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Abstract 
Objectives: Calcinosis Cutis (CaC) represents one of the most frequent and disabling non-lethal manifestations in SSc. Our 
objectives were to evaluate (1) associations of CaC with SSc clinical characteristics and (2) identify risk factors for CaC 
development.
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Methods: EUSTAR database–registered SSc patients with available information on their CaC status were included. We com
pared baseline patient characteristics (with vs without CaC at baseline) and investigated predictors of CaC development 
at 5 and 10 years (in those without baseline CaC) with logistic regression analyses.

Results: A total of 7114 SSc patients were included. At baseline, 11.9% had CaC. Among 1010 and 997 patients without 
baseline CaC, 40% and 46% developed CaC within 5 years and 10 years, respectively. Patients with CaC were more fre
quently female, had longer disease duration, higher modified Rodnan Skin Score, telangiectasia, digital ischaemia, late 
capillaroscopy patterns, joint contractures, tendon friction rubs, gastrointestinal involvement (all P< 0.001), pulmonary 
arterial hypertension (PAH) (P = 0.02), joint synovitis, and renal crisis (both P = 0.04). CaC patients had a higher frequency 
of ACA and anti-PM/Scl antibody positivity (P< 0.001; P = 0.03, respectively). Predictors for the development of CaC at 
5 years included longer disease duration [odds ratio (OR) 1.04], cardiac involvement (OR 1.63), late capillaroscopy pattern 
(OR 1.70), telangiectasia (OR 1.92), digital ulcers (OR 2.60), and PAH (OR 2.10). Predictors at 10 years included longer dis
ease duration (OR 1.03), dcSSc (OR 1.51), female gender (OR 1.85), telangiectasia (OR 1.92), and digital ulcers (OR 2.92).

Conclusion: CaC is common and progressive; clinical risk factors may provide insights into the pathogenesis.

Keywords calcinosis cutis, clinical characteristics, predictor, risk factor, systemic sclerosis

Introduction
Calcinosis Cutis (CaC), a form of dystrophic calcification of soft 
tissue, is a commonly observed manifestation in SSc patients. 
Dystrophic calcification can be defined as soft tissue calcinosis 
with normal serum calcium and phosphorous levels, while in 
SSc the crystalline component of calcinosis is mainly repre
sented by calcium hydroxyapatite [1, 2].

In SSc, the most frequent sites of calcinosis are the hands 
(particularly the distal phalanges), elbows, and knees, which are 
more exposed to pressure and repetitive trauma [3, 4]. In SSc, 
more unusual areas, such as the facial or spinal regions of the 
body, can also be affected by calcinosis [1].

The prevalence of CaC in SSc has been reported to range be
tween 18% and 49% [5–8]. However, calcinosis is often subclini
cal and may be detected coincidentally on otherwise performed 
imaging procedures; therefore, its presence (and extent) may be 
underestimated by clinical examination alone [9, 10]. However, 
in a subset of patients, this represents a major burden associ
ated with the disease, because CaC can be complicated with 
pain, infection, or ulceration that significantly reduce the quality 
of life [11–13]. Moreover, CaC is independently related to physi
cal impairment and pain in SSc patients [7, 11, 14].

Although its pathogenesis is still largely unknown, vascular is
chaemia and mechanical stress/repetitive microtrauma have 
been proposed as key drivers of CaC development, and may dif
fer in contribution according to the anatomical site [4, 5, 7]. In 
SSc, the severity of digital ischaemia (e.g. as assessed by nailfold 
capillaroscopy) and longer disease duration are closely associ
ated with CaC [7, 9, 15]. The limited cutaneous subset and ACA / 
anti-Pml/Scl antibodies have been suggested as CaC risk factors, 
but these findings are still debated, as the observations were 
only in small cohorts [7, 9, 15–19].

