regimens of STS or its metabolites. A report describes
2 cases of ulcerative dystrophic calcinosis that had excellent
responses to topical 25% STS compounded in zinc oxide.”* A
case series of 1 individual with SSc and 2 individuals with DM
showed a significant decrease in size, erythema, and pain with
topical 25% sodium metabisulfite (SM). The authors hypoth-
esized that topical SM may dissolve calcium deposits and
promote local vasodilation and wound healing.” A larger series
describes the treatment of 8 lesions in 6 patients (5 with SSc
and 1 with nephrogenic systemic fibrosis) with injections. The
authors reported the lesions decreased in size, and all patients
reported improvement in pain and disability.”® A report of 3
patients with ACTD-associated calcinosis treated with IV STS
did not show any notable clinical improvement of calcinosis

(Table 3).™

Minocycline. Minocycline (a tetracycline antibiotic) inhibits
collagenolytic enzymes including matrix metalloproteinases.
Inhibition of these enzymes is important for reducing inflamma-
tion and ulceration. In addition, minocycline may also chelate
calcium. Robertson et al” reported a partial response in 8 of 9
patients treated with minocycline. The most common improve-
ment was a reduction in the incidence of ulceration and inflam-
mation associated with the calcinosis deposits. In addition,
reduction in the size of the calcinosis deposits was detected in
1 patient on radiographic examination. However, Balin et al*
reported a partial improvement in 1 of 6 patients treated with
minocycline, with no monitor response using imaging studies;
rather, the only detected responses were those described clini-
cally in the patient’s medical record. AEs included nausea, dizzi-
ness, and conversion of calcinotic cutis deposits to blue/black

color.

Acetic acid iontophoresis followed by US. Tontophoresis involves
using a small electric current to drive physiologically active ions

Elabhmar et al
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(in this case the acetate ion) into the skin. The rationale behind
using acetic acid iontophoresis is that the acetate ion replaces
the carbonate ion in the insoluble calcium carbonate deposit,
forming a more soluble compound, calcium acetate. The US
possibly disperses the acetic acid, though there have been studies
using US therapy on its own for treatment of calcific deposits.”
In a small open pilot study, 3 patients with SSc-related calcinosis
were subjected to this form of treatment; the outcome measure
was the degree of radiographic calcinosis.”” Even though the
mean radiographic intensity of the calcinotic lesions fell in all
patients, no patient experienced any clinical improvement.
Additional studies are needed to evaluate this potential treat-

ment (Table 3).””

Aluminum  hydroxide. Aluminum hydroxide interacts with
phosphorus, becoming aluminum phosphate, and decreases
phosphorus absorption in the intestine. These properties lead to
a decrease in the calcification reaction as phosphorus is seques-
tered into aluminum salts. Oral aluminum hydroxide treat-
ment for calcinosis has been associated with positive responses
in SSc¢’%; where both symptoms and calcification improved to
varying degrees, but there was no complete resolution.

Neem oil with Hypericam plant extract. SSc-associated skin
ulcers are challenging to treat due to complicating infection or
localization of lesions to cutaneous calcinosis. The extracts of
Hypericum perforatum and Azadirachta indica are widely applied
in management of skin wounds, eczema, and burns. A study was
performed to evaluate the efficacy of a mixture of neem oil (an
extract from the fruits and seeds of A. indica) and H. perfor-
atum for calcinosis-associated ulceration in patients with SSc.”
The application of the mixture was able to control infection in
infected lesions, either by causing progressive crushing and reso-
lution of calcium deposits or easing their sharp excision during
wound care. Overall, the diameter of calcinosis-associated ulcers
decreased in 27/33 (81.8%) patients with formation of granula-
tion tissue and regularization of margins. Complete healing was
reported in 15/33 (45%) patients. A significant improvement
(reduction of lesion size, erythema, fibrin, and calcium deposits)
was observed for the remaining lesions, and no lesions relapsed

during the follow-up period.”

