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Abstract:

Background: We have limited data on the treatment of calcinosis associated with
systemic sclerosis (SSc) and dermatomyositis (DM).

Objective: To assess the efficacy and tolerance of availabsrhents for calcinosis cutis
based on previously published studies.

Method: We performed a systematic review of studies publish MEDLINE, Embase, and
the Cochrane library between 1980 and July 2018.stiength of clinical data was graded
according to the modified Oxford Centre for EviderRased Medicine Levels of Evidence.
Results: In all, 30 studies (288 patients) were include@vih therapeutic classes, surgery
and physical treatments were identified as potetteatments for calcinosis cutis. From the

results of a small randomized controlled trial dn@trospective studies, low-dose warfarin

should not be used for calcinosis cutis (Level Uiglence). Several studies suggested the use

of diltiazem and bisphosphonates (Level IV). Coasitly biologic therapies, rituximab has
shown interesting results in both DM and SSc, wéeENF inhibitors may be useful in
juvenile DM (Level IV). Intralesional sodium thidéate may be a promising alternative
(Level V).

Limitations: Few included studies had a high level of evidence.

Conclusion: This study highlights the efficacy and tolerancefites of available treatments
for calcinosis cutis, with a focus on level of eate.

Key words: calcinosis cutis, systemic sclerosis, dermatontigo$evel of evidence



64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

INTRODUCTION

Calcinosis cutis is defined by the deposition ofoinble calcium in the skin and
subcutaneous tissuedDM and SSc are the most frequent autoimmune cdiveetissue
disorders associated with calcinosis cétisdeed, calcinosis cutis develops in about 30% of
adult DM patientdand 30% to 70% of juvenile DM patierfts. Moreover, the prevalence of
calcinosis ranges from 18% to 49% in SSc patigntsSignificant advances in understanding
the SSc and DM pathogenesis, newer classificatioteria and advances in disease
management have resulted in improved survival io &8 DM****Nevertheless, long-term

morbidity remains a major isstié™

Dystrophic calcinosis is associated with considgrampaired quality of life due to
ulceration and secondary infections, both resuliingxtreme debilitatiofi*® Although early
aggressive intervention may prevent calcinosisscdgvelopment’*° treatment remains
challenging. Furthermore, few randomized controligals (RCTs) have been perfornied
and we lack specific guidelines for calcinosis €unanagement in DM or SSc. However,
several case series or prospective cohort studmssing on calcinosis cutis treatment have

been published:

To better define an evidence-based treatment agipraad to provide the best available
evidence for physicians, we performed a systenmatiew of case series and cohort studies

investigating the management of calcinosis cutsatients with DM or SSc.



84 MATERIAL AND METHODS

85  This systematic review was performed accordindnéo2009 Preferred Reporting Items for

86  Systematic Reviews and Meta-Analyses (PRISMA) cligtck
87 Literature search and information sour ces;

88  We performed a systematic review of MEDLINE/PubMEdhbase and the Cochrane

89 database between January 1980 to July 2018, withstoction on language. The search

90 strategy combined free text search, exploded MESHMEEE terms and all synonyms of the
91 following Medical Subject Headings terms: systestlerosis, dermatomyositis, calcinosis
92  cutis The grey literature was also explored to avoid jgalibn bias. We also searched for

93  additional articles from the reference lists oEkant papers.
94  Study selection and dligibility criteria

95 Observational studies or RCTs were consideredtifidy included patients with DM or SSc;
96 2) the number of patients with calcinosis cutis weaailable; 3) patients received a specific
97 treatment for calcinosis cutis or for the connextigsue disease with a specific assessment of
98 calcinosis cutis outcomes; and 4) the number oépt treated and the number of responders
99  were available. Given the rarity of calcinosis sutut to avoid publication bias based on

100  single case reports, we excluded case series ef finan 3 patients along with reviews,

101  editorials and guideline${gure 1). The quality of studies was assessed by the Nelgea

102 Ottawa Assessment Scaléor observational studies and the Cochrane colklim Risk of

103  Bias tool**for RCTs.

104
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Data extraction and assessment of calcinosis cutis outcomes

The post-treatment calcinosis cutis response wasted as complete or partial. Complete
response was defined as the complete disappeasfinakeinosis cutis, and partial response
was any improvement according to the study protagbich included reduction in the size of
calcinotic deposits and healing of ulcerations. Wbely pain reduction was reported, the
treatment was considered a failure. Adverse eweete recorded. The relapse ratas

defined as the reappearance of lesions after aletengr partial response. All data were
extracted independently by 2 investigators. Int#ides, when data were available, adult and

pediatric patients are presented separately.

