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of Patients With Systemic Sclerosis Sine Scleroderma
Data From the International EUSTAR Database
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Jörg H. W. Distler, MD, PhD; Vanessa Smith, MD; Francesco Del Galdo, MD, PhD; Branimir Anic, MD;
Nemanja Damjanov, MD; Simona Rednic, MD; Camillo Ribi, MD; Dominique Farge Bancel, MD, PhD;
Anna-Maria Hoffmann-Vold, MD, PhD; Armando Gabrielli, MD; Oliver Distler, MD, PhD; Dinesh Khanna, MD, MSc;
Yannick Allanore, MD, PhD; for the EUSTAR collaborators

IMPORTANCE Systemic sclerosis (SSc) sine scleroderma (ssSSc) is a subset of SSc defined by
the absence of skin fibrosis. Little is known about the natural history and skin manifestations
among patients with ssSSc.

OBJECTIVE To characterize the clinical phenotype of patients with ssSSc compared with
patients with limited cutaneous SSc (lcSSc) and diffuse cutaneous SSc (dcSSc) within the
EUSTAR database.

DESIGN, SETTING, AND PARTICIPANTS This longitudinal observational cohort study based on
the international EUSTAR database included all patients fulfilling the classification criteria for
SSc assessed by the modified Rodnan Skin score (mRSS) at inclusion and with at least 1
follow-up visit; ssSSc was defined by the absence of skin fibrosis (mRSS = 0 and no
sclerodactyly) at all available visits. Data extraction was performed in November 2020, and
data analysis was performed from April 2021 to April 2023.

MAIN OUTCOMES AND MEASURES Main outcomes were survival and skin manifestations
(onset of skin fibrosis, digital ulcers, telangiectasias, puffy fingers).

RESULTS Among the 4263 patients fulfilling the inclusion criteria, 376 (8.8%) were classified
as having ssSSc (mean [SD] age, 55.3 [13.9] years; 345 [91.8%] were female). At last available
visit, in comparison with 708 patients with lcSSc and 708 patients with dcSSc with the same
disease duration, patients with ssSSc had a lower prevalence of previous or current digital
ulcers (28.2% vs 53.1% in lcSSc; P < .001; and 68.3% in dcSSc; P < .001) and puffy fingers
(63.8% vs 82.4% in lcSSc; P < .001; and 87.6% in dcSSc; P < .001). By contrast, the
prevalence of interstitial lung disease was similar in ssSSc and lcSSc (49.8% and 57.1%;
P = .03) but significantly higher in dcSSc (75.0%; P < .001). Skin telangiectasias were
associated with diastolic dysfunction in patients with ssSSc (odds ratio, 4.778; 95% CI,
2.060-11.081; P < .001). The only independent factor for the onset of skin fibrosis in ssSSc
was the positivity for anti–Scl-70 antibodies (odds ratio, 3.078; 95% CI, 1.227-7.725; P = .02).
Survival rate was higher in patients with ssSSc (92.4%) compared with lcSSc (69.4%; P = .06)
and dcSSc (55.5%; P < .001) after up to 15 years of follow-up.

CONCLUSIONS AND RELEVANCE Systemic sclerosis sine scleroderma should not be neglected
considering the high prevalence of interstitial lung disease (>40%) and SSc renal crisis
(almost 3%). Patients with ssSSc had a higher survival than other subsets. Dermatologists
should be aware that cutaneous findings in this subgroup may be associated with internal
organ dysfunction. In particular, skin telangiectasias in ssSSc were associated with diastolic
heart dysfunction.
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S ystemic sclerosis (SSc) is a rare connective tissue dis-
ease characterized by the association of autoimmune
features with vascular manifestations and, in the ma-

jority of patients, fibrosis of the skin and internal organs,
predominantly heart, lungs, and kidneys.1 There is a high
heterogeneity among patients with SSc regarding the pres-
ence and severity of skin and visceral involvement.2-5 The
LeRoy classification defines 2 main subsets of SSc based on the
extent of skin fibrosis6: limited cutaneous SSc (lcSSc) with skin
thickening sparing the trunk and distal to the elbow and knees,
and diffuse cutaneous SSc (dcSSc) with proximal and distal skin
thickening. These subsets notably differ in terms of survival
and frequency of visceral involvement, with dcSSc being less
prevalent but having a higher mortality rate with more fre-
quent visceral manifestations.7,8 Systemic sclerosis sine sclero-
derma (ssSSc) is a third subset, initially described by Rodnan
and Fennell9 and characterized by the absence of skin
fibrosis (ie, without [sine in Latin] scleroderma) but with
SSc-associated visceral manifestations.9-12

In many observational studies and clinical trials, no dis-
tinction is made between lcSSc and ssSSc. There is a current
emphasis in improving SSc patient selection for clinical
trials, based on stratification strategies combining the
extent of skin involvement with autoantibody status.13,14

There is also a growing interest in precision medicine in SSc
to foster individual management. To that extent, ssSSc may
constitute a subset with a distinct clinical trajectory differ-
ing from lcSSc or dcSSc. Although therapeutic research was
mainly focused on dcSSc initially, there is rising interest on
other subsets of the disease.15-19 Patients with lcSSc or ssSSc
may experience higher morbidity than expected, justifying
dedicated clinical trials and validation of relevant outcome
measures for these subsets.20-22 Dermatologists play a key
role in the diagnosis and management of patients with SSc,
as early features of the disease include important skin mani-
festations such as Raynaud phenomenon (RP), digital
ulcers, and puffy fingers. There is a recent emphasis on non-
fibrotic skin manifestations of SSc, including puffy fingers
as part of the diagnostic strategy or telangiectasias as surro-
gate markers of the severity of SSc-related vasculopathy.4,23

Thus, dermatologists should be especially aware of such
nonfibrotic manifestations that are crucial for the diagnosis
of ssSS c and included in the Americ an College of
Rheumatology 2013 classification criteria of the disease.
Patients with ssSSc may also secondarily develop skin fibro-
sis, although this question is still to be explored.