The management of CaC remains a major clinical challenge 
with no known disease-modifying treatments, including preven
tative approaches. Various pharmacological approaches (topi
cal, intralesional, systemic) and surgical interventions have 
been proposed [3, 5]. However, most treatment modalities for 
CaC are not curative, and this field remains remarkably debated 
due to the anecdotal evidence in the existing studies. Surgical 
excision is considered as a final resort, as CaC can often regrow, 
and wound healing can be challenging.

Against this background, our primary objective was to investi
gate the prevalence of CaC, within the multicentre cohort of the 
European Scleroderma Trials and Research Group (EUSTAR) 
database. Our secondary objectives were to identify the clinical 
features characterizing CaC patients and the risk factors for CaC 
development.

Material and methods
Data sampling
Patients registered in the international EUSTAR database were 
analysed. Patients who met the 2013 ACR/EULAR SSc classifica
tion criteria and who had at least one visit recording data on cal
cinosis were included in the study (EUSTAR Clinical Project 
number: CP 136) [20].

The definition and evaluation of variables
The structure and collected variables of the EUSTAR database 
have been well described [21]. For the EUSTAR database, calci
nosis is defined as a deposit of insoluble calcium salts in soft tis
sues confirmed through physical examination or imaging 

Rheumatology key messages

· Calcinosis cutis is common and often progressive over time in systemic sclerosis. 
· Vasculopathic findings, particularly in digital ulcers and telangiectasia, independently predict calcinosis development. 
· Longer disease duration is significantly associated with calcinosis development. 
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modalities, such as plain radiography and CT. In the dataset, the 
first visit, which documented the presence or absence of calci
nosis, was designated as the study baseline.

Recorded demographic data, clinical features and laboratory 
findings were systematically extracted from the baseline visit and 
comprehensively assessed. The variables extracted were: age, 
gender, smoking habits, SSc-related features, including disease 
duration (since the onset of first non-RP manifestation and onset 
of RP), SSc cutaneous subset, digital ischaemic findings [digital 
ulcers (DUs), gangrene, and amputation], capillaroscopic pattern, 
modified Rodnan skin score (mRSS), interstitial lung disease 
(presence of lung fibrosis on chest radiography and/or high- 
resolution CT), pulmonary arterial hypertension (PAH), muscle in
volvement (proximal limb muscle strength deficit on physical ex
amination as judged by the physician not explainable by other 
causes), cardiac involvement (presence of arrhythmias/conduc
tion blocks, left ventricular ejection fraction≤ 49%, diastolic dys
function, and pericardial effusion) renal crisis, gastrointestinal 
involvement (presence of oesophageal, stomach or intestinal 
symptoms), joint synovitis (clinical evidence of joint swelling/ten
derness), joint contractures, tendon friction rubs, and death.

The elevation of CRP and the antibody profile were evaluated. 
SSc-specific treatments, including proton pump inhibitors, cal
cium channel blockers, ET-1 receptor antagonists, 
phosphodiesterase-5 inhibitors, prostanoids, glucocorticoste
roids, immunosuppressive/immunomodulators, antiplatelet 
drugs, and anticoagulants, were assessed.

All variables at the baseline visit were examined by means of 
a comparison between the CaC and non-CaC groups. After the 
initial baseline assessment, the development of new calcinosis 
in the non-CaC group at 5 and 10 years was evaluated using lon
gitudinal data.

Statistical analysis
Age, following a normal distribution, was presented as the mean 
and standard deviation (S.D.). Non-parametric variables were 
described using the median and interquartile range (IQR) for 
continuous data, including disease duration and mRSS, and pro
portions and frequencies for categorical variables, as appropri
ate. The comparison of variables between the CaC and non-CaC 
group at baseline, as well as between those with new calcinosis 
development over 5 and 10 years and those without calcinosis, 
was analysed by using Student’s t, χ2, Fisher’s exact, or the 
Mann–Whitney U test as appropriate.