L evels of evidence and treatment recommendation:

The strength of clinical data and subsequent treatmecommendations were graded
according to the modified Oxford Centre for Evider®ased Medicine Levels of Evidence

and Grades of Recommendatfon.
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RESULTS
Literature search and characteristics of included studies

Our literature search identified 3032 citationgaes for 30 studie¥?*?*>3were included
in this systematic revieFigure 1), including 2 RCTS2*11 prospective cohort
studied!323643-485153n( 17 retrospective studifs’®2933-3537424950.8ha sample size
ranged from 3 to 78 patients, for a total of 288quds (SSc=108, adult DM=66, juvenile

DM=90, and DM or SSc but unspecified diagnosis=24).

Overall, the methodological quality of includeddias was low, with 26 cohort studies

graded as poor quality and only 2 as fair quality.

Warfarin: Warfarin, a vitamin-K antagonist, was used in R@T° and 4 retrospective
studie$®2° with a total of 19 patients (DM=10, SSc=6, unsfed=3) (Table 1). A dosage

of 1 mg/day was most commonly prescribed. The ncaésinosis cutis duration was from 4
month$’ to 10 year$® A small placebo-controlled tridlfound no clinical improvement in
calcinosis cutis in 5 patients who received wanfdring/day. From the results of 5 studies,
the partial response rate ranged from9%62°to 2/3 (66%Y>>* with no complete response
observed in all but one study (2/3; 66%No relapse was observed after 2 years’ follow-up

in one study’ Adverse events were not reported.

Diltiazem: Diltiazem, a calcium channel blocker, was use8 iatrospective cohort studies
in 38 patients (DM=12, SSc=12, unspecified 21%)*°(Table 1). The dosage ranged from
60 mg 3 times daily to 480 mg/day. The partial oese rate ranged from 0/12 ((%dp 9/14
(64%)?® No complete responses were reported in the 3estwadid no adverse events were

reported in the study of Vayssairat et%l.

Rituximab: Rituximab was used in 7 studies (SSc=18, adult BPMavenile DM=32)

including 3 prospective studié5**3 retrospective studi€s****and one RCT versus placebo
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focusing on the efficacy of rituximab on skin lessdncluding calcinosis cutf8.Study
characteristics are summarizedliable 2. The mean calcinosis cutis duration ranged from
3.4 to 12 yeard*** From the results of 6 studies, the partial respoate ranged from 0/6
(0%)** to 100% in 3 studies including 3 to 9 patieftt¥**The complete response rate
ranged from 0%*3*3%0 100% in a study of 3 SSc patiefitsn 2 studies, the relapse rate
was 0% with a follow-up of 12 to 60 montHs>* Adverse events were assessed in 3 studies
and included localized bacterial infection of tladctmosis (n=2), moderate acute infusion-
related events (n=1), and intestinal perforatiame2ks after a combination of rituximab and

pulse methylprednisolone infusions (n=1).

Other biologic agents: Tumor necrosis factoa (TNF-a) inhibitors and abatacept (CTLA4-
Ig) were used in 4 studi®s’® 2 with a total of 30 DM patients (mostly juveniléV. The
results of 3 infliximab studié$***®showed a partial response rate ranging from 02)°ttb

80% in a prospective study of 5 juvenile DM pat&htNo complete responses were noted

and adverse events were not reported.

Bisphosphonates: Four retrospective cohort studies of 17 individu@M=15, unspecified
=2)*839*1assessed the efficacy of bisphosphonates fomesisi cutis Table 3). Specific
bisphosphonates and the therapeutic regimens weézeolgeneous. The partial response
ranged from 3/6 (509 to 3/3 (100%)° and the complete response rate from 0% to
33%%83%% |n 2 patients receiving pamidronate with comptesponse, one relapse was

noted after 4 years; in this case, alendronatetinasused, which resulted in a second

complete response. No adverse events were reciordee only study assessing saféty.