To date, little is known on the natural history of skin
involvement and on skin manifestations (digital ulcers, tel-
angiectasias, or puffy fingers) in patients with ssSSc. Previ-
ous studies exploring this subset had limited statistical
power due to small sample size, precluding relevant evalua-
tions of skin outcomes.10-12 These studies were mainly
based on single-center or nationwide cohorts, and data on
patients with ssSSc from multicentric international cohorts
are still missing. To our knowledge, there are no interna-
tional studies exploring risk factors of skin fibrosis onset in
patients with ssSSc. The present study aimed to character-
ize the main clinical features, with a specific focus on

cutaneous manifestations, of patients with ssSSc in
comparison with lcSSc and dcSSc within the international
EUSTAR (European Scleroderma Trials and Research)
database.

Methods
EUSTAR Cohort
The EUSTAR database prospectively collects data from par-
ticipating centers using a predetermined data set. The struc-
ture of the database, the collected data set, and definitions
of clinical variables have been previously published in
detail.21,24 All included patients provided written consent
with institutional review board authorization from each
center. The EUSTAR database and this study comply with
the recommendations of the Declaration of Helsinki. For
this study, data extraction was performed in November
2020 (n = 19 115 patients entered in EUSTAR).

Patient Population and Definitions of SSc Sine Scleroderma
All patients from the EUSTAR database (1) fulfilling the
American College of Rheumatology 2013 or 1980 classifica-
tion criteria for SSc and with available date of first non-RP
symptom, (2) assessed by the modified Rodnan Skin score
(mRSS) at inclusion, (3) with at least 1 follow-up visit and
available disease duration based on the first non-RP symp-
tom were eligible for the study (n = 4263).25,26 The defini-
tion of ssSSc was derived from Diab et al10 and included all
patients without skin fibrosis (mRSS = 0 and no sclerodac-
tyly) at all available visits (including baseline and all
follow-up visits). Survival and clinical characteristics of
patients with ssSSc were compared with those of patients
with dcSSc and lcSSc, matched by disease duration (±1 year)
at last available visit. The pairing ratio was 2 patients with
lcSSc and 2 patients with dcSSc for 1 patient with ssSSc.
Interstitial lung disease (ILD) was attested by the presence
of signs of ILD on high-resolution computed tomography

Key Points
Question What are the main clinical features of systemic sclerosis
(SSc) sine scleroderma (ssSSc) compared with limited cutaneous
SSc (lcSSc) and diffuse cutaneous SSc (dcSSc) within the EUSTAR
database?

Findings In this cohort study of 4263 patients, 376 patients
(8.8%) were classified as having ssSSc, and survival was higher in
patients with ssSSc compared with lcSSc and dcSSc. The only
independent factor for the onset of skin fibrosis in ssSSc was
anti–Scl-70 antibody positivity; patients with ssSSc had a lower
prevalence of previous or current digital ulcers than patients with
lcSSc and dcSSc, and skin telangiectasias were associated with
diastolic dysfunction in patients with ssSSc.

Meaning Systemic sclerosis sine scleroderma accounted for
nearly 10% of patients with SSc; cutaneous findings in this
subgroup may be associated with internal organ dysfunction, and
in particular, skin telangiectasias in ssSSc were associated with
diastolic heart dysfunction.
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(HRCT) and/or radiography, or when a date for a diagnosis
of ILD was notified by the evaluator any time during the
study. Current digital ulcers (DUs) were recorded by physi-
cians. The history of DUs was based on medical record and
patients’ reporting.

Mortality
All-cause mortality was assessed in patients with ssSSc and in
paired patients with dcSSc and lcSSc until last available visit.
Systemic sclerosis–related cause of death was not available in
the EUSTAR database and was thus not explored.

Statistical Analysis
Statistical methods are detailed in eMethods in Supple-
ment 1. Comparison between groups were assessed using
t test for quantitative variables with Gaussian distribution,
Wilcoxon rank sum test for quantitative variables with non-
Gaussian distribution, and χ2 or Fisher exact test as appro-
priate for qualitative variables. We performed all tests with a
significance level of P < .05 (2-tailed). Analyses were
conducted in SAS, version 9.4 (SAS Institute), and figures
were plotted via R package “survival” and “survminer”
(R, version 4.0.2; R Foundation for Statistical Computing).

Results
Clinical Characteristics of Patients With ssSSc at Inclusion
and Risk Factors for Onset of Skin Fibrosis
Among the 4263 eligible patients from EUSTAR based on
availability of mRSS at baseline and during follow-up, 376
(8.8%) (mean [SD] age, 55.3 [13.9] years; 345 [91.8%] were
female) were classified as having constant ssSSc according
to the adapted 2014 definition of Diab et al10 (eFigure in
Supplement 1). In terms of phenotype at inclusion visit, the
majority of patients with constant ssSSc had RP (97.2%)
(Table 1). Key dermatological features at inclusion visit
included telangiectasias in 47.8%, puffy fingers in 40.3%,
current or previous DUs in 4.7% and 19.0%, respectively,
and pitting scars in 11.5% of patients with ssSSc. The most
frequent visceral manifestations at inclusion visit were
esophageal symptoms (57%) and ILD (39.4%) (Table 1). Pres-
ence of anticentromere antibodies was reported in 61% of
patients with ssSSc, followed by antitopoisomerase antibod-
ies (anti–Scl-70) in 15.1% of the patients.