The risk factors for new calcinosis development were deter
mined using univariate logistic regression analyses and de
scribed as a crude odds ratio (OR) with 95% CIs. Variables found 
statistically significant in the univariate analyses (P< 0.05) were 
subsequently included in a multivariate regression model, in ad
dition to age and gender, to detect independent risk factors. 
The effect of CaC on patient survival was evaluated using the 
log-rank (Kaplan–Meier) test.

Results
A total of 7114 SSc patients with available CaC information at 
baseline were analysed. The mean (S.D.) age of patients was 
57.2 ± 13.5 years, and the majority (83.8%) were female. One- 

third of patients (36.4%) had a diffuse subset of SSc. At baseline, 
850 patients (11.9%) had CaC.

The association of clinical features with 
the presence of CaC at the baseline visit
The baseline characteristics of SSc patients with respect to the 
presence of CaC are presented in Table 1. Patients with (vs with
out) CaC were more likely to be female (89.4% vs 83%, 
P< 0.001) and older (58.5 ± 12.9 vs 57.0 ± 13.6 years, P = 0.002). 
Moreover, SSc patients with CaC had a significantly longer dis
ease duration [12.8 (13) vs 6.3 (10) years, P< 0.001]. Similarly, 
the disease duration since RP onset (information available for 
1092 patients) was higher in patients with CaC compared with 
those without CaC [15.8 (18) vs 7 (13) years, P< 0.001].

The assessment of clinical characteristics of SSc patients 
showed that patients with CaC had more frequently telangiecta
sia (74.5% vs 56.3% P< 0.001), musculoskletal manifestations, 
including muscle involvement (19% vs 13% P< 0.001), joint sy
novitis (12.2% vs 10.2% P = 0.04), joint contractures (35.4% vs 
20.7% P< 0.001), and tendon friction rubs (7.8% vs 4.7% 
P< 0.001). The frequency of digital ischaemia findings, including 
the presence of previous/current ulcers, gangrene, and amputa
tion, was significantly higher in SSc patients with CaC (Table 1). 
In addition, the nailfold capillaroscopy pattern differed notably, 
as patients with CaC exhibited a higher frequency of the late 
pattern (52.9% vs 29.1%, P< 0.001). The median mRSS (IQR) 
was numerically higher in patients with CaC compared with 
patients without CaC [4 (11) vs 3 (9), P< 0.001], while the the 
presence of CaC did not differ in the disease subsets.

The evaluation of organ involvement showed that the preva
lence of gastrointestinal involvement and renal crisis was more 
prevalent in patients with CaC (67.6% vs 58.9%, P< 0.001; 2.6% 
vs 1.6% P = 0.04, respectively). Similarly, PAH was more com
monly observed in patients with CaC (20.6% vs 14.5%, P = 0.023). 
There were no meaningful differences in interstitial lung disease 
(ILD) or cardiac involvement between the two groups. ACA and 
anti-PM/Scl antibodies were more frequent in CaC patients 
(47.3% vs 37.8% P< 0.001 and 7.9% vs 3.5% P = 0.03, respec
tively), whereas anti-Scl-70 positivity was more common in 
those without CaC (29.9% vs 39.5% P< 0.001). Among patients 
with CaC, those who were anti-Scl-70 positive more frequently 
exhibited tendon friction rub (19% vs 4%), and joint contrac
tures (54% vs 30%) and had a higher median mRSS [7 (15) vs 4 
(11)] (all P< 0.001). Moreover, as expected, CaC patients with 
tendon friction rub had significantly lower frequency of ACA pos
itivity compared with those without tendon friction rub (22.6% 
vs 50%, P< 0.001). Furthermore, the frequency of anti-Scl-70 
positivity was notably higher in CaC patients with tendon fric
tion rub (68.5% vs 26.5%, P< 0.01). Similarly CaC patients with 
joint contracture had a significantly higher frequency of anti-Scl- 
70 (43% vs 22%, P< 0.001), whereas CaC patients without joint 
contracture had increased positivity of ACA compared with 
those with joint contractures (55% vs 35% P< 0.001). The over
all mortality rate was higher in CaC patients compared with 
patients without CaC (7.6% vs 5.4%, P = 0.007). The univariate lo
gistic regression analysis showed that the presence of CaC was 
related to all-cause mortality (crude OR = 1.5, 95% CI: 1.10–1.90, 
P = 0.008). However, this association was not statistically 
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Table 1 Baseline characteristics of SSc patients in comparison with the presence of calcinosis

