
   1Batani V, et al. RMD Open 2026;12:e006495. doi:10.1136/rmdopen-2025-006495

ORIGINAL RESEARCH

Clinical and serological features of 
triple autoantibody-negative patients 
with systemic sclerosis: insights from 
the multicentric SPRING registry of the 
Italian Society for Rheumatology

Veronica Batani,1,2,3 Ilaria Cavazzana,4,5 Martina Orlandi,3 Rossella De Angelis  ‍ ‍ ,6 
Corrado Campochiaro  ‍ ‍ ,2 Enrico De Lorenzis  ‍ ‍ ,7 Gerlando Natalello  ‍ ‍ ,7 
Lucrezia Verardi,7 Gianluigi Bajocchi,8 Silvia Bellando-Randone,9,10 
Giovanni Zanframundo  ‍ ‍ ,11,12 Rosario Foti,13 Fabio Cacciapaglia  ‍ ‍ ,14,15 
Giovanna Cuomo,16 Alarico Ariani  ‍ ‍ ,17 Edoardo Rosato  ‍ ‍ ,18 Gemma Lepri  ‍ ‍ ,9 
Francesco Girelli,19 Valeria Riccieri,20 Elisabetta Zanatta,21 
Francesca Ingegnoli  ‍ ‍ ,22 Maria De Santis  ‍ ‍ ,23,24 Giuseppe Murdaca,25 
Giuseppina Abignano,26 Pettiti Giorgio,27 Alessandra Della Rossa,28 
Maurizio Caminiti,29 Anna Maria Iuliano,30 Lorenzo Beretta,31 
Gianluca Bagnato  ‍ ‍ ,32 Ennio Lubrano  ‍ ‍ ,33 Ilenia De Andres,34 
Luca Idolazzi  ‍ ‍ ,35 Cosimo Bruni,9 Marco Fornaro,14 Marta Saracco,36 
Cecilia Agnes,37 Edoardo Cipolletta  ‍ ‍ ,6 Federica Lumetti,3 Amelia Spinella,3 
Marco De Pinto  ‍ ‍ ,3 Luca Magnani,11 Veronica Codullo  ‍ ‍ ,11 Elisa Visalli,15 
Carlo Iandoli,16 Antonietta Gigante,18 Greta Pellegrino  ‍ ‍ ,38,39 Erika Pigatto,40 
Maria-Grazia Lazzaroni  ‍ ‍ ,4,5 Franco Franceschini,4,5 Francesca Motta,23,24 
Antonio Tonutti  ‍ ‍ ,23,24 Gianna Mennillo,26 Marco Di Battista  ‍ ‍ ,28 
Giuseppa Pagano Mariano,29 Federica Furini,41,42 Licia Vultaggio,41,42 
Simone Parisi  ‍ ‍ ,43 Clara Lisa Peroni,43 Gerolamo Bianchi,44 Enrico Fusaro,43 
Gian Domenico Sebastiani,30 Marcello Govoni,41,42 Salvatore D’Angelo  ‍ ‍ ,26 
Franco Cozzi  ‍ ‍ ,45 Serena Guiducci,9,10 Andrea Doria  ‍ ‍ ,21 Carlo Salvarani  ‍ ‍ ,8 
Florenzo Iannone  ‍ ‍ ,13 Maria Antonietta D’Agostino,7 Silvia Laura Bosello,7 
Lorenzo Dagna,1,2 Dilia Giuggioli,3 Clodoveo Ferri,3 Marco Matucci Cerinic  ‍ ‍ ,1,2 
Giacomo De Luca,1,2 On the behalf of SPRING collaborators

To cite: Batani V, Cavazzana I, 
Orlandi M, et al. Clinical and 
serological features of triple 
autoantibody-negative patients 
with systemic sclerosis: insights 
from the multicentric SPRING 
registry of the Italian Society 
for Rheumatology. RMD Open 
2026;12:e006495. doi:10.1136/
rmdopen-2025-006495

	► Additional supplemental 
material is published online only. 
To view, please visit the journal 
online (https://​doi.​org/​10.​1136/​
rmdopen-​2025-​006495).