Antiinflammatories. Since the pathophysiology of adult and
juvenile myositis is the presence of chronic inflammation, prog-
nosis has significantly improved over the last decades with the
use of corticosteroids as first-line treatment. Corticosteroids
act quickly to stop the disease process. Different corticosteroid
regimes have been proposed for the initial treatment of JDM,
with the most-reported use being oral prednisolone or predni-
sone in a dose of 2 mg/kg/day and pulses with IV methylpred-
nisolone (MP) 30 mg/kg/day followed by oral prednisone.
A comparative study® failed to demonstrate superiority of 1
regime over the other in the presence of calcinosis, whereas other
reports®™®? suggested that residual weakness, relapsing disease,
and calcinosis are lower in patients receiving pulse IV rather than
oral therapy. Moreover, a study published in 2000 suggested that
IV MP, although more costly, may potentially be cost effective
when compared to oral corticosteroids.®® The significant anti-
inflammatory effects of corticosteroids cannot, however, be

separated from their metabolic effects, particularly the effects on
growth, immunity, and adrenal suppression.

Treprostinil. The safety and efficacy of oral treprostinil in
preventing progression of SSc-associated calcinosis was eval-
uated.?* Twelve female patients with SSc were enrolled, with
confirmed clinical and radiographic evidence of > 1 calcinosis
deposit in the hands. Patients received oral treprostinil for 1 year.
Primary endpoints were safety and tolerability and percentage
of patients without radiographic progression of calcinosis at 1
year. Five patients completed the study. Seven patients withdrew
due to intolerable AEs, intercurrent unrelated illness, progressive
SSc, and personal reasons. Most patients developed headaches
and gastrointestinal AEs. Four of 11 (36%) patients with 1-year
follow-up hand radiographs experienced progression of calci-
nosis. Of 5 who completed treatment, calcinosis was stable in 4
(80%) patients with progression in 1 patient.®

Tofacitinib. In DM, type I interferon contributes to patho-
physiology by inducing the expression of proinflammatory
cytokines, and the Janus kinase and signal transducer and acti-
vator of transcription (JAK-STAT) pathway is involved in
cutaneous manifestations of DM.*> STAT?3 is able to translo-
cate into mitochondria and may be involved in the regulation
of mitochondrial calcium store release, a process potentially
important for calcification in DM. Based on these findings,
JAK inhibitors (JAKi) that can interfere with recruitment of
STATs and downregulate type I and II cytokine signaling, can
be considered in DM therapy. Two patients with severely calci-
fying DM were treated with JAKi (tofacitinib [TOF]).% A
female patient who presented with rapid progressive muscular
and subcutaneous calcifications in both hands, resulting in
complete functional disability, was given TOF therapy (5 mg
bid) in combination with methotrexate (12.5 mg/week) and
prednisone (5 mg/day). After 28 weeks, inflammation due to
calcifications had completely resolved, calcifications were either
stable or regressed, acral ulcers had disappeared, and functional
status had further improved. The second case was a female
patient with DM-associated ILD in whom calcifications failed
to respond to the regular treatment regimen. TOF monotherapy
(5 mg bid) was started and after 28 weeks, reports showed no
new calcifications had formed and some calcifications had even
further improved, while others remained unchanged. No side
effects occurred during TOF treatment, except for an increase
in bodyweight.*

Nonpharmacologic interventions

We may consider nonpharmacologic interventions in selected
patients. Nonpharmacologic interventions are usually reserved
for specific index lesions that are significantly symptomatic, for
example, causing chronic pain, dyspareunia, or compression
neuropathy. Interventions may include surgical excision, carbon
dioxide laser, and extracorporeal shock wave lithotripsy.

Surgical excision. Patients with large, localized, symptomatic
lesions, located over tendons, blood vessels, and nerves, are
referred for surgery. Surgical excision has not been considered
an optimal therapeutic option due to the increased risk of
slowed wound healing, infection, and possibly decreased range

986

Calcinosis review

Downloaded on March 20, 2024 from www.jrheum.org


http://www.jrheum.org/

of motion. Surgical treatment is not always an option due to the
size of the calcinotic lesion, the extent of tissue involvement and/
or the number of lesions. In a review of hand surgery studies for
SSc, Bogoch and Gross® found that, of 13 reports evaluating
calcinosis cutis, studies reported an improvement of pain and
functional outcomes. Balin et al* reported that all 11 patients
who received surgical excision alone responded, with 8 having
a complete response and 3 patients having partial response
(Table 3). Balin et al considered total resolution of an individual
lesion and lack of recurrence in that area as a complete response,
while regression or recurrence of a lesion that had previously
regressed or completely healed as a partial response.® The
persistence of old lesions with or without the occurrence of new
lesions indicated no response. An alternative option is the use
of a high-speed dental burr instead of a scalpel, which may lead
to better results,®® as wound healing is faster and patients may
experience improvement in pain and function.