Patients with  
calcinosis (n = 850)

Patients without  
calcinosis (n = 6264)

P

Age, mean (S.D.), yearsa 58.53 (12.91) 57.03 (13.58) 0.002
Sex, female (%) 760 (89.4) 5200 (83) <0.001
Disease duration, median (IQR), years 12.8 (13) 6.3 (10) <0.001
Smoking, current (%) 85 (10) 705 (11.3) 0.546
Subtype (%) 0.23

dcSSc 253 (34.4) 2012 (36.7)
lcSSc/sine 482 (65.6) 3473 (63.3)

mRSS (IQR) 4 (11) 3 (9) <0.001
Telangiectasia (%) 633 (74.5) 3529 (56.3) <0.001
Digital ulcers (%) <0.001

Never 257 (30.2) 3567 (56.9)
Previous 349 (41.1) 1515 (24.2)
Current 215 (25.3) 847 (13.5)

Gangrene (%) <0.001
Never 471 (87.7) 3856 (94.2)
Previous 44 (8.2) 160 (3.9)
Current 22 (4.1) 78 (1.9)

Amputation (%) 22 (12.9) 30 (5) <0.001
Capillaroscopy (%)b <0.001

Early 48 (14.7) 753 (29.1)
Active 106 (32.4) 1081 (41.8)
Late 173 (52.9) 754 (29.1)

Muscle involvement (%) 152 (19) 755 (13) <0.001
Joint synovitis (%) 104 (12.2) 636 (10.2) 0.041
Joint contractures (%) 301 (35.4) 1294 (20.7) <0.001
Tendon friction rub (%) 66 (7.8) 293 (4.7) <0.001
GI involvement (%) 575 (67.6) 3668 (58.9) <0.001
Cardiac involvement (%) 218 (69.9) 1406 (67.7) 0.44
Interstitial lung disease (%) 334 (53.6) 2504 (53.9) 0.89
Pulmonary arterial hypertension (%) 43 (20.6) 191 (14.5) 0.023
Renal crisis (%) 22 (2.6) 100 (1.6) 0.038
Positivity of antibodies (%)
Anti-Scl-70 204 (29.9) 2055 (39.5) <0.001
ACA 322 (47.3) 1917 (37.8) <0.001
Anti-RNA-pol-3 46 (9.8) 306 (8.1) 0.197
Anti-SSA 46 (13.3) 439 (15) 0.404
Anti-SSB 13 (3.8) 74 (2.6) 0.184
Anti-PM/Scla 15 (7.9) 56 (3.5) 0.03
Elevated CRP (%)a 88 (32.6) 470 (28) 0.121
Treatments (%)
Proton pump inhibitors 540 (63.5) 3617 (57.7) <0.001
Calcium channel blockers 348 (40.9) 2525 (40.3) 0.978
ET-1 receptor antagonists 165 (19.4) 793 (12.7) <0.001
Phosphodiesterase 5 inhibitors 107 (12.6) 535 (8.5) <0.001
Prostanoids 150 (17.5) 883 (14.1) 0.009
Glucocorticosteroids 244 (28.7) 1641 (26.2) 0.130
Immunosuppressive/immunomodulators 301 (35.4) 2452 (39.1) 0.012
Antiplatelets 225 (26.5) 1622 (25.9) 0.910
Oral anticoagulants 51 (6) 244 (3.9) 0.05

a Age was calculated based on the date of the study baseline visit.
b Number of patients included for capillaroscopy, n = 2915 (41%); anti-PM/Scl, n = 1792 (25%) and elevated CRP, n = 1949 (27%). GI: gastrointestinal; IQR: 

interquartile range; mRSS: modified Rodnan skin score.
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significant after adjustment in the multivariate model. In 
Kaplan–Meier analyses, survival tended to be lower in patients 
with CaC, although the difference did not reach statistical signif
icance (log-rank χ2 = 3.73, P = 0.053).