For ‘Presented at statement’ see 
end of article.

Received 2 November 2025
Accepted 23 March 2026

For numbered affiliations see 
end of article.

Correspondence to
Dr Giacomo De Luca;  
​deluca.​giacomo@​hsr.​it

Systemic sclerosis

© Author(s) (or their 
employer(s)) 2026. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ Group.

ABSTRACT
Background  Antitopoisomerase I (ATA), anticentromere 
(ACA) and anti-RNA polymerase III (RNAP3) antibodies 
are included in the 2013 American College of 
Rheumatology/European Alliance of Associations for 
Rheumatology classification criteria for systemic sclerosis 
(SSc). A subset of patients with SSc satisfy criteria but 
may lack these specific autoantibodies, being classified as 
‘triple-negative’.
Methods  We conducted a retrospective evaluation of 
triple-negative patients with SSc prevalence and clinical 
features among the multicentric Systemic sclerosis 
Progression INvestiGation registry.
Results  Out of 1480 patients with SSc, 295 (19.9%) were 
triple-negative, while 1185 (81.1%) had  

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ The classification and clinical stratification of sys-
temic sclerosis (SSc) strongly relies on the detection 
of three major disease-related autoantibodies—
anticentromere, antitopoisomerase I and anti-RNA 
polymerase III—which are included in the 2013 
American College of Rheumatology/European 
Alliance of Associations for Rheumatology criteria; 
however, a subset of patients fulfilling classification 
criteria lacks all three prototypic antibodies and are 
defined as ‘triple-negative’.

	⇒ Little is known about the clinical profile of triple-
negative SSc.
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SSc-specific antibodies: ACA (54.3%), ATA (43.6%) and RNAP3 (2.1%). 
The triple-negative group showed a higher prevalence of myopathy 
(16.7% vs 10.1%, p=0.003), suggested by higher creatine phosphokinase 
(CPK) levels (126.2 vs 92.5 U/mL, p=0.002), more frequent CPK increase 
over 2–3 times (2.4% vs 0.2%, p=0.028). Triple-negative patients also 
exhibited fewer vascular complications, including digital ulcers (17.3% vs 
22.8%, p=0.04) and calcinosis (8.2% vs 12.8%, p=0.027), and a higher 
prevalence of interstitial lung disease (p<0.001). Consistently, lower 
diffusing capacity for carbon monoxide (66.4% vs 70.98%, p=0.004) and 
forced vital capacity (97.01% vs 102.92%, p<0.001) were found in the 
triple-negative group. Triple-negative patients more frequently received 
corticosteroids (79.3% vs 67.9%, p=0.003), cyclophosphamide (43.4% 
vs 26%, p<0.001) and azathioprine (38.5% vs 22.3%, p=0.002), while 
less frequently received prostanoids (71.6% vs 85.9%, p<0.001), calcium 
channel blockers (80.1% vs 87.7%, p=0.005) and phosphodiesterase-5 
inhibitors (4% vs 20%, p<0.001).
Conclusions  A higher prevalence of myopathy and interstitial lung 
disease and a reduced vascular burden were found in the triple-negative 
patients, suggesting that the non-specific and non-routinely tested 
autoantibodies may identify an SSc endotype resembling sclero-myositis.

INTRODUCTION
Systemic sclerosis (SSc) is a severe immune-mediated 
disease characterised by diffuse vascular damage and 
aberrant activation of the immune system, resulting in 
inflammation and fibrosis of skin and internal organs.1 
SSc is considered to have an autoimmune aetiology due 
at least to the following reasons: antinuclear antibodies 
(ANAs) are detected in >90% of patients, different 
potentially pathogenic autoantibodies targeting autoan-
tigens of various components are reported and immuno-
suppressive therapies are effective in most cases.1–3

SSc-specific autoantibodies are specifically detected in 
SSc and rarely found in other connective tissue diseases 
or in healthy subjects. The majority of patients with 
SSc test positive for anticentromere antibodies (ACA), 
anti-Scl70 or antitopoisomerase I (ATA) and anti-RNA 
polymerase III (RNAP3).4 These three prototypical SSc-
specific autoantibodies are indeed included in the 2013 
American College of Rheumatology (ACR)/European 