Among the 4263 eligible patients, in addition to the 376
patients with constant ssSSc, 184 patients (4.3%) had no skin
fibrosis at inclusion visit but showed skin fibrosis onset dur-
ing follow-up (eFigure in Supplement 1), with 171 of them sub-
sequently fulfilling the definition of lcSSc and 13 the defini-
tion of dcSSc. In multivariable analysis, the only independent
risk factor for the onset of skin fibrosis (ie, progression from
ssSSc to cutaneous SSc, either lcSSc or dcSSc) in these base-
line patients with ssSSc was the positivity for antitopoisom-
erase antibody (anti–Scl-70) (odds ratio, 3.078; 95% CI, 1.227-
7.725; P = .02) (Table 2). The presence of puffy fingers at
baseline was not associated with the onset of skin fibrosis in
ssSSc.

Table 1. Baseline Characteristics (Inclusion Visit) of Patients
With Constant ssSSc (ie Without Skin Fibrosis Ever, at Baseline,
or During Follow-up)

Characteristics at inclusion visit

Data
available, No.
(n = 376)

ssSSc at inclusion
visit, No. (%)
(n = 376)

Demographics

Age, mean (SD), y 376 55.3 (13.9)

Sex

Female 376 345 (91.8)

Male 376 31 (8.2)

Disease duration since first non-RP
symptom, mean (SD), y

376 8.3 (9.4)

Disease duration since RP onset,
mean (SD), y

338 11.9 (11.7)

Definition of ssSSc (adapted
from Diab et al,10 2014)

376 376 (100)

Composite definition of ssSSc
(adapted from Poormoghim et al,12

2000)

376 323 (85.9)

Disease characteristics

Skin manifestations

RP 353 343 (97.2)

Telangiectasia 276 132 (47.8)

Current DUs 274 13 (4.7)

Previous DUs 274 52 (19.0)

Current pitting scars 269 31 (11.5)

Previous pitting scars 269 31 (11.5)

Current puffy fingers 365 147 (40.3)

Previous puffy fingers 365 26 (7.1)

Other manifestations

Joint synovitis 373 28 (7.5)

Tendon friction rubs 369 5 (1.4)

Muscle weakness 376 48 (12.8)

CK elevation 280 16 (5.7)

Esophageal symptoms 374 213 (57.0)

Stomach symptoms 369 61 (16.5)

Intestinal symptoms 373 101 (27.1)

History of scleroderma renal crisis 375 6 (1.6)

Proteinuria 313 16 (5.1)

Lung fibrosis on radiography
or HRCT or presence of ILD

327 129 (39.4)

DLCO (%pred), mean (SD) 315 73.6 (21.1)

FVC (%pred), mean (SD) 328 102.6 (21.5)

TLC (%pred), mean (SD) 246 99.6 (20.9)

sPAP >40 mm Hg
(echocardiography)

259 20 (7.7)

Left ventricular ejection
fraction (%), mean (SD)

301 61.9 (6.2)

Diastolic heart dysfunction 301 80 (26.6)

Conduction block 274 25 (9.1)

Disease activity at baseline

EScSG disease activity index
(2001), mean (SD)

354 0.8 (1.0)

EScSG disease activity index
(2016), mean (SD)

376 0.4 (0.8)

(continued)
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Clinical Phenotype of ssSSc
Depending on Presence of Key Skin Manifestations
In comparison with patients with ssSSc with no DUs ever, pa-
tients with ssSSc who experienced DUs (history of DUs or DUs
during follow-up) tended to be younger, with more frequent
esophageal manifestations and higher prevalence of creatine
kinase elevation at last available visit in univariate and mul-
tivariate analysis (Table 3). No antibody subtype was associ-
ated with DUs at entry or during follow-up in ssSSc. Digital ul-
cers were associated with the presence of digital pitting scars
but not with puffy fingers.

Patients with sine scleroderma with skin telangiectasias
had longer disease duration in multivariate analysis, more fre-
quent intestinal symptoms, and more frequent diastolic dys-
function, suggesting an association between skin telangiec-
tasias and visceral microangiopathy in patients with ssSSc
(Table 4). In univariate analysis, patients with ssSSc with skin
telangiectasias also had a higher prevalence of history of or cur-
rently elevated systolic pulmonary arterial pressure (>40 mm
Hg), although this result was not significant in multivariate
analysis (Table 4).

There were no relevant clinical characteristics differentiat-
ing patients with ssSSc with or without puffy fingers, notably in
terms of disease duration (eTable 1 in Supplement 1). Regarding
visceral involvement in ssSSc, the presence of ILD and/or lung
fibrosis on HRCT or lung radiography was associated with a
higher prevalence of dyspnea and altered pulmonary function
test parameters (eTables 3 and 4 in Supplement 1).