Carbon dioxide laser. Carbon dioxide (CO,) laser has been
widely and successfully used in surgery. It provides a relatively
bloodless field to the surgeon; it is precise and causes less damage
to surrounding healthy tissues. The CO, laser has been used to
“vaporize” superficial calcinosis. In 1 prospective study, CO,
laser was found to be effective in treating 6 patients with 1cSSc
with digital calcinosis cutis.* Lesions were evaluated and treated
in 21 sites; complete resolution was seen in 12 areas, moderate
response in 5, minor response in 2, and recurrence of calcinosis in
another 2. Procedure-related infections were seen in 2 patients,
which resolved completely with antibiotic treatment (Table 3).%

Extracorporeal shock wave lithotripsy. Extracorporeal shock wave
lithotripsy (ESWL) is a minimally invasive procedure where
acoustic shock waves are used to break apart mineral deposits, in
principle destroying calcifications. It has a high success rate and
low morbidity and is widely used in the treatment of nephroli-
thiasis and calcific tendinitis. A prospective study of 9 patients
(3 with SSc) with calcinosis found that 3 ESWL sessions at
3-week intervals reduced the size and pain from calcinosis at
6 months.”® A 12-weck study of 3 weekly sessions of ESWL on
calcinosis lesions in 4 patients with SSc found a reduction in
lesion size in 3 patients and pain improvement in 2 patients.”*%!
ESWL showed effectiveness in the treatment of calcinosis cutis

(Table 3).

Conclusion

In summary, calcinosis is an important manifestation of several
SARDs. Although infrequent in the general RD population,
calcinosis can result in significant morbidity and impair quality
of life among those who suffer from it. It is a clinical challenge
for rheumatologists who care for these patients. In this article,
we have outlined our approach to the management of calcinosis.
We summarized the current evidence for pharmacologic and
nonpharmacologic interventions for your consideration in the
care of these patients.

REFERENCES
1. Walsh JS, Fairley JA. Calcifying disorders of the skin. ] Am Acad
Dermatol 1995;33:693-706.

11.

12.

14.

15.

17.

18.

19.

20.

21.

Gutierrez A Jr, Wetter DA. Calcinosis cutis in autoimmune
connective tissue diseases. Dermatol Ther 2012;25:195-206.

Lin SY. Biochemical and molecular aspects of spectral diagnosis in
calcinosis cutis. Expert Rev Mol Med 2014;16:¢6.

Nielsen AO, Johnson E, Hentzer B, Kobayasi T. Dermatomyositis
with universal calcinosis. A histopathological and electron optic
study. J Cutan Pathol 1979;6:486-91.

Boulman N, Slobodin G, Rozenbaum M, Rosner I. Calcinosis in
rheumatic diseases. Semin Arthritis Rheum 2005;34:805-12.

Le C, Bedocs PM. Calcinosis Cutis. StatPearls. Treasure Island:
StatPearls Publishing; 2021.

Cruz-Dominguez MP, Garcia-Collinot G, Saavedra MA, et al.
Clinical, biochemical, and radiological characterization of the
calcinosis in a cohort of Mexican patients with systemic sclerosis.
Clin Rheumatol 2017;36:111-7.

Vayssairat M HD, Abdoucheli-Baudot N, Gaitz JP. Clinical
significance of subcutaneous calcinosis in patients with systemic
sclerosis. Does diltiazem induce its regression? Ann Rheum Dis
1998;57:252-4.

Belloli L, Ughi N, Massarotti M, Marasini B, Biondi ML, Brambilla
G. Role of fetuin-A in systemic sclerosis-associated calcinosis.

J Rheumatol 2010;37:2638-9.

Valenzuela A, Baron M, Herrick AL, et al. Calcinosis is associated
with digital ulcers and osteoporosis in patients with systemic
sclerosis: a Scleroderma Clinical Trials Consortium study. Semin
Arthritis Rheum 2016;46:344-9.

Baron M, Pope J, Robinson D, et al. Calcinosis is associated

with digital ischaemia in systemic sclerosis—a longitudinal study.
Rheumatology 2016;55:2148-55.

Touart DM, Sau P. Cutaneous deposition diseases. Part IL. ] Am
Acad Dermatol 1998;39:527-44.

Pai S, Hsu V. Are there risk factors for scleroderma-related
calcinosis? Mod Rheumatol Int 2018;28:518-22.