Alliance of Associations for Rheumatology (EULAR) 
classification criteria5 for the disease and are strongly 
associated with distinct clinical manifestations and prog-
nosis.4–6 Additional and more rarely detected SSc-related 
autoantibodies, including antifibrillarin, anti-U3 ribo-
nucleoprotein (RNP), anti-Th/To, anti-U11/U12 RNP, 
anti-U1 RNP, antipolymyositis (PM)–scleroderma (Scl) 
and anti-Ku have also been identified. However, they 
have only recently been introduced into routine clinical 
practice.2 3

Both the mechanisms by which autoantibodies are 
produced and their role in the pathogenesis of SSc 
remain unknown. However, the identification of SSc-
specific autoantibodies in each patient is clinically useful 
to diagnose and evaluate organ involvement, depicting 
a unique clinical scenario, since the type of SSc-specific 
antibody could be indicative of clinical features, severity 
and prognosis.2

However, a subset of patients with SSc satisfies defi-
nite SSc ACR/EULAR classification but lacks all three 
major SSc-specific autoantibodies, irrespective of ANA 
status. They are defined as ‘triple-negative’ patients with 
SSc, representing a clinically and immunologically less 
defined SSc endotype with poorly characterised clinical 
manifestations.4 6 Triple-negative patients with SSc have 
been previously reported in a limited number of inter-
national cohorts, mainly from Japan, Canada and the 
USA, with prevalences ranging from approximately 2% 
to 14%, depending on the definition adopted; however, 
data from Italian SSc cohorts are lacking.4 7 8 Similarly, 
little is known about the ‘quadruple-negative’ patients, 
that is, patients with definite SSc diagnosis but lacking 
ACA, ATA and RNAP3 and having ANA positivity with 
any pattern other than the nucleolar one. Importantly 
though, even the ANA nucleolar pattern alone could 
be of clinical relevance. Anti-U3 RNP, anti-Th/To and 
anti-PM–Scl, indeed, usually produce an ANA nucleolar 
pattern that is commonly associated with SSc and has 
also been described in patients with ATA or RNAP3 posi-
tivity.2 3 9

Thus, we aimed to evaluate the prevalence of ANA-
positive and triple-negative patients with SSc in the 
Italian Systemic Sclerosis Progression INvestiGation 
(SPRING) registry, the largest national cohort of patients 
with SSc, and to define their clinical demographic and 
clinical features. We also aimed to investigate the clinical 
features of quadruple-negative patients with SSc in the 
same registry.

METHODS
Study design and participants
SPRING is a multicentre national no-profit cohort study, 
promoted by Italian Society for Rheumatology (SIR) in 
2015 as part of SIR-Strategic Projects; therefore, all the 
Italian rheumatology centres and scleroderma referral 
centres were invited to participate.

WHAT THIS STUDY ADDS
	⇒ This large, multicentre study from the Italian Systemic sclerosis 
Progression INvestiGation registry shows that nearly 20% of pa-
tients with SSc are triple-negative and that this subset is char-
acterised by a higher prevalence of interstitial lung disease and 
myopathy, but a lower frequency of vascular complications.

	⇒ These patients were more frequently treated with corticosteroids 
and immunosuppressants.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ This study confirms that triple-negative patients meet current clas-
sification criteria and represent a distinct SSc endotype, providing 
new insights into the possible pathogenic role of rare or untested 
autoantibodies.

	⇒ Recognising this subset may support broader serological screening 
and more tailored treatment strategies.
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Patients were consecutively screened and enrolled 
at each participating centre according to standardised 
study procedures.