Comparison With lcSSc and dcSSc at Last Available Visit
Based on disease duration since the presence of the first non-RP
symptom at last available visit, 354 patients with ssSSc were
paired to 708 patients with lcSSc and 708 patients with dcSSc
(eFigure in Supplement 1). Patients with ssSSc were less likely

to be men (8.8%) in comparison with both lcSSc (15.7% of men;
P = .002) and dcSSc (25.7% of men; P < .001). Patients with
ssSSc had a lower prevalence of previous or current DUs (28.2%
vs 53.1% in lcSSc; P < .001; and 68.3% in dcSSc; P < .001) de-
spite similar prevalence for RP (Figure, A; eTable 2 in Supple-
ment 1). Patients with ssSSc also had a lower prevalence of puffy
fingers (ever) (63.8% vs 82.4% in lcSSc; P < .001; and 87.6% in
dcSSc; P < .001). Skin telangiectasias were also less frequent
in patients with ssSSc (65.8%) compared with patients with
lcSSc (74.7%; P < .001) or with dcSSc (79.7%; P < .001) (Figure,
A; eTable 2 in Supplement 1).

Pulmonary hypertension or conduction blocks were more
frequent in patients with lcSSc and dcSSc in comparison with
ssSSc. Prevalence of diastolic dysfunction was similar in all sub-
sets (eTable 2 in Supplement 1). The prevalence of ILD was simi-
lar in ssSSc and lcSSc (49.8% and 57.1%; P = .03) and signifi-
cantly higher in dcSSc (75.0%; P < .001). There were no
significant differences in the prevalence of scleroderma renal cri-
sis among the 3 subsets (Figure, A; eTable 2 in Supplement 1).

Regarding therapeutics, although almost half of patients
with ssSSc (49.4%) had received immunomodulatory thera-
pies at some point during their disease course; these treat-
ments were less frequently prescribed in ssSSc than in lcSSc
(64.2%; P < .001) and dcSSc (75.0%; P < .001) (eTable 2 in
Supplement 1). Calcium channel inhibitors and sildenafil were
equally prescribed among all disease subsets, while DU-
related therapies (including bosentan or iloprost) were less fre-
quently prescribed for patients with ssSSc compared with pa-
tients with lcSSc and dcSSc (eTable 2 in Supplement 1).

In survival analyses, median (IQR) follow-up duration was
3.3 (1.6-6.1) years. Overall survival tended to be higher in pa-
tients with ssSSc compared with lcSSc (P = .06) and was sig-
nificantly higher compared with dcSSc (P < .001), all matched
for disease duration at last available visit (supporting data in
Figure, B). Overall survival was also significantly lower in dcSSc
compared with lcSSc (P = .009; Figure, B).

Discussion
This cohort study based on the EUSTAR longitudinal database,
including more than 350 patients with ssSSc, provides unique
insight on this specific SSc subtype and the associated skin mani-
festations. The numbers of patients with ssSSc in previous stud-
ies exploring this subset were 48 in the Pittsburgh cohort,12 57
in the Canadian registry,10 79 in the Brazilian cohort,11 22 in the
German registry,27 and 118 in the Spanish registry.28 Of note, the
Spanish and German studies did not focus on patients with ssSSc,
but only mentioned the clinical characteristics of this subset
among others.27,28 To our knowledge, it is also the first interna-
tional multicenter study specifically exploring patients with
ssSSc. Our results suggest that ssSSc is not a rare subset, as it ac-
counted for almost 10% of patients with SSc in the EUSTAR reg-
istry. Although lcSSc and ssSSc have so far been mostly consid-
ered as similar nosological entities, the present study highlights
key differences in terms of clinical phenotype and survival, fur-
ther supporting the need to separate ssSSc from lcSSc for future
investigations.10,12

Table 1. Baseline Characteristics (Inclusion Visit) of Patients
With Constant ssSSc (ie Without Skin Fibrosis Ever, at Baseline,
or During Follow-up) (continued)

Characteristics at inclusion visit

Data
available, No.
(n = 376)

ssSSc at inclusion
visit, No. (%)
(n = 376)

Immunological findings

ANA+ 373 360 (96.5)

ACA+ 359 219 (61.0)

ATA+ 357 54 (15.1)

RNA pol III+ 252 7 (2.8)

PmScl+ 236 12 (5.1)

U1RNP+ 281 12 (4.3)

CRP >5 mg/L 250 5 (2.0)

Abbreviations: ACA, anticentromere antibodies; ANA, antinuclear antibodies;
ATA, antitopoisomerase I antibodies; CK, creatine kinase; CRP, C-reactive
protein; DLCO, diffusion capacities of carbon monoxide; DUs, digital ulcers;
EScSG, European Systemic Sclerosis research group; FVC, forced vital capacity;
HRCT, high-resolution computed tomography; ILD, interstitial lung disease;
%pred, percent predicted; RNA pol III, anti–RNA polymerase III antibodies; RP,
Raynaud phenomenon; sPAP, systolic pulmonary arterial pressure; ssSSc,
systemic sclerosis sine scleroderma; TLC, total lung capacities; U1RNP, anti–U1
ribonuclease protein antibodies.

Research Original Investigation Cutaneous Manifestations, Clinical Characteristics, and Prognosis of Systemic Sclerosis Sine Scleroderma

840 JAMA Dermatology August 2023 Volume 159, Number 8 (Reprinted) jamadermatology.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Leiden University Libraries user on 06/21/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.1729?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2023.1729
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.1729?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2023.1729
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.1729?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2023.1729
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.1729?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2023.1729
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.1729?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2023.1729
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.1729?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2023.1729
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.1729?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2023.1729
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.1729?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2023.1729
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.1729?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2023.1729
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.1729?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2023.1729
http://www.jamadermatology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2023.1729