Bartoli F, Fiori G, Braschi F, et al. Calcinosis in systemic

sclerosis: subsets, distribution and complications. Rheumatology
2016;55:1610-4.

Ferri C, Valentini G, Cozzi F, et al; Systemic Sclerosis Study Group
of the Italian Society of Rheumatology (SIR-GSSSc). Systemic
sclerosis: demographic, clinical, and serologic features and survival
in 1,012 Iralian patients. Medicine 2002;81:139-53.

Koutaissoff S, Vanthuyne M, Smith V, et al. Hand radiological
damage in systemic sclerosis: comparison with a control group

and clinical and functional correlations. Semin Arthritis Rheum
2011;40:455-60.

Avouac ], Mogavero G, Guerini H, et al. Predictive factors of hand
radiographic lesions in systemic sclerosis: a prospective study. Ann
Rheum Dis 2011;70:630-3.

Belotti Masserini A, Zeni S, Cossutta R, Soldi A, Fantini F.
[Cost-of-illness in systemic sclerosis: a retrospective study of an
Italian cohort of 106 patients]. [Article in Italian] Reumatismo
2003;55:245-55.

Lopez-Bastida J, Linertova R, Oliva-Moreno J, Posada-de-la-Paz M,
Serrano-Aguilar P. Social economic costs and health-related quality
of life in patients with systemic sclerosis in Spain. Arthritis Care Res
2014;66:473-80.

Chevreul K, Brigham KB, Gandre C, Mouthon L; BURQOL-RD
Research Network. The economic burden and health-related
quality of life associated with systemic sclerosis in France. Scand J
Rheumatol 2015;44:238-46.

Johnson SR, Glaman DD, Schentag CT, Lee P. Quality of life and
functional status in systemic sclerosis compared to other rheumatic
diseases. ] Rheumatol 2006;33:1117-22.

Steen VD, Ziegler GL, Rodnan GP, Medsger TA Jr. Clinical and
laboratory associations of anticentromere antibody in patients with

Elabhmar et al

987

Downloaded on March 20, 2024 from www.jrheum.org


http://www.jrheum.org/

progressive systemic sclerosis. Arthritis Rheum 1984;27:125-31. 42. Palmieri GM, Sebes J1, Aclion JA, et al. Treatment of calcinosis with

23. Mierau R, Moinzadeh P, Riemekasten G, et al. Frequency of diltiazem. Arthritis Rheum 1995;38:1646-54.
disease-associated and other nuclear autoantibodies in patients of 43. Dolan AL, Kassimos D, Gibson T, Kingsley GH. Diltiazem induces
the German Network for Systemic Scleroderma: correlation with remission of calcinosis in scleroderma. Br ] Rheumatol 1995;
characteristic clinical features. Arthritis Res Ther 2011;13:R172. 34:576-8.

24. Bowyer SL, Blane CE, Sullivan DB, Cassidy JT. Childhood 44. Balin SJ, Wetter DA, Andersen LK, Davis MD. Calcinosis cutis
dermatomyositis: factors predicting functional outcome and occurring in association with autoimmune connective tissue disease:
development of dystrophic calcification. J Pediatr 1983;103:882-8. the Mayo Clinic experience with 78 patients, 1996-2009. Arch

25. Tansley SL, Simou S, Shaddick G, et al. Autoantibodies in Dermatol 2012;148:455-62.
juvenile-onset myositis: their diagnostic value and associated clinical 45. Fredi M, Bartoli F, Cavazzana I, et al. Calcinosis cutis in
phenotype in a large UK cohort. ] Autoimmun 2017;84:55-64. poly-dermatomyositis: clinical and therapeutic study. Ann Rheum

26. Chung MP, Richardson C, Kirakossian D, et al; International Dis 2015;74:830-1.

Myositis Assessment; Clinical Studies Group (IMACS) Calcinosis 46. Fuchs D, Fruchter L, Fishel B, Holtzman M, Yaron M.
Scientific Interest Group. Calcinosis biomarkers in adult and Colchicine suppression of local inflammation due to calcinosis in
juvenile dermatomyositis. Autoimmun Rev 2020;19:102533. dermatomyositis and progressive systemic sclerosis. Clin Rheumatol

27. Davies CA, Jeziorska M, Freemont AJ, Herrick AL. The differential 1986;5:527-30.
expression of VEGF, VEGFR-2, and GLUT-1 proteins in disease 47. Herrick AL, Gallas A. Systemic sclerosis-related calcinosis.
subtypes of systemic sclerosis. Hum Pathol 2006;37:190-7. J Scleroderma Relat Disord 2016;1:194-203.