For the purpose of the study, we selected only patients 
enrolled in the SPRING registry who were aged >18 years 
and classified as having definite SSc according to the SSc 
ACR/EULAR 2013 classification criteria.5

Patient’s age was calculated at the SSc diagnosis at 
each referral centre. At the same time, patients were also 
classified based on the extent of skin sclerosis as limited 
cutaneous SSc, diffuse cutaneous SSc or sine sclero-
derma SSc in the complete absence of cutaneous scle-
rosis, as previously described.6 10 Besides, the following 
SSc-related symptoms and organ involvement were evalu-
ated according to the criteria formerly described6 11: skin 
involvement as assessed by modified Rodnan Skin Score 
(mRSS) and its worsening in the month before enrol-
ment, digital ulcers, gangrene and/or osteomyelitis11 12; 
arthritis (inflammatory changes observed in more than 
two joints); muscle weakness with/without elevated serum 
creatine kinase; oesophageal involvement (dysphagia 
and oesophageal radiographic dysmotility); pulmo-
nary involvement (dyspnoea, ground-glass opacities  
and/or bibasilar fibrosis on high-resolution CT (HRCT) 
of the lungs and/or restrictive lung disease on pulmo-
nary function tests (PFTs), including decreased diffusion 
capacity for carbon monoxide (DLCO)), cardiac involve-
ment (at least one of the following features: pericarditis, 
severe arrhythmias and/or atrioventricular conduction 
abnormalities at ECG, left ventricle diastolic dysfunction  
and/or abnormal ejection fraction <50% at Doppler 
echocardiography); pulmonary arterial hypertension 
(PAH) evaluated by means of systolic pulmonary arterial 
pressure at Doppler echocardiography and confirmed 
by right heart catheterisation according to current diag-
nostic criteria13 and scleroderma renal crisis (sudden 
onset of severe arterial hypertension together with acute 
renal failure). Comorbidities were also considered, as 
well as the history of malignancies.14

Besides routine laboratory investigations, the following 
serological markers were detected by means of stan-
dard techniques: ANA positivity and pattern, ACA and 
anti-extractable nuclear antigen antibody specificities, 
including ATA and anti-Ro/52 antibodies, RNAP3 and 
total creatine phosphokinase (CPK).

At baseline and every yearly visit, all the above-
mentioned features were collected, as well as  
previous/current treatments, including both vasoactive 
drugs (calcium channel blockers, intravenous prosta-
noids, endothelin receptor antagonists), phosphodies-
terase-5 inhibitors (PDE5) and/or ACE inhibitors and 
immunomodulants/immunosuppressors (corticoste-
roids, hydroxychloroquine, cyclophosphamide, metho-
trexate, azathioprine and/or mycophenolate mofetil).

Available information on the variables ‘ANA’, ‘ANA 
pattern’, ‘ACA’, ‘ATA’, ‘RNAP3’ and ‘other antibodies’ 
was considered for the present study. Antibodies were 
tested according to local procedures at each centre. In 

all centres, indirect immunofluorescence staining using 
human epithelial type 2 cells was used to test and confirm 
ANA positivity and to determine ANA patterns.

‘Triple-negative patients’ were defined as patients with 
SSc with a definite diagnosis, according to classification 
criteria and registry data, who had any ANA status (either 
ANA positivity, regardless of pattern or ANA negativity) 
and lacked ACA, ATA and RNAP3 antibodies. An addi-
tional group of patients with SSc named as ‘quadruple 
negative’ was considered in the presence of ANA nega-
tivity or ANA positivity with any other ANA pattern 
different from the nucleolar pattern.

Statistical analysis
Demographic and disease-related features were 
analysed through descriptive statistical results and 
were presented as number and percentage for cate-
gorical variables, otherwise as mean (SD) or median 
(IQR) according to normal or non-normal distribution. 
Cross-sectional comparisons between triple-negative 
patients with SSc and other patients with SSc, as well 
as between quadruple-negative patients with SSc and 
other patients with SSc were conducted using the χ2 test 
or Fisher’s exact test for categorical variables, and the 
Mann-Whitney U test or t-test for continuous variables, 
contingent on the data distribution and variance homo-
geneity assessed by Levene’s test. Statistical significance 
was defined as a p value <0.05 for all analyses, and all 
tests were two-tailed.

Multiple bias mitigation strategies were adopted to 
enhance the validity and reliability of this retrospective 
multicentre study. First, uniform methods and tools for 
retrospective data collection across all study centres and 
patients were implemented to mitigate information bias 
according to SPRING research protocol. Data analysis 
was performed using SPSS V.28.0 (SPSS, Chicago, Illi-
nois, USA).