In our study, in patients that could be classified as having
ssSSc at the inclusion visit but whose disease then pro-
gressed to lcSSc or dcSSc, the only independent risk factor for
progression, ie, risk factor for the onset of skin fibrosis, was
the positivity for anti–Scl-70 antibodies. This population of pa-
tients with ssSSc with positivity for anti–Scl-70 antibodies
might be a new population to be considered for therapeutic
trials with early SSc aiming at reducing the progression of skin
fibrosis, as the inclusion of these patients at an early stage may
show that active therapy could prevent the onset of skin fi-

brosis in this specific Scl-70–positive population of patients
with ssSSc.29-31 Puffy fingers were not associated with the on-
set of skin fibrosis in patients with ssSSc experiencing skin fi-
brosis during follow-up, and disease duration as well as the
prevalence of anti–Scl-70 antibodies between ssSSc with or
without puffy fingers were similar, suggesting that the hy-
pothesis regarding a potential continuum between puffy fin-
gers and sclerodactyly may not be accurate in all patients with
SSc.32,33 Histological characterization of puffy fingers may help
to understand if such manifestations are the result of early in-

Table 2. Risk Factors for Onset of Skin Fibrosis During Follow-up in ssSSc
(ie, Risk Factors of Progression to lcSSc or dcSSc During Follow-up)

Characteristics of patients
at inclusion visit

Parameters at inclusion visit associated with onset of skin fibrosis in patients
with ssSSc during follow-up

Univariate analysis Multivariate analysis

Odds ratio (95% CI) P value Odds ratio (95% CI) P value
Age, y 0.987 (0.975-1.000) .04 1.016 (0.989-1.044) .24

Sex (reference = female) 1.511 (0.848-2.692) .16 0.926 (0.281-3.048) .90

Disease duration since first non-RP
symptom

0.989 (0.970-1.009) .27 NA NA

Disease duration since RP onset 0.985 (0.969-1.003) .09 1.005 (0.971-1.041) .77

RP (reference = no) 1.651 (0.449-6.077) .45 NA NA

Telangiectasia (reference = no) 1.045 (0.651-1.675) .86 NA NA

DUs (reference = never) 1.582 (0.948-2.641) .08 1.745 (0.627-4.859) .29

Pitting scars (reference = never) 1.533 (0.902-2.603) .11 2.348 (0.837-6.582) .10

Puffy fingers (reference = never) 0.890 (0.619-1.280) .53 NA NA

Joint synovitis (reference = no) 1.771 (0.989-3.172) .05 1.078 (0.348-3.333) .90

Tendon friction rubs (reference = no) 1.220 (0.288-5.163) .79 NA NA

Muscle weakness (reference = no) 1.376 (0.838-2.258) .21 NA NA

CK elevation (reference = no) 1.820 (0.873-3.792) .11 1.282 (0.336-4.889) .72

Esophageal symptoms (reference = no) 0.911 (0.638-1.300) .61 NA NA

Stomach symptoms (reference = no) 1.237 (0.783-1.952) .36 NA NA

Intestinal symptoms (reference = no) 1.012 (0.680-1.506) .95 NA NA

History of scleroderma renal crisis
(reference = no)

0.347 (0.042-2.908) .33 NA NA

Proteinuria (reference = no) 0.748 (0.287-1.950) .55 NA NA

Lung fibrosis on radiography or HRCT
or presence of ILD (reference = no)

0.625 (0.415-0.940) .02 0.851 (0.369-1.961) .70

Significant dyspnea (reference = no) 0.481 (0.178-1.300) .15 <0.001
(<0.001->999.999)

.98

DLCO (%pred) 1.001 (0.992-1.011) .75 NA NA

FVC (%pred) 1.000 (0.991-1.009) .98 NA NA

TLC (%pred) 0.999 (0.988-1.011) .91 NA NA

sPAP >40 mm Hg (reference = no) 1.124 (0.521-2.422) .77 NA NA

Left ventricular ejection fraction 0.996 (0.964-1.030) .83 NA NA

Diastolic heart dysfunction
(reference = no)

0.810 (0.511-1.282) .37 NA NA

Conduction block (reference = no) 0.772 (0.360-1.657) .51 NA NA

EScSG disease activity index (2001) 1.080 (0.907-1.286) .39 NA NA

EScSG disease activity index (2016) 0.815 (0.638-1.041) .10 1.070 (0.738-1.551) .72

ANA+ (reference = negative) 0.887 (0.348-2.264) .80 NA NA

ACA+ (reference = negative) 0.849 (0.586-1.230) .39 NA NA

ATA+ (reference = negative) 1.930 (1.229-3.032) .004 3.078 (1.227-7.725) .02

RNA pol III+ (reference = negative) 1.843 (0.571-5.948) .31 NA NA

PmScl+ (reference = negative) 0.839 (0.264-2.671) .77 NA NA

U1RNP+ (reference = negative) 0.966 (0.333-2.805) .95 NA NA

CRP >5 mg/L (reference = no) 1.181 (0.225-6.201) .84 NA NA

Abbreviations: ACA, anticentromere
antibodies; ANA, antinuclear
antibodies; ATA, antitopoisomerase I
antibodies; CK, creatine kinase; CRP,
C-reactive protein; DLCO, diffusion
capacities of carbon monoxide;
dcSSc, diffuse cutaneous systemic
sclerosis; DUs, digital ulcers; EScSG,
European Systemic Sclerosis research
group; FVC, forced vital capacity;
HRCT, high-resolution computed
tomography; ILD, interstitial lung
disease; lcSSc, limited cutaneous
systemic sclerosis; NA, not
applicable; %pred, percent
predicted; RNA pol III, anti–RNA
polymerase III antibodies; RP,
Raynaud phenomenon; sPAP, systolic
pulmonary arterial pressure; ssSSc,
systemic sclerosis sine scleroderma;
TLC, total lung capacities; U1RNP,
anti–U1 ribonuclease protein
antibodies.
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flammatory infiltrate and/or subsequent to vascular
leakage.31,33-35