I ntravenous immunoglobulins: Two retrospective studies including 15 DM patiéhté
assessed the efficacy of intravenous immunoglobuincalcinosis cutis. Galimberti et*al.

reported a partial response in 5/8 (62%), with oimplete responders. Conversely, no
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objective response was observed in the study afi teal®® including 7 DM patients, with

only one reporting pain improvement. Adverse evergse not reported in these studies.

Sodium thiosulfate (STS): Five studie®*®*>'assessing different regiments of STS or its
metabolites involved 20 patients (SSc=9, adult DB5@venile DM=1). Two studié&*’ of

7 patients assessed the efficacy of intravenous Bd®bjective improvement was found,
and pain improvement was noted in only one pafiefiapical STS conferred no
improvement in 5 DM patienfs.Partial response was achieved with topical sodium
metabisulfite (a metabolite of STS) in 3/3 patig@HM and 1 SSc), without relap3¥,
including one with complete response. Finally, praspective study, partial response was
achieved in 5/5 SSc patients, including completpoase in 2 receiving intralesional STS
injection>! Adverse events of intralesional STS included igarigain (n=2/5) and local

infection (n=1/5)*

Minocycline: Minocycline (50-200 mg/day) was used in 2 studie$2 patients (SSc=9,
unspecified=3f%°?Robertson et af? reported a partial response in 8/9 patients arith Ba
al?® a partial response in 1/3. Adverse events inclugetsea (n=1), dizziness (n=1) and the

conversion of calcinosis cutis deposits to a bliaelbcolor>?

Colchicine: Balin et al”® found a partial response in 3/7 patients (43%juiting 1/7 with
complete response using colchicine doses < 1.2aggktedi et af’ reported only 1/9

partial response with colchicine.

Cyclophosphamide: One prospective study used cyclophosphamide fatitig refractory or
severe juvenile DM, including 14 patients with dadisis cutis’> Complete response of

calcinosis cutis was noted in 9/14 (64%), with kofe-up between 12 and 24 months.

Surgery and physical therapies: Five prospective studies and one retrospectivaygtu=55

patients: SSc=26, DM=1, unspecified=28) assessegjicaliintervention and physical therapy
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for calcinosis cutis improveméft®=+’

(Table 3). Surgical excision in 2 studies led to 80%
improvement'’” Balin et al’® reported a partial response of 27/28 (96%), inoly@2/28

(79%) with complete response. Two small prospectoleort studies of 7 patients noted a
partial response rate of 33% to 100% with extraccal shock-wave therapy, with no
complete responsé:** The relapse rate was not reported. Adverse evmeitsled transient
pain with extrusion of calcific debris. Another ppective study of 6 SSc patients reported a
partial improvement rate of 83% with a carbon ditexdasef> Adverse events included poor

wound healing (n=5), hyperkeratosis (n=4) and postative infections (n=2). Relapse was

observed in 2/6 patients within 3 to 4 months.
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DISCUSSION

In this systematic review, we identified 30 studi288 patients) focusing on the treatment of
calcinosis cutis associated with SSc and Dfgble 4 summarizes the available treatments

for calcinosis cutis with a focus on underlyingedises and levels of evidence.

Currently, we lack specific guidelines for managaadcinosis cutis in autoimmune
connective tissue disorders. In the recent consebased recommendations for the
management juvenile DM, an intensification of imrasuppressive therapy was suggested,
but no specific treatment was recommentfddoreover, treatment of calcinosis cutis is not

included in the updated EULAR recommendationsrieating SS¢>

From our systematic review, several drugs userktd talcinosis cutis have potential
therapeutic interest. Because of the small numbpatients and the treatment heterogeneity
among included studies, pooled response rateswe¢ielculated. However, several
important findings may be underlined. From the Itssof a small RCT, warfarin conferred
no improvement in calcinosis cufisand no partial response was observed in mostded|
studies’®?®**Therefore, warfarin should not be consideredreating calcinosis cutis. This
suggestion is further supported by the fact thatamm could promote ectopic calcification

via under-carboxylated matrix gla prot&in.