RESULTS
Demographic and clinical characteristics
We included in the study 1480 patients with SSc enrolled 
in the SPRING registry with diagnosis of SSc who satis-
fied the 2013 EULAR/ACR classification criteria and 
with available data on immunological profile. Patients 
were enrolled among the 38 participating centres of the 
SPRING-SIR project, as represented in figure 1.

Considering the entire cohort, the majority of patients 
were females (88.4%), with a mean age of 59±17 years 
and limited cutaneous disease in 67.1% of cases. Overall, 
gastrointestinal involvement was reported in 56.7% 
of patients, followed by interstitial lung disease (ILD) 
(32.4%), while 21.7% had a history of digital ulcers and 
11.3% had arthritis; in the same percentage of patients, 
the presence of muscle weakness and increased CPK, 
suggestive of myopathy, was reported. PAH and renal 
crisis were only rarely reported.
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Autoantibody profile and clinical features
Considering autoantibody profile, out of 1480 patients 
with SSc, 295 (19.9%) were triple-negative, while 1185 had 
SSc-specific antibodies, chiefly: ACA-positive (54.3%), 
defined as either a centromeric ANA pattern or human 
centromere protein positivity, ATA-positive (43.6%) and 
RNAP3-positive (2.1%) (table  1). Among ATA-positive 
patients, 21 out of 517 (4.1%) were also ACA-positive; 
however, these were classified as ATA-positive for the 
purpose of this analysis.

In the overall cohort (n=1426), triple-negative patients 
were more prevalent in Central Italy (24.5%) and 
Southern Italy (22.1%) compared with Northern Italy 
(16.7%) (p=0.004). ACA were most frequent in Northern 
Italy (47.2%), followed by Central Italy (43.5%) and 
Southern Italy (38.3%) (p=0.003). ATA showed a comple-
mentary distribution, being more common in the South 
(38.3%) than in the North (34.4%) and less frequent 

in the Centre (30.0%). RNAP3 antibodies positivity was 
rare across all geographical areas, ranging from 1.4% in 
the South to 2.0% in the Centre and 1.8% in the North 
(online supplemental table S1).

No significant differences were observed in comorbidi-
ties between the two groups, including the prevalence of 
traditional cardiovascular comorbidities (such as arterial 
hypertension, obesity, coronary artery disease, diabetes 
and dyslipidaemia) and neoplasms (table 1, figure 2A).

The ANA pattern was significantly different between 
groups, with triple-negative patients showing more 
frequent nucleolar patterns and speckled patterns 
(29.2% vs 13.1%, and 38.6% vs 12.5%, respectively; 
p=0.001 for both). Anti-Ro/SSA and anti-La/SSB 
antibodies were more frequently detected in triple-
negative patients compared with non-triple-negative 
ones (14.6% vs 8.7% and 3.1% vs 1.2%, respectively; 
p=0.01; p=0.04, respectively).

Figure 1  Geographical distribution of the patients with systemic sclerosis (SSc) enrolled in the study. The black dots indicate 
the sites, that is, the Italian referral centres for SSc participating in the Systemic sclerosis Progression INvestiGation-Italian 
Society for Rheumatology project.
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The triple-negative group showed a higher preva-
lence of myopathy compared with all other patients 
with SSc (16.7% vs 10.1%, p=0.003), inferred from 
the presence of muscle weakness and total CPK levels 
(126.2 vs 92.5 U/mL, p=0.002). The triple-negative 
patients, indeed, showed higher proportions of signif-
icant CPK elevations over 2–3 times the normal values 
(2.4% vs 0.2%, p=0.028) and over 3 times the normal 
values (3.2% vs 0.6%, p=0.035) (table 2, figure 2B).