Considering the large sample size of patients with ssSSc
in our study, we were able to explore parameters associated
with other skin manifestations, including DUs and skin telan-
giectasias in this population. Our study revealed that pa-
tients with ssSSc with DU tended to have a higher prevalence
of anti-U1RNP antibodies, an antibody classically associated
with mixed connective tissue disease (MCTD or Sharp syn-
drome). The association of DUs with creatine kinase eleva-
tion in patients with ssSSc also suggested some phenotypic

similarities between patients with ssSSc with digital ische-
mia and patients with MCTD.36 In comparison with patients
with lcSSc, patients with ssSSc had a lower prevalence of DUs.
This higher prevalence of DUs in lcSSc compared with ssSSc
is consistent with data from the Pittsburgh cohort, the Canadian
registry, and the Brazilian registry.10-12 Our results confirm that
lcSSc have more severe peripheral skin manifestations and sug-
gest that skin fibrosis of the finger pulp (ie, sclerodactyly), the
main dermatological feature differentiating lcSSc and ssSSc,
directly participates in the pathogenesis of DUs in these
patients.

Table 3. Clinical Characteristics Associated With DUs Ever
(ie, History of DUs at Inclusion and/or DUs During Follow-up) in Patients With ssSSc

Characteristics of patients with ssSSc at
last visit

Univariate modeling for DUs (ever)
vs never

Multivariable modeling for DUs
(ever) vs never

Odds ratio (95% CI) P value Odds ratio (95% CI) P value
Age at last visit, y 0.984 (0.968-1.001) .06 0.971 (0.949-0.994) .01

Sex (reference = female) 1.071 (0.453-2.532) .88 NA NA

Disease duration since RP onset
(last visit), y

0.993 (0.972-1.013) .48 NA NA

RP (reference = never) >999.999
(<0.001->999.999)

.99 NA NA

Telangiectasia (reference = never) 0.737 (0.455-1.191) .21 NA NA

Pitting scars (reference = never) 15.334 (8.733-26.924) <.001 NA NA

Puffy fingers (reference = never) 1.085 (0.661-1.780) .75 NA NA

Joint synovitis (reference = never) 0.695 (0.364-1.327) .27 NA NA

Tendon friction rubs (reference = never) 1.962 (0.868-4.433) .10 2.416 (0.888-6.574) .08

CK elevation (reference = never) 2.008 (0.988-4.084) .05 3.268 (1.388-7.694) .007

Esophageal symptoms
(reference = never)

2.491 (1.331-4.663) .004 4.797 (1.806-12.741) .002

Stomach symptoms (reference = never) 1.308 (0.809-2.115) .27 NA NA

Intestinal symptoms (reference = never) 0.947 (0.596-1.505) .82 NA NA

History of scleroderma renal crisis
(reference = never)

0.717 (0.146-3.513) .68 NA NA

Proteinuria (reference = never) 0.784 (0.367-1.673) .53 NA NA

Lung fibrosis on radiography or HRCT
or presence of ILD (reference = never)

0.813 (0.505-1.309) .39 NA NA

Significant dyspnea (reference = never) 1.088 (0.564-2.100) .80 NA NA

DLCO (%pred) (last visit) 0.992 (0.977-1.007) .31 NA NA

FVC (%pred) (last visit) 0.999 (0.986-1.011) .82 NA NA

TLC (%pred) (last visit) 1.001 (0.985-1.017) .89 NA NA

sPAP >40 mm Hg (reference = never) 1.170 (0.546-2.505) .69 NA NA

Pulmonary hypertension
(reference = never)

0.996 (0.508-1.955) .99 NA NA

Left ventricular ejection fraction
(last visit)

0.959 (0.907-1.014) .14 NA NA

Diastolic heart dysfunction
(reference = never)

0.970 (0.598-1.573) .90 NA NA

Conduction block (reference = never) 0.501 (0.240-1.046) .07 0.401 (0.160-1.005) .05

EScSG disease activity index (2001)
(last visit)

0.651 (0.423-1.004) .05 NA NA

EScSG disease activity index (2016)
(last visit)

0.658 (0.377-1.148) .14 0.433 (0.179-1.052) .06

ANA+ (reference = negative) 2.788 (0.339-22.958) .34 NA NA

ACA+ (reference = negative) 0.982 (0.607-1.589) .94 NA NA

ATA+ (reference = negative) 1.010 (0.545-1.873) .97 NA NA

RNA pol III+ (reference = negative) 0.451 (0.098-2.079) .31 NA NA

PmScl+ (reference = negative) 0.923 (0.285-2.986) .89 NA NA

U1RNP+ (reference = negative) 2.666 (0.969-7.330) .06 2.323 (0.702-7.685) .17

CRP >5 mg/L (reference = never) 0.553 (0.203-1.506) .25 NA NA

Abbreviations: ACA, anticentromere
antibodies; ANA, antinuclear
antibodies; ATA, antitopoisomerase I
antibodies; CK, creatine kinase; CRP,
C-reactive protein; DLCO, diffusion
capacities of carbon monoxide; DUs,
digital ulcers; EScSG, European
Systemic Sclerosis research group;
FVC, forced vital capacity; HRCT,
high-resolution computed
tomography; ILD, interstitial lung
disease; NA, not applicable; %pred,
percent predicted; RNA pol III,
anti–RNA polymerase III antibodies;
RP, Raynaud phenomenon; sPAP,
systolic pulmonary arterial pressure;
ssSSc, systemic sclerosis sine
scleroderma; TLC, total lung
capacities; U1RNP, anti–U1
ribonuclease protein antibodies.
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Skin telangiectasias in patients with ssSSc were associ-
ated with important visceral manifestations, such
as elevated systolic pulmonary arterial pressure on echocar-
diography in univariate analysis or intestinal symptoms and
diastolic dysfunction in univariate and multivariate
analysis, independently from age or disease duration.37