Despite no complete response noted in the 3 stodlidiftiazem, partial response was
observed in some, particularly in Balin et al.9id4 (64%) patients. Some data support the
use of calcium channel blockers for calcinosiscitiSSc. Indeed, digital ischemia was
strongly related to the occurrence of calcinosissan a large study of 1300 SSc patients,
and the use of calcium channel blockers was inlyeessociated with the presence of
calcinosis cutis in this study.Moreover, the use of calcium channel blockers is

recommended for treating Raynaud phenomenon irSBeerefore, although no formal
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curative effect of diltiazem on calcinosis cutisiltbbe demonstrated, a potential preventive
effect cannot be ruled out, and therefore diltiazeay be considered for treating digital

calcinosis cutis associated with SSc.

Rituximab has been increasingly used in DM and I&®ause of favorable outcomes in DM
skin lesion&’ and SSc skin sclerosis and lung funcfidRrom the results of 6 studies,
rituximab may be considered for treating calcinasis both in DM and SSc. Indeed,
although one study of 6 juvenile DM patients did reported improvemerif,most studies
showed at least partial response, including 3 W@®% partial response3?**Moreover, 3
studies reported at least one patient with compttponsé®***TNF-a inhibitors,
particularly infliximab, may have a beneficial eften calcinosis cutis in juvenile DM, but
their use should be carefully scrutinized in SScalbse of reports of severe exacerbation of

pulmonary fibrosis associated with their d3e.

Bisphosphonates remain a therapeutic option mosthM, with at least partial response
noted in 4 studie€>**'Nevertheless, a lack of substantive data precltetmsnmending a

specific regimen of bisphosphonates.

Intravenous sodium thiosulfate seemed ineffecimyt intralesional treatment could be a

promising alternative’

Several other treatments, such as intravenous iragioibulin*? minocycline?®>?

colchicine?®?°and cyclophosphamidie improved calcinosis cutis in small case serigs bu

with limited level of evidence.

Surgery and physical therapies should be considerealcinosis cutis, both in DM and SSc:
several studié8“" reported response rates higher than 80%. Howthessurgical

management of digital calcinosis cutis in SSc neayllto skin necrosis and limited range of
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motion® Less invasive procedures such as carbon dioxidg# @r extracorporeal shock-

wave therap}/*>may be useful, but the level of evidence is weak.

Among the limitations of this systematic revievaipossible publication bias. Given the
rarity of publications related to calcinosis cutsatment, we included case series with at
least 3 patients which may have affected our resHlbwever, single case reports were
excluded, as were case series of only 2 patienteder to reduce the bias, as previously
described in systematic reviews of rare dise&déereover, increasing the minimum
number of patients to be considered for inclusiaubd have led to the exclusion of several
treatments with high potential interest. Anotheritation is the low levels of evidence of the
reviewed studies. To date, only 2 small RCTs agsgawmprovement of calcinosis cutis have
been performed* including one with calcinosis cutis as the secopdatcome™ Other
studies were mainly low-quality cohort studies ase series with Level IV
recommendation®. The severity and the size and duration of caléinostis disease are
important confounding factors that may affect therapeutic response. Only calcinosis cutis
duration was reported in some studies, and data iwadequate to perform any subgroup

analyses.

The treatment of calcinosis cutis is a major unneetd. Identifying patients at high risk of
developing calcinosis cutis and its early treatni@mecommendetf. On the basis of 30
studies including 288 SSc and DM patients, thisesgatic review provides evidence-based

guidance for practitioners.
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Abbreviation and acronym list:

Dermatomyositis: DM

Systemic sclerosis: SSc
Randomized controlled trial: RCT
Tumor necrosis factor: TNF

Sodium thiosulfate: STS
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449  Figurelegends:

450 Figurel. Flow-chartsfor study selection. DM dermatomyositis, SSc: systemic sclerosis

451
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452  Tablel. Characteristics of included studies evaluating the effect of warfarin and diltiazem on calcinosis cutis improvement