Triple-negative patients also exhibited fewer vascular 
complications, such as digital ulcers (17.3% vs 22.8%, 

p=0.04) and calcinosis (8.2% vs 12.8%, p=0.027) in 
comparison with the positive group (table 2). Although 
the proportion of patients classified as having abnormal 
HRCT scans was identical between triple-negative and 
other patients with SSc, ILD-specific HRCT features 
were significantly more frequent in triple-negative 
patients with SSc, particularly reticulations (19.3% vs 
14.3%, p=0.038) and honeycombing (10.2% vs 4.0%, 
p<0.001). Consistently, functional data showed that 
triple-negative patients had lower (%predicted) values 
of DLCO (66.4% vs 70.98%, p=0.004) and forced vital 

Table 1  Demographic and comorbidity characteristics of patients with SSc

Triple negative (n=295) Non-triple negative (n=1185) P value

Demographic characteristics

 � Female, n (%) 239 (81.0) 1069 (90.2) <0.001

 � Male, n (%) 56 (19.0) 116 (9.8) <0.001

 � Age (years), mean±SD 57.23±12.93 59.42±17.8 0.048

 � Disease duration (years), mean±SD 8.59±8.20 8.57±8.0 0.959

Autoantibodies pattern

 � ANA positivity, n (%) 266 (90.2) 1179 (99.3) <0.001

 � Homogeneous pattern, n (%) 54 (18.3) 281 (23.7) 0.052

 � Speckled pattern, n (%) 114 (36.8) 148 (12.5) 0.001

 � Nucleolar pattern, n (%) 86 (29.2) 155 (13.1) 0.001

 � Centromeric, n (%) 0 (0) 615 (51.0) <0.001

 � Anticentromere positivity, n (%) 0 (0) 644 (54.4) –

 � Anti-SCL70 positivity, n (%) 0 (0) 517 (43.6) –

 � Anti-RNA POL III positivity, n (%) 0 (0) 24 (2.1) –

 � Anti-SSA/Ro positivity, n (%) 43 (14.6) 103 (8.7) 0.01

 � Anti-SSB/La positivity, n (%) 9 (3.1) 14 (1.2) 0.04

Disease subtype

 � Sine scleroderma, n (%) 35 (11.9) 126 (10.9) 0.603

 � Limited cutaneous subset, n (%) 199 (67.9) 794 (68.4) 0.888

 � Diffuse cutaneous subset, n (%) 59 (20.1) 241 (20.8) 0.872

Comorbidities

 � BMI, mean±SD 23.5±3.3 24.2±4.6 0.030

 � Heart failure, n (%) 7 (2.4) 33 (2.8) 0.823

 � Stroke, n (%) 3 (1.0) 10 (0.8) 0.731

 � Peripheral vascular disease, n (%) 16 (5.4) 60 (5.1) 0.769

 � Cerebrovascular disease, n (%) 3 (1.0) 24 (2.0) 0.333

 � Arterial hypertension, n (%) 69 (23.4) 285 (24.1) 0.879

 � Myocardial infarction, n (%) 7 (2.4) 33 (2.8) 0.842

 � Diabetes, n (%) 6 (2.0) 38 (3.2) 0.343

 � Dyslipidaemia, n (%) 22 (7.5) 132 (11.1) 0.070

 � Neoplasia, n (%) 28 (9.5) 82 (6.9) 0.137

 � Leukaemia, n (%) 0 (0) 2 (0.2) 1.000

 � Lymphoma, n (%) 1 (0.3) 5 (0.4) 1.000

Bold indicates statistically significant results.
ANA, antinuclear antibodies; BMI, body mass index; RNA POL III, anti-RNA-polymerase III antibodies.
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capacity (FVC) (97.01% vs 102.92%, p<0.001) at PFTs 
(table 2, figure 2B).

Significant treatment differences among groups 
were also observed: triple-negative patients more 
frequently received corticosteroids (79.3% vs 67.9%, 
p=0.003), cyclophosphamide (43.4% vs 26%, p<0.001), 
hydroxychloroquine (58.8% vs 47.8%, p=0.03) and 
azathioprine (38.5% vs 22.3%, p=0.002) in compar-
ison with all other patients with SSc. Conversely, 
among triple-negative patients, the use of prostanoids 
(71.6% vs 85.9%, p<0.001), calcium channel blockers 
(80.1% vs 87.7%, p=0.005) and PDE5 inhibitors (4% 
vs 20%, p<0.001) was less frequent, and consistent 
with a lower vascular involvement (table 2).