28. ParkJK, Fava A, Carrino J, Del Grande F, Rosen A, Boin E. 48. Palaniswamy C, Sckhri A, Aronow WS, Kalra A, Peterson SJ.
Association of acroosteolysis with enhanced osteoclastogenesis and Association of warfarin use with valvular and vascular calcification: a
higher blood levels of vascular endothelial growth factor in systemic review. Clin Cardiol 2011;34:74-81.
sclerosis. Arthritis Rheumatol 2016;68:201-9. 49. Berger RG, Featherstone GL, Raasch RH, McCartney WH, Hadler

29.  Omair MA, Pagnoux C, McDonald-Blumer H, Johnson SR. Low NM. Treatment of calcinosis universalis with low-dose warfarin. Am
bone density in systemic sclerosis. A systematic review. ] Rheumatol J Med 1987;83:72-6.
2013;40:1881-90. 50. Lassoued K, Saiag P, Anglade MC, Roujeau JC, Touraine RL.

30. Liiders S, Friedrich S, Ohrndorf'S, et al. Detection of severe digital Failure of warfarin in treatment of calcinosis universalis. Am ] Med
vasculopathy in systemic sclerosis by colour Doppler sonography is 1988;84:795-6.
associated with digital ulcers. Rheumatology 2017;56:1865-73. 51. Cukierman T, Elinav E, Korem M, Chajek-Shaul T. Low dose

31. Davies CA, Jeziorska M, Freemont AJ, Herrick AL. Expression of warfarin treatment for calcinosis in patients with systemic sclerosis.
osteonectin and matrix Gla protein in scleroderma patients with and Ann Rheum Dis 2004;63:1341-3.
without calcinosis. Rheumatology 2006;45:1349-55. 52. Moazedi-Fuerst FC, Kielhauser SM, Bodo K, Graninger WB.

32. Wallin R, Wajih N, Greenwood GT, Sane DC. Arterial calcification: Dosage of rituximab in systemic sclerosis: 2-year results of five cases.
a review of mechanisms, animal models, and the prospects for Clin Exp Dermatol 2015;40:211-2.
therapy. Med Res Rev 2001;21:274-301. 53. Narvdez J, Sancho JJA, Castellvi I, et al. Long-term efficacy of

33. Gauhar R, Wilkinson J, Harris ], Manning J, Herrick AL. Calcinosis rituximab in systemic sclerosis. Arthritis Rheumatol 2014;66 Suppl
preferentially affects the thumb compared to other fingers in 10.
patients with systemic sclerosis. Scand ] Rheumatol 2016;45:317-20. 54. Giuggioli D, Lumetti F, Colaci M, Fallahi P, Antonelli A, Ferri

34. AlMchmadi BA, To FZ, Anderson MA, Johnson SR. Epidemiology C. Rituximab in the treatment of patients with systemic sclerosis.
and treatment of peripheral neuropathy in systemic sclerosis. Our experience and review of the literature. Autoimmun Rev
J Rheumatol 2021;48:1839-49. 2015;14:1072-8.

35. Freire V, Bazeli R, Elhai M, et al. Hand and wrist involvement in 55. Bader-Meunier B, Decaluwe H, Barnerias C, et al; Club
systemic sclerosis: US features. Radiology 2013;269:824-30. Rhumatismes et Inflammation. Safety and efficacy of rituximab

36. Freire V, Becce F, Feydy A, et al. MDCT imaging of calcinosis in in severe juvenile dermatomyositis: results from 9 patients from
systemic sclerosis. Clin Radiol 2013;68:302-9. the French Autoimmunity and Rituximab registry. ] Rheumatol

37. ChungL, Valenzucla A, Fiorentino D, et al; Scleroderma Clinical 2011;38:1436-40.

Trials Consortium Calcinosis Working Group. Validation of a 56. Aggarwal R, Loganathan P, Koontz D, Qi Z, Reed AM, Oddis
novel radiographic scoring system for calcinosis affecting the CV. Cutancous improvement in refractory adult and juvenile
hands of patients with systemic sclerosis. Arthritis Care Res dermatomyositis after treatment with rituximab. Rheumatology
2015;67:425-30. 2017;56:247-54.