This result is consistent with previous results in SSc and
strengthens the need for a careful assessment of all skin
manifestations of SSc, as nonfibrotic skin manifestations of

the disease may also inform on the risk of visceral
manifestations.4 This association of skin telangiectasias
with some cardiac manifestations and digestive involve-
ment in ssSSc also strengthens the hypothesis that SSc-
related vasculopathy is involved in the pathogenesis of
these visceral manifestations.34,35,38

The ssSSc subtype should not be neglected considering
the prevalence of severe visceral manifestations. Our study
reveals a high prevalence of ILD in patients with ssSSc, as

Table 4. Clinical Characteristics Associated With Telangiectasia (Ever) in Patients With ssSSc

Characteristics of patients with ssSSc
at last visit

Univariate modeling for telangiectasia
(ever vs never)

Multivariable modeling for
telangiectasia (ever vs never)

Odds ratio (95% CI) P value Odds ratio (95% CI) P value
Age at last visit, y 1.013 (0.997-1.030) .10 0.991 (0.964-1.019) .51

Sex (reference = female) 0.721 (0.323-1.606) .42 NA NA

Disease duration since RP onset
(last visit), y

1.031 (1.009-1.053) .006 1.057 (1.015-1.101) .007

RP (reference = never) <0.001 (<0.001->999.999) .99 NA NA

Puffy fingers (reference = never) 1.013 (0.635-1.616) .96 NA NA

Pitting scars (reference = never) 1.093 (0.680-1.757) .71 NA NA

DUs (reference = never) 0.737 (0.455-1.191) .21 NA NA

Joint synovitis (reference = never) 2.732 (1.366-5.464) .004 2.583 (0.911-7.324) .07

Tendon friction rubs
(reference = never)

1.759 (0.687-4.504) .24 NA NA

CK elevation (reference = never) 0.743 (0.365-1.512) .41 NA NA

Esophageal symptoms
(reference = never)

0.978 (0.586-1.633) .93 NA NA

Stomach symptoms
(reference = never)

1.448 (0.904-2.319) .12 0.509 (0.237-1.096) .08

Intestinal symptoms
(reference = never)

1.872 (1.200-2.921) .006 2.479 (1.185-5.187) .02

History of scleroderma renal crisis
(reference = never)

1.017 (0.250-4.141) .98 NA NA

Proteinuria (reference = never) 1.050 (0.521-2.116) .89 NA NA

Lung fibrosis on radiography
or HRCT or presence of ILD
(reference = never)

0.975 (0.618-1.536) .91 NA NA

Significant dyspnea
(reference = never)

1.670 (0.851-3.275) .14 1.328 (0.438-4.025) .62

DLCO (%pred) (last visit) 0.988 (0.973-1.003) .11 NA NA

FVC (%pred) (last visit) 0.997 (0.985-1.009) .61 NA NA

TLC (%pred) (last visit) 1.009 (0.994-1.024) .25 NA NA

sPAP >40 mm Hg (reference = never) 2.714 (1.091-6.753) .03 2.204 (0.553-8.793) .26

Pulmonary hypertension
(reference = never)

0.938 (0.500-1.760) .84 NA NA

Left ventricular ejection fraction
(last visit)

0.997 (0.944-1.052) .90 NA NA

Diastolic heart dysfunction
(reference = never)

4.986 (2.891-8.601) <.001 4.778 (2.060-11.081) <.001

Conduction block (reference = never) 1.800 (0.902-3.593) .10 0.634 (0.243-1.656) .35

EScSG disease activity index (2001)
(last visit)

1.707 (1.131-2.576) .01 NA NA

EScSG disease activity index (2016)
(last visit)

1.155 (0.755-1.767) .51 NA NA

ANA+ (reference = negative) 0.647 (0.129-3.255) .60 NA NA

ACA+ (reference = negative) 1.294 (0.822-2.038) .27 NA NA

ATA+ (reference = negative) 0.843 (0.477-1.492) .56 NA NA

RNA pol III+ (reference = negative) 3.036 (0.661-13.954) .15 1.673 (0.312-8.961) .55