CaC patients also had higher use of proton pump inhibitors 
(PPIs), vasoactive treatments, prostanoids, and anticoagulants 
(Table 1). Patients without CaC had a higher frequency of immu
nosuppressive/immunomodulator therapy use (39% vs 35.4%, 
P = 0.01). The use of calcium channel blockers (CACBs) was simi
lar in both groups.

The development of CaC and its potential 
risk factors at the fifth and tenth years
Five-year follow-up
Five-year longitudinal data were available for 1010 SSc patients 
without CaC at baseline. Among these, 403 (40%) developed CaC 
within 5 years. These patients were significantly older and had 
longer disease duration than those who did not develop CaC 
(Supplementary Table S1). The dcSSc subset was more fre
quently observed in patients developing CaC (40.4% vs 31.6% 
P< 0.01). Patients who developed CaC had numerically higher 
skin scores [5 (12) vs 4 (9), P = 0.02]. The presence of ILD was as
sociated with the development of CaC, but only at univariate 
analyses (crude OR = 1.47, 95% CI: 1.10–1.96, P = 0.008, 
Supplementary Table S1). There was no meaningful relationship 
between positivity of antibodies and CaC development. The fre
quency of elevated CRP levels was not statistically different be
tween the two groups (29.7% vs 22.7% P = 0.06).

Multivariate logistic regression analysis identified, as indepen
dent risk factors for the development of CaC at 5 years, longer 
disease duration [OR 1.04 (95% CI: 1.01–1.06)], cardiac involve
ment [OR 1.63 (95% CI: 1.02–2.58)], late capillaroscopy pattern 
[OR 1.70 (95% CI: 1.00–2.90)], telangiectasia [OR 1.92 (95% CI: 
1.36–2.71)], digital ulcers [OR 2.60 (95% CI: 1.88–3.60)], and PAH 
[OR 2.10 (95% CI: 1.08–4.11)].

Ten-year follow-up
Among 997 patients followed up for 10 years, 46.2% developed 
CaC. The median mRSS was higher in patients with developed 
CaC than in those who did not develop CaC [5 (12) vs 4 (9), 
P = 0.01]. Similar to the 5-year results, the development of CaC 
was associated with the presence of ILD: OR = 1.47 (95% CI: 
1.11–1.94), cardiac involvement: OR = 1.62 (95% CI: 1.11–2.35), 
PAH: OR = 2.42 (95% CI: 1.34–4.37), and late capillaroscopy pat
tern: OR = 2.19 (95% CI: 1.40–3.42) in univariate analyses 
(Supplementary Table S2). However, these associations did not 
reach statistical significance in adjusted multivariate analysis. 
No substantial differences were shown between the two groups 
regarding CRP elevation or autoantibody positivity.

In multivariate logistic regression analyses, independent risk 
factors for the development of CaC at 10 years were longer dis
ease duration [OR 1.03 (95% CI: 1.01–1.05)], dcSSc [OR 1.51 (95% 
CI: 1.02–2.22)], female gender [OR 1.85 (95% CI: 1.21–2.83)], tel
angiectasia [OR 1.92 (95% CI: 1.36–2.71)] and digital ulcers [OR 
2.92 (95% CI: 2.12–4.02)] (Fig. 1).

Discussion
Our large study leveraging the power of the international 
EUSTAR cohort highlights that CaC is common in patients with 
SSc, and is often progressive over time. We have identified 
meaningful associations with CaC relevant to clinical practice, 
including risk factors for progression over time. Our data also 
provides important insights into pathogenesis.