Name/year Disease Study Calcinosisduration | Doseregimen | Partial Complete | Follow-up, Level of
(N) design at inclusion, years response, | response, | mean (range), | evidence,
N (%) N (%) months grade*
Warfarin
Adults
Berger, 1987 SSc (2) RCT 8 (6-10) 1 mg/day 0(0%) | (0%) 18 IB
Lassoued, 1988 SSc (1) R 10 (2-25) 1 mg/day 0 (0%) 0 (0%) 14.6 (7-28) v
DM (5)
Cukierman, 2004| SSc (3) R 0.4 1 mg/day 2 (66%) 6246 20 (12-24) \Y
Balin, 2012 NA (3) R NA NA 2(66%) 0 (0%) 104 (1-§96 | IV
Fredi, 2015 DM (2) R NA NA 0 (0%) 0 (0%) 201.8 \Y
Children
Berger, 1987 DM/SSc (1) | RCT 5.3 (3-9) 1 mg/day 0 (0%) 0 (0%) 18 IB
DM (2)
Diltiazem
Adults
Vayssairat, 1998 | SSc (12) R 11.5 60mg x3/day 3425 | 0 (0%) 78 (12-180) \Y
Balin, 2012 NA (14) R NA <480 mg/day | 9 (64%) 0 (0%) 104 \Y
Fredi, 2015 DM (12) R NA NA 0 (0%) 0 (0%) 201.8 \Y

453  RCT: randomized controlled trial, R: retrospecti8&c: systemic sclerosis, DM: dermatomyositis, Nét: available *according to modified Oxford Centre
454  for Evidence-Based Medicine Levels of Evidence @nades of Recommendation

455
456
457
458
459
460
461
462
463



464

465
466
467

468

469

470

Table 2. Characteristics of included studies evaluating the effect of rituximab on calcinosis cutisimprovement

Namelyear Disease (N) | Study design Doseregimen | Partial Complete | Follow-up, Leve of
response, response, | mean (range), | evidence,
N (%) N (%) months grade*
Adult
Aggarwal, 2016 DM (7) RCT 0.575-1g/m2 ai NA 1 (14%) 1.46 IB
weeks 0/1
M oazedi-fuerst, 2015* | SSc (3) P 500 mg/m2 at| 3 (100%) 3(100%) NA (12-24) v
weeks 0/2 then
every3 months
Narvaez, 2014 SSc (9) P NA 9 (100%) NA NA Y
Giuggioli, 2015 SSc (6) P 375 mg/m2 at| 3 (50%) 0 (0%) 30 (18-48) \Y;
weeks 0/1/2/3
Fredi, 2015 DM (2) R NA 1 (50) 0 (0%) 201.8 WV
Children
Aggarwal, 2016 DM (22) RCT 0.575-1g/m2 at NA 1 (4%) 1.46 IB
weeks 0/1
Bader-Meunier, DM (6) R 2x500mg/m2 \Y]
2011% (n=3) 0 (0%) 0 (0%) NA (20.2-36)
4x375 mg/m2
(n=3)
Alhemairi, 2017% DM (4) R NA 4 (100%) 1 (25%) NA (36-60) v

DM: dermatomyositis, SSc: systemic sclerosis R@mhdomized controlled trial, P: prospective, R:aspective, NA: not available

*according to modified Oxford Centre for EvidenBased Medicine Levels of Evidence and Grades obRetendation
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Table 3. Characteristics of included studies evaluating the effect of bisphosphonates, surgery and physical therapies on calcinosis cutis improvement

Name/year Disease (N) | Study | Drug Doseregimen Partial Complete | Follow-up, Levd of
design response, | response, | mean (range), evidence,
N (%) N (%) months grade*
Biphosphonates
Adult
Balin, 201%° NA (2) R Etidronate NA 1 (50%) 0 (0%) NA v
Children
Marco Puche, DM (3) R Pamidronate IV 1mg/kg/day at3 (100%) 1 (33%) 42 v
2009° day 1, 2, 3 every3
months
Tayfur, 2015° DM (3) R Pamidronate IV 1mg/kg/day | 2 (66%) 1(33%) | 84 v
every 3 months
DM (1) R Risedronate PO 1.25 mg/day 1 (100% D) | 84 1Y
DM (2) R Alendronate PO 70mg/week 0 (0%) 0 (0%) | 84 [\
Saini, 2016 DM (6) R Alendronate NA 4 (66%) 0 (0%) 22.32 (28:7) | IV
Surgery and physical therapies
Adult
Bottomley, 1996 | SSc (6) P Carbon dioxyde Range of power | 5 (83%) NS >6 v
laser between 7-5 and
10 W
Balin, 2012 NA (28) R Surgical excision 27 (96%) 2 (29%) | 104 1Y
NA (1) R Low frequency | NS 1 (100%) 0 (0%) NA v
ultrasound
Blumhardt, 2016 | SSc (4) P ESWT 1 day/week 3 | 4 (100%) 0 (0%) 3 v
weeks
Sultant-Bichat, | DM (1) SSc | P ESWT 1 day/3 weeks, 3 1 (33%) 0 (0%) 8 \Y
2012 (2) times
Shetty, 2005 SSc (3) P lontophoresis of 3 d/ week, 3 0 (0%) 0 (0%) 0.75 1B
acetic acid + weeks
ultrasound
Fahmy, 1998 SSc (15)**| P Surgical excision 12 (80%) NA 0.1 v