PmScl+ (reference = negative) 2.247 (0.619-8.152) .22 NA NA

U1RNP+ (reference = negative) 2.653 (0.746-9.431) .13 1.621 (0.303-8.684) .57

CRP >5 mg/L (reference = never) 1.464 (0.599-3.575) .40 NA NA

Abbreviations: ACA, anticentromere
antibodies; ANA, antinuclear
antibodies; ATA, antitopoisomerase I
antibodies; CK, creatine kinase; CRP,
C-reactive protein; DLCO, diffusion
capacities of carbon monoxide; DUs,
digital ulcers; EScSG, European
Systemic Sclerosis research group;
FVC, forced vital capacity; HRCT,
high-resolution computed
tomography; ILD, interstitial lung
disease; NA, not applicable; %pred,
percent predicted; RNA pol III,
anti–RNA polymerase III antibodies;
RP, Raynaud phenomenon; sPAP,
systolic pulmonary arterial pressure;
ssSSc, systemic sclerosis sine
scleroderma; TLC, total lung
capacities; U1RNP, anti–U1
ribonuclease protein antibodies.
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ILD and/or lung fibrosis was reported in almost 40% of
included patients. This important finding supports that
even patients with SSc without skin fibrosis should be
investigated at baseline by HRCT.39-42 Although ILD was less
severe in patients with ssSSc than in other cutaneous sub-
sets, the high prevalence of ILD in ssSSc also suggests that
the pathogenesis driving skin fibrosis and lung fibrosis may
differ.43 Almost 3% of patients with ssSSc had scleroderma
renal crisis, and this prevalence was not different in patients
with dcSSc (5%; P > .99). These results confirm the systemic
nature of SSc with widespread visceral involvement in the
sine scleroderma subset as well. From a nosological view-
point, our data strengthen the need to abandon the naming
scleroderma and to systematically prefer using systemic scle-
rosis to designate the disease and its related visceral mani-
festations, such as SSc-ILD or SSc renal crisis, since these
manifestations are not uncommon in patients with sine
scleroderma, ie, patients without scleroderma.2,44 As
recently proposed for the taxonomy of morphea (ie, local-
ized scleroderma) in JAMA Dermatology,44,45 our data sug-
gest that the nosological frame of SSc should be revised, and
the term SSc should definitively replace scleroderma when
designating this systemic autoimmune disease. Beyond
these considerations on naming, there is a current initiative

for a revision of SSc subsets, from the 1988 LeRoy classifica-
tion based on skin involvement (ie, lcSSc vs dcSSc) to a more
refined classification including autoantibodies and gene
expression patterns to predict clinical trajectories in
patients with SSc.2,3,46-50 Our study strengthens the rel-
evance of autoantibody subtypes to predict clinical trajecto-
ries, as the presence of anti–Scl-70 antibodies (antitopoi-
somerase I antibodies) was an independent risk factor of the
onset of skin fibrosis in patients with ssSSc. Moreover, in
univariate analyses, anti–Scl-70 antibodies were associated
with ILD, and anti-U1RNP antibodies were associated with
DUs in patients with ssSSc, strengthening the relevance of
using autoantibody subtypes to define specific phenotypes
within the subsets defined by the extent of skin fibrosis.
The specific gene signatures in the skin or blood are still to
be further explored in patients with ssSSc but may partici-
pate in implementing personalized medicine in SSc by refin-
ing the current subsets.5,51

Limitations and Strengths
Our study comes with limitations, including our selection
strategy of patients with ssSSc in EUSTAR: only considering
patients with mRSS of 0 at all visits may have led to a selec-
tion bias and to underestimation of the prevalence of ssSSc;

Figure. Comparison of Clinical Presentation and Survival of Patients
With ssSSc vs Cutaneous Subsets (lcSSc and dcSSc)
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isolated puffy fingers with no skin fibrosis can be rated as
Rodnan 2 by some experts, and patients with puffy fingers
and Rodnan skin score 1 or 2 (1 for fingers on 1 or both
hands) may therefore either match the definition of ssSSc or
lcSSc. We thus decided to exclude these patients from our
selection strategy of patients with ssSSc to ensure that no
patients with lcSSc were wrongly classified as having ssSSc
in our study. The prevalence of ssSSc could then be even
higher than 10%, supporting the importance of further con-
sidering and better characterizing the ssSSc subset. Despite
the large sample size allowed by the EUSTAR cohort
(n = 19 115 patients with SSc), the number of patients with
dcSSc to be paired with patients with ssSSc with similar dis-
ease duration was limited, and only 354 patients with ssSSc
were included in the comparison analysis to preserve the 1
patient with ssSSc for 2 patients with dcSSc ratio. The
EUSTAR database does not include data on itching, specific
cause of death, or overlap syndromes; thus, we could not
further explore these questions. The number of missing
data on Nailfold capillaroscopy and the lack of systematic
screening for calcinosis in EUSTAR precluded relevant
analyses regarding these parameters.

Thestrengthsofthisstudyincludeits largessSScsamplesize.
To our knowledge, it is the largest study ever conducted on this
specific subtype, allowing unprecedented subgroup analyses
with statistical power to explore skin manifestations and sur-
vival differences with lcSSc and dcSSc. To our knowledge, this
study is the first international multicenter study conducted on

patients with ssSSc, offering greater generalizability than pre-
vious studies.

Conclusions
In this cohort study, ssSSc accounted for almost 10% of all
patients with SSc. The positivity for anti–Scl-70 was the only
independent parameters associated with the onset of skin
fibrosis in ssSSc, strengthening the relevance of antibody
subtypes to predict the trajectory of skin involvement in
patients with SSc. Systemic sclerosis sine scleroderma
should not be neglected, considering the high prevalence of
ILD (>40%) and of scleroderma renal crisis (almost 3%).
Dermatologists should be aware of the prevalence of these
visceral associations in ssSSc and their associations with
cutaneous findings. Even in patients without skin fibrosis,
the assessment of other dermatological features, such as
skin telangiectasias, is of utmost importance, as such nonfi-
brotic manifestations were also associated with visceral
manifestations, such as diastolic dysfunction. Acknowledg-
ing the specific prognosis and phenotype of ssSSc is among
the necessary steps toward precision medicine and updated
classification for SSc, and the term systemic sclerosis should
be systematically preferred to scleroderma when designat-
ing this systemic autoimmune disease to reflect the risk of
organ involvement even in patients without skin fibrosis, ie,
sine (without) scleroderma.2,5,13,47,52
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