The baseline prevalence of CaC in SSc patients in our cohort 
study was 11.9%, which is lower than has been previously 
reported (with rates varying from 18% to 49%) [5–8]. However, 
our observed prevalence CaC rates at 5 and 10 years of 40% and 
46%, respectively, are more consistent with those of previously 
reported cohorts. This makes sense, as longer disease duration 
has been reported to be associated with CaC in SSc [7, 9, 15]. 
Therefore, a key result from our study is that the burden of CaC 

Figure 1 Multivariate odds ratios for predictors of CaC development at (A) 5 and (B) 10 years. CaC: calcinosis cutis; CI: confidence interval; dcSSc: 
diffuse cutaneous systemic sclerosis; mRSS: modified Rodnan skin score 
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increases over time, emphasizing the necessity for detailed 
long-term follow-up and sustained clinical vigilance.

The relationship between the cutaneous subset and CaC in 
SSc is still debated. Previous studies have suggested that the 
limited cutaneous disease subset might be a predictor for calci
nosis [9, 16], whereas others have not found associations with 
the subset. For example, in a multicentre (10 centres), interna
tional study, which included 568 SSc patients, 38% of whom had 
calcinosis, there was no significant association between disease 
subset and CaC [7]. Moreover, a multicentre study on 1305 SSc 
patients (baseline 30% CaC) did not detect a meaningful rela
tionship between CaC and the disease subset [15]. Another 
smaller (n = 109) cohort study evaluating the characteristics of 
CaC in Mexican patients (63% with calcinosis) observed that the 
diffuse cutaneous subset was strongly associated with CaC (OR: 
2.4) [17]. In accordance with the literature, we have found that 
at baseline the disease subset does not significantly differ 
depending on CaC presence. However, regarding disease evolu
tion at 5 and 10 years, the patients with dcSSC are those who de
veloped CaC. This evidence corroborates the fact that the SSc 
subset is an independent predictor of the development of CaC 
within the disease progression.

In the literature, ACA and anti-PM/Scl autoantibodies are 
more frequently associated with CaC, consistent with our results 
[18, 19]. Furthermore, these autoantibodies were considered 
strong predictors of CaC in previous studies, in contrast to our 
results [15, 18, 19]. Nonetheless, several reports have proven 
that there is no remarkable association of CaC with the positivity 
of SSc-specific autoantibodies [7, 9, 17]. Therefore, the role of 
autoantibodies in CaC genesis remains unknown. Interestingly, 
our analyses demonstrated that CaC with positive anti-Scl-70 
was related to the presence of tendon friction rubs, joint con
tractures, and higher skin score, which suggests that the anti
body profile may help to determine the disease severity in 
calcinosis patients. Further prospective investigations are 
needed to elucidate the underlying mechanisms. In SSc, another 
challenging aspect is the influence of gender on CaC develop
ment in SSc: in our cohort, the frequency of female gender was 
higher in CaC patients at baseline, in line with the results of mul
ticentre cohorts [9, 19]. However, gender has not been identified 
as a specific predictor for CaC in Canadian and Mexican cohort 
studies [15, 17]. In addition, our study has shown female gender 
to be a prominent risk factor (OR: 1.85) for CaC development at 
10 years. However, the assessment of hand lesions as detected 
by hand X-ray in 103 SSc patients identified that male gender 
was the strongest predictor for calcinosis radiological progres
sion (defined as an incident or worsened calcinosis), followed by 
DUs [22]. Therefore, further longitudinal studies are needed to 
clarify the exact effect of gender on calcinosis development.