(microdrilling)
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473
474

R: retrospective, 1V: intravenously, PO: Per moii; not available, DM: dermatomyositis, SSc: sysitesclerosis; ESWT: extracorporeal shock-waveaper
*according to modified Oxford Centre for Evidencasgd Medicine Levels of Evidence and Grades of Remndation**Improvement in 12/15 digits in 10 treated
patients.
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475 Table4. Summary of available treatmentsfor treating calcinosis cutisin DM and SSc
476  patients
Drug/ther apeutic Number of Overall Comments® (level of evidence) Grade of
class® DM/SSc response recommendation
patients rate (%)
treated
Warfarirf®% % 6/10 (NA=3) | 0-66% Should not be recommended (IB) B
Diltiazem %% 12/12 0-64% -May have a preventive effétt
(NA=14) -Should be discussed in SSc patients and DM C
with Raynaud’s phenomenon (IV)
Infliximab® %% 20/0 0-80% May be discussed in DM patients (IV) C
Abatacept’ 4/0 100% May be discussed in DM patients (IV) C
Rituximaly®>> 41/18 0-100% | May be discussed in DM and SSc patien C
Biphosphonate§>™*! | 15/0 (NA=2) | 0-100% | May be discussed in DM pati€ig C
Intravenous 15/0 0-62% May be discussed in DM patients (IV) C
immunoglobulin§9'42
Minocyclin®®~* 0/9 (NA=3) | 33-88% | May be discussed in SSc pati@is C
Colchicine®* (NA=16) 11-43% | May be discussed in DM and SSoapdsi (1V) C
Cyclophosphamide 14/0 69% May be discussed in DM patients (IV) C
Intravenous sodium | 4/3 0% Should not be recommended (1V) C
thiosulfaté®*°
Topical* or 716 0-100% May be discussed in DM and SSc patigvijs C
intralesional sodium
thiosulfaté®*%>*
Surgical excision and | 0/15 80-96% -May be discussed in DM and SSc patients (|V C
physical therapié&*’ | (NA=28) -Carbon dioxide laséf; low frequency C
ultrasound and ESWT***may be alternative
treatments to surgery (1V)
-lontophoresis of acetic acid + ultrasotfd C

seems ineffective (I1B)

477
478

479

480

DM: dermatomyositis; SSc: systemic sclerosis; NM br SSc patients but unspecified
diagnosis; * including sodium metabisulfite




3032 citations retrieved
from Pubmed, Embase, Cochrane,
& hand search

k4

2723 excluded papers

1435 no calcinosis/calcinosis treatment
531 case report or = 2 patients

509 year of publication <1980

151 reviews/guidelines

95 no DM/SSc

2 in vitro studies

309 papers
undergoing full-text revision

A 4

30 papers
included in the meta-analysis

278 papers excluded after full-text review

123 case report or < 2 patients

66 no calcinosis/calcinosis treatment
64 reviews/guidelines

24 duplicated papers

3 no DM/SSc




» Thereisno evidence-based study focusing on the treatment of calcinosis cutis (CC)
associated with systemic sclerosis and dermatomyositis

» Eleven therapeutic classes, surgery and physical treatments were identified as potential
treatment for CC. Among them, low-dose warfarin should not be used (Level 1B
evidence) whereas rituximab may be a promising aternative (Level 1V).