No significant differences among groups emerged 
regarding the remaining clinical and functional 
characteristics.

Clinical features of quadruple autoantibody-negative patients 
with SSc
We then considered the group of patients with ACA, ATA 
and RNAP3 negativity and with ANA negative or any other 
ANA pattern different from the nucleolar one, namely 
‘quadruple negative’. We identified 209 such patients 
(14.1%). As with triple-negative patients, quadruple-
negative patients more frequently had elevated CPK 
levels (suggestive of myopathy) and ILD on HRCT of the 
lungs. Specifically, these patients had significantly more 
reticulations (23% vs 14%, p=0.002) and a higher preva-
lence of honeycombing (12% vs 4%, p<0.001) on HRCT 
of the chest. Consistently, quadruple-negative patients 
also exhibited a more impaired FVC (97.10% vs 102.48%, 
p=0.009), DLCO (66% vs 70.7%, p=0.017) and TLC 

(90.4% vs 96.9%, p=0.012). Consistently, these patients 
more frequently received corticosteroids (80% vs 68%, 
p=0.004) and cyclophosphamide (46% vs 27%, p<0.001). 
Conversely, no differences in vascular burden in terms of 
digital ulcers were observed between quadruple-negative 
patients and all other patients with SSc (online supple-
mental table S2).

DISCUSSION
In this multicentre study, we aimed to describe the unique 
clinical features of patients with SSc with ANA positivity 
who were negative for the prototypic SSc autoantibodies 
(ACA, ATA and RNAP3), namely the triple-negative patients 
with SSc. We also included an additional subgroup of 
patients defined as quadruple-negative, characterised 
by the absence of SSc-specific autoantibodies and either 
ANA negativity or ANA positivity with any pattern except 
nucleolar, which was the only ANA pattern considered 
indicative of SSc-specific reactivity.

We observed a high proportion of triple-negative 
patients, as almost 20% of patients included in the 
SPRING registry and clinically diagnosed with SSc tested 
negative for ACA, ATA and RNAP3.

Importantly, our data suggest that triple negativity 
identifies a further subset of patients with SSc with a defi-
nite diagnosis characterised by clinical features different 
from those of patients with SSc positive for at least one 
disease-specific autoantibody. Indeed, a higher preva-
lence of myopathy and reduced vascular complications 
was found in the triple-negative patients. These patients 
also presented a higher prevalence of ILD, as evidenced 
by more frequent reticulations and honeycombing at 

Figure 2  Comparison of demographics, autoantibodies, comorbidities (A) and disease involvement (B) between triple-
negative and non-triple-negative patients with systemic sclerosis. Panel A illustrates differences in age, sex, BMI, autoantibody 
profile and selected comorbidities. Panel B shows organ involvement and disease severity. Values are plotted on a uniform 
scale (0%–100%) for each variable to allow visual comparison across different clinical domains, regardless of their original 
measurement units. Each axis has been rescaled individually based on the minimum and maximum observed values for that 
specific variable across both groups. This approach enhances visual interpretability of relative group differences but does not 
reflect absolute values. ANA, antinuclear antibodies; BMI, body mass index; DLCO, diffusing capacity of the lung for carbon 
monoxide; FVC, forced vital capacity; HRCT, high-resolution CT; TLC, total lung capacity.
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lung HRCT. Consistently, functional data at PFTs showed 
a more impaired DLCO and FVC, suggesting a more 
severe ILD.

These unique clinical features, resembling sclero-
myositis, could be partially responsible for different treat-
ment strategies observed in this cohort. Triple-negative 
patients, indeed, more frequently received oral cortico-
steroids, cyclophosphamide and azathioprine in compar-
ison with all other patients with SSc. Conversely, the use 
of prostacyclin, calcium channel blockers and PDE5 
inhibitors was less frequent, and in keeping with the less 
severe vascular burden in this subgroup of patients. The 
same clinical features were confirmed in the quadruple-
negative patients, apart from the prevalence of vascular 
complications.