Ischaemia is believed to play a key role in the aetiopathogen
esis of SSc-CaC development. Mechanistically, it could be con
sidered that endothelial cells may follow a mesenchymal 
transition into an osteogenic phenotype, which can be induced 
by inflammatory cytokines, hypoxia, and reactive oxygen spe
cies [1]. As a consequence of chronic vascular ischaemia, an in
crease in hypoxia-related molecules and reactive oxygen species 
might therefore play a role in the calcification process [23–26]. 
Furthermore, ischaemia can induce osteoclast activation and 
osteolysis, resulting in the local release of calcium and 

phosphorus; primary components in soft tissue calcification. In 
SSc, acro-osteolysis (characteristic distal shortening of the dig
its) due to osteolysis, is well recognized to be markedly associ
ated with calcinosis [1, 7]. Our results identified that systemic 
vasculopathic-type features, including DUs, late nailfold capil
laroscopy pattern, telangiectasia, and PAH, are more prevalent 
in patients with CaC, in accordance with the findings of previous 
studies [7, 9, 15, 19]. Furthermore, all these vasculopathic-type 
manifestations were identified as independent risk factors for 
the development of CaC within 5 years. Moreover, at multivari
ate analyses, DUs and telangiectasia were the most substantial 
risk factors for the development of CaC within 10 years. In the 
literature, DU has been considered as the most prominent pre
dictor for calcinosis in SSc by several clinical studies assessing 
cross-sectional data [7, 9, 19]. However, there is a paucity of lon
gitudinal studies evaluating the association between SSc- 
related features and the development of calcinosis [15, 22]. The 
results of a study including 805 SSc patients without calcinosis 
have demonstrated that 26.7% of patients developed calcinosis 
in the follow-up period (mean of 3.8 years), and digital ischae
mia was found to be one of the most significant risks for the de
velopment of calcinosis after SSc-specific autoantibodies (ACA 
and anti-RNA polymerase III) [15]. Taken together, these data 
suggest a significant vasculopathic/ischaemic drive to CaC path
ogenesis in SSc.

Assessment of calcinosis, based on morphology and physical 
examination, to determine the subtype of calcinosis in SSc, has 
demonstrated that patients with stone calcinosis, defined by 
palpable or hard consistency, have a higher frequency of lung in
volvement and lower prevalence of PAH compared with those 
with mousse calcinosis, defined by a soft consistency [13]. A ret
rospective study involving a small number of patients with CTDs 
has shown that the presence of calcinosis is related to severe 
gastrointestinal disease and higher disease activity in SSc [27]. 
At baseline, our CaC patients were more likely to have musculo
skeletal and gastrointestinal involvement, PAH, a higher skin 
score, and renal crises. Moreover, univariate analyses identified 
a higher skin score, ILD, and cardiac involvement as risk factors 
for the development of CaC within 5 and 10 years. However, 
multivariate analyses identified cardiac involvement as the only 
independent risk factor for the development of CaC within 
5 years, among organ involvement. Similarly, the evaluation of a 
retrospective multicentre cohort, including 5218 SSc patients 
with 24.7% calcinosis, has revealed that gastrointestinal involve
ment, cardiac involvement, and arthritis are related to calcino
sis, and that, notably, cardiac involvement is independently 
associated with the presence of calcinosis [19]. Another large 
multicentre cohort has shown a higher frequency of cardiac in
volvement in SSc patients with calcinosis [7]. The analysis of the 
Portuguese cohort has detected gastrointestinal involvement as 
significantly more prominent in SSc patients with calcinosis, 
and oesophageal involvement as an independent risk factor for 
hand calcinosis, while other organ involvements are not found 
to be predictors for calcinosis [9]. Even though CaC is a preva
lent symptom of SSc, there is a lack of evidence assessing its as
sociation with mortality. In our cohort, the mortality rate was 
found to be higher in CaC patients. Considering the strong rela
tionship between CaC and major organ involvement, the pres
ence of CaC was not identified as an independent predictor of 
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mortality, as expected. Therefore, CaC may indicate a more se
vere disease profile and act as a prognostic indicator rather 
than being a risk factor for mortality. Further studies are needed 
to confirm and better understand this relationship.