38. UghiN, Crotti C, Ingegnoli F. Effectiveness and safety of 57. Daoussis D, Antonopoulos I, Liossis SN, Yiannopoulos G,
oxycodone/naloxone in the management of chronic pain in patients Andonopoulos AP. Treatment of systemic sclerosis-associated
with systemic sclerosis with recurrent digital ulcers: two case reports. calcinosis: a case report of rituximab-induced regression of
Clin Interv Aging 2016;11:307-11. CREST-related calcinosis and review of the literature. Semin

39. Tabarki B, Ponsot G, Prieur AM, Tardieu M. Childhood Arthritis Rheum 2012;41:822-9.
dermatomyositis: clinical course of 36 patients treated with low 58. de Paula DR, Klem FB, Lorencetti PG, Muller C, Azevedo VE.
doses of corticosteroids. Eur J Paediatr Neurol 1998;2:205-11. Rituximab-induced regression of CREST-related calcinosis. Clin

40. Valenzuela A, Stevens K, Chung MP, et al. Change in calcinosis over Rheumatol 2013;32:281-3.

1 year using the scleroderma clinical trials consortium radiologic 59. Poormoghim H, Andalib E, Almasi AR, Hadibigi E. Systemic
scoring system for calcinosis of the hands in patients with systemic sclerosis and calcinosis cutis: response to rituximab. J Clin Pharm
sclerosis. Semin Arthritis Rheum 2022;53:151980. Ther 2016;41:94-6.

41. Farah MJ, Palmieri GM, Sebes JI, Cremer MA, Massie JD, Pinals 60. Dima A, Balanescu P, Baicus C. Pharmacological treatment in
RS. The effect of diltiazem on calcinosis in a patient with the calcinosis cutis associated with connective-tissue diseases. Rom ]
CREST syndrome. Arthritis Rheum 1990;33:1287-93. Intern Med 2014;52:55-67.

988 Calcinosis review

Downloaded on March 20, 2024 from www.jrheum.org


http://www.jrheum.org/

6l.

62.

63.

Tayfur AC, Topaloglu R, Gulhan B, Bilginer Y. Bisphosphonates

in juvenile dermatomyositis with dystrophic calcinosis. Mod
Rheumatol 2015;25:615-20.

Marco Puche A, Calvo Penades I, Lopez Montesinos B. Effectiveness
of the treatment with intravenous pamidronate in calcinosis in
juvenile dermatomyositis. Clin Exp Rheumatol 2010;28:135-40.
Masza Mukamel, Horev G, Mimouni M. New insight into calcinosis
of juvenile dermatomyositis: a study of composition and treatment.
J Pediatr 2001;138:763-6.

78.

79.

80.

Hudson PM, Jones PE, Robinson TW, Dent CE. Extensive
calcinosis with minimal scleroderma: treatment of ectopic
calcification with aluminum hydroxide. Proc R Soc Med
1974;67:1166-8.

Giuggioli D, Lumetti F, Spinella A, et al. Use of Neem oil and
Hypericum perforatum for treatment of calcinosis-related skin ulcers
in systemic sclerosis. ] Int Med Res 2020;48:300060519882176.
Seshadri R, Feldman BM, Ilowite N, Cawkwell G, Pachman LM.
The role of aggressive corticosteroid therapy in patients with juvenile

64. Rabens SE, Bethune JE. Disodium etidronate therapy for dystrophic dermatomyositis: a propensity score analysis. Arthritis Rheum
cutancous calcification. Arch Dermatol 1975;111:357-61. 2008;59:989-95.

65. Metzger AL, Singer FR, Bluestone R, Pearson CM. Failure of 81. Rider LG, Miller FW. Classification and treatment of the juvenile
disodium etidronate in calcinosis due to dermatomyositis and idiopathic inflammatory myopathies. Rheum Dis Clin North Am
scleroderma. N Engl ] Med 1974;291:1294-6. 1997;23:619-55.

66. Asano Y, Ihn H, Asashima N, et al. A case of diffuse scleroderma 82. Romicka AM. [Use of intravenous megadoses of methylprednisolone
successfully treated with high-dose intravenous immune globulin for treatment of dermatomyositis in children]. [Article in Polish]
infusion. Rheumatology 2005;44:824-6. Pediatr Pol 1995;70:243-8.