Importantly, no significant differences among the 
groups were observed in gastrointestinal, renal or cardiac 
involvement, capillaroscopy patterns or inflammatory 
markers.

To the best of our knowledge, this is the largest study 
assessing the prevalence of triple-negative patients with 
SSc in the Italian population, analysing data from a large 
multicentre cohort of patients with SSc involving 38 
Italian referral centres. Moreover, it is the first study also 
reporting the distinctive clinical features of quadruple-
negative patients with SSc.

Depicting the clinical features of patients with a defi-
nite SSc diagnosis but lacking the three classical anti-
bodies is of pivotal importance in clinical practice. In 
fact, almost all SSc case series and cohort studies have 
extensively characterised patients with ACA, ATA and 
RNAP3, providing invaluable insights into the clinical 
and prognostic significance of these prototypic SSc-
related antibodies.15–19 However, only a few studies have 
described the prevalence and clinical features of patients 
with SSc who lack these three prototypic antibodies, with 
conflicting results.4 7 8 20–22 Within the European Sclero-
derma Trials and Research group cohort, Elhai et al 
primarily focused on the predictive performance of an 
autoantibody-based prognostic model for SSc survival but 
a characterisation of clinical features or organ involve-
ment in triple-negative patients was beyond the scope of 
the study, and therefore not reported.20

Miyake et al identified only 5.3% of ‘ANA-positive triple-
negative’ patients with SSc and mostly with concomitant 
ILD (62% of cases) and medium-to-high extent of skin 
fibrosis (median mRSS of 13.0); conversely, PAH was 
detected in only 3% of cases.7

Coherently with our results, a higher prevalence of ILD 
and the increased risk for deterioration in lung function 
in triple-negative patients with SSc has also been reported 
by Liu et al.23 Accordingly, post hoc analyses from the 
Safety and Efficacy of Nintedanib in Systemic Sclerosis 
trial showed that patients with SSc-ILD negative for ACA, 
RNAP3 and ATA experienced a numerically greater 
decline in FVC compared with the overall trial popula-
tion, indirectly suggesting a greater degree of pulmonary 
involvement in this serological subset.21

A lower percentage of ANA-positive and Extractable 
Nuclear Antigen-negative patients (1.8%) emerged in a 
previous study by Hudson et al in 874 patients; moreover, 
triple-negative patients had a surprisingly lower preva-
lence of ILD (12.5%) in this cohort.8

Compared with these studies from Japan and Canada, 
the prevalence of patients with SSc who were ANA-
positive triple negative was significantly higher (14%) in 
a recent multicentre US cohort in agreement with our 
findings. Similar clinical features with respect to previous 
studies were reported, with 60% of patients with ILD and 
mild skin involvement.4 In line with our hypothesis, the 
US cohort showed an elevated proportion of myositis-
related antibodies: anti-RO52 autoantibodies (50%), 
myositis-specific antibodies (MSA, 32.5%) and myositis-
associated antibodies (MAA, 30%). Among the latter, 
MDA5 and SAE1 were the most common, whereas Mi-2b 
and PM-75 were less frequent.24 Importantly, none of 
the patients with myositis-related antibodies fulfilled the  
EULAR/ACR classification criteria for inflammatory 
myopathy, suggesting that patients with myositis were not 
misclassified as having SSc in this study.24

Also data from the Polish cohort underline the limitations 
of routine serological testing: more than half of patients 
initially classified as triple-negative based on the absence 
of ATA, ACA and RNAP3 were subsequently found to be 
positive for additional autoantibodies on extended serolog-
ical testing, thereby reducing the prevalence of truly triple-
negative SSc from 36% to approximately 15%.

These findings confirm the relevance of the triple-
negative cohort among patients with SSc. In the 
majority of the cohorts, they confirm our data showing 
an increased prevalence of ILD in this subgroup and 
emphasise the immunological heterogeneity under-
lying the triple-negative definition.22 In this context, 
the SPRING registry did not include data on MSA, MAA 
and rare SSc-associated antibodies (SAA), including  
U11/U12 (RNPC3), Pm–