Treatment modalities for SSc-CaC lack evidence and are 
largely based on anecdotal reports/experience [3, 5]. CACBs are 
sometimes considered, likely reflecting a therapeutic rationale 
to reduce tissue ischaemia (through vasodilation), as this is con
sidered important in SSc-CaC pathogenesis [5]. Some authors 
have reported beneficial CaC amelioration with CACBs use [15]. 
However, findings from the Canadian cohort showed that CACBs 
were only of benefit when used in patients with shorter 
(<5 years) disease duration [28]. In our cohort, we did not ob
serve a favourable effect of CACBs on CaC at baseline and/or 
throughout the follow-up period, similar to results already seen 
in a previous multicentre study [7]. The impact of immunosup
pressive treatments on SSc with CaC has not yet been evaluated 
in prospective studies or randomized controlled trials, although 
several case series, particularly in refractory SSc with CaC, have 
been reported [29, 30]. The exact role of inflammation in the 
pathogenesis of CaC is still unknown; however, inflammatory 
cytokines, such as IL-6, IL-1 or TNF-α, can promote osteogenic 
differentiation of mesenchymal stromal cells and endothelial 
cells [1]. In our cohort, patients without CaC were more likely to 
take immunosuppressive/immunomodulator therapies, while 
treatment exposure was not linked to the development of CaC. 
This observation may suggest a potential role for immunosup
pressive therapy in preventing the development of CaC in 
patients with SSc. However, given the retrospective design of 
our study and the heterogeneity of immunosuppressive regi
mens used across the cohort, these findings should be consid
ered exploratory. Prospective, well-designed studies will be 
essential to clarify whether immunosuppression truly exerts a 
protective effect against CaC in SSc.

Another critical consideration in calcinosis is the long-term use of 
PPIs, due to the high prevalence of gastrointestinal involvement 
seen in patients with SSc. A deleterious association between PPI use 
and increased vascular calcification has been described, and has 
been attributed to hypomagnesemia induced by PPI use disrupting 
bone metabolism and accelerating calcification [31, 32]. A recent in
vestigation assessed the impact of PPI use on CaC in a retrospective 
SSc cohort (199 patients) and a prospective cohort (215 SSc 
patients). In the retrospective cohort, the prevalence of high-dose 
PPI use was higher among CaC patients. In this study, it has also 
been prospectively shown that cumulative PPI exposure is an inde
pendent risk factor for CaC [33]. In our study, the frequency of PPI 
use was higher in patients with CaC than in those without CaC, but 
PPI use was not detected as a predictor for the development of CaC. 
If further confirmed, research is required to determine the optimal 
therapeutic strategy concerning PPI use in the context of a signifi
cant CaC burden [34].

To date, our study represents the most extensive investiga
tion in SSc, comprehensively evaluating the clinical features of 
CaC and risk factors for its development. Our study has a few 
limitations. The most significant limitation is that calcinosis sta
tus was previously identified in EUSTAR through physical exami
nation and/or plain radiography or CT. Therefore, this may 
systematically miss subclinical calcinosis, which could result in 
an underestimation of the actual prevalence of incident and/or 

new CaC development. We also did not have data on the pres
ence of acro-osteolysis, information on the anatomical distribu
tion of calcinosis, or patients’ occupational histories, precluding 
assessment of a possible association with repetitive micro
trauma. In future studies, these could be important to under
stand pathobiology and impact. Another important issue is the 
absence of data on specific therapeutics for CaC in the cohort; 
consequently, the effects of treatments on incident CaC and/or 
development of CaC were not assessed.

In conclusion, we have benchmarked the prevalence of and 
identified risk factors for CaC in patients with SSc. CaC is likely 
underappreciated by clinician examination alone, and is often 
progressive over time. Our data also supports that vascular dis
ease/ischaemia plays an important role in CaC aetiology. The 
identification of SSc patients at risk for CaC may provide a ratio
nale and targeting for early intervention to contain CaC evolu
tion and the development of related complications.

All patients included in this analysis provided written in
formed consent to participate in the EUSTAR cohort, using con
sent forms approved by the local ethics committees of the 
participating centres.
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