67. LevyY, Amital H, Langevitz P, et al. Intravenous immunoglobulin 83. Klein-Gitelman MS, Waters T, Pachman LM. The economic impact
modulates cutaneous involvement and reduces skin fibrosis of intermittent high-dose intravenous versus oral corticosteroid
in systemic sclerosis: an open-label study. Arthritis Rheum treatment of juvenile dermatomyositis. Arthritis Care Res
2004;50:1005-7. 2000;13:360-8.

68. Nacci F, Righi A, Conforti ML, et al. Intravenous immunoglobulins 84. Chung MP, Valenzuela A, Li S, et al. A pilot study to evaluate the
improve the function and ameliorate joint involvement in systemic safety and efficacy of treprostinil in the treatment of calcinosis in
sclerosis: a pilot study. Ann Rheum Dis 2007;66:977-9. systemic sclerosis. Rheumatology 2022;61:2441-9.

69. Kalajian AH, Perryman JH, Callen JP. Intravenous immunoglobulin 85. KahnJS, Deverapalli SC, Rosmarin DM. JAK-STAT signaling
therapy for dystrophic calcinosis cutis: unreliable in our hands. Arch pathway inhibition: a role for treatment of discoid lupus
Dermatol 2009;145:334. erythematosus and dermatomyositis. Int ] Dermatol 2018;

70. Schanz S, Ulmer A, Fierlbeck G. Response of dystrophic 57:1007-14.
calcification to intravenous immunoglobulin. Arch Dermatol 86. Wendel S, Venhoff N, Frye BC, et al. Successful treatment of
2008;144:585-7. extensive calcifications and acute pulmonary involvement in

71. Bair B, Fivenson D. A novel treatment for ulcerative calcinosis cutis. dermatomyositis with the Janus-kinase inhibitor tofacitinib — a
J Drugs Dermatol 2011;10:1042-4. report of two cases. ] Autoimmun 2019;100:131-6.

72. Del Barrio-Diaz P, Moll-Manzur C, Alvarez-Veliz S, Vera-Kellet C. 87. Bogoch ER, Gross DK. Surgery of the hand in patients with
Topical sodium metabisulfite for the treatment of calcinosis cutis: a systemic sclerosis: outcomes and considerations. ] Rheumatol
promising new therapy. Br ] Dermatol 2016;175:608-11. 2005;32:642-8.

73. Baumgartner-Nielsen J, Olesen AB. Treatment of skin calcifications 88. Fahmy FS, Evans D, Devaraj VS. Microdrilling of digital calcinosis.
with intra-lesional injection of sodium thiosulphate: a case series. Eur J Plast Surg 1998;21:378-80.

Acta Derm Venereol 2016;96:257-8. 89. Bottomley WW, Goodfield M], Sheehan-Dare RA. Digital

74.  SongP, Fett NM, Lin J, Merola JE, Costner M, Vleugels RA. Lack of calcification in systemic sclerosis: effective treatment with good
response to intravenous sodium thiosulfate in three cases of extensive tissue preservation using the carbon dioxide laser. Br ] Dermatol
connective tissue disease-associated calcinosis cutis. Br ] Dermatol 1996;135:302-4.
2018;178:1412-5. 90. Sultan-Bichat N, Menard J, Perceau G, Staerman F, Bernard P,

75. Robertson LP, Marshall RW, Hickling P. Treatment of cutancous Reguiai Z. Treatment of calcinosis cutis by extracorporeal
calcinosis in limited systemic sclerosis with minocycline. Ann shock-wave lithotripsy. ] Am Acad Dermatol 2012;66:424-9.
Rheum Dis 2003;62:267-9. 91. Blumhardt S, Frey DP, Toniolo M, Alkadhi H, Held U, Distler O.

76. Ebenbichler GR, Erdogmus CB, Resch KL, et al. Ultrasound Safety and efficacy of extracorporeal shock wave therapy (ESWT)
therapy for calcific tendinitis of the shoulder. N Engl ] Med in calcinosis cutis associated with systemic sclerosis. Clin Exp
1999;340:1533-8. Rheumatol 2016;34 Suppl 100:177-80.

77. Shetty S, Moore TL, Jackson S, Brettle D, Herrick AL. A pilot study
of acetic acid iontophoresis and ultrasound in the treatment of
systemic sclerosis-related calcinosis. Rheumatology 2005;44:536-8.

Elahmar et al 989

Downloaded on March 20, 2024 from www.jrheum.org


http://www.jrheum.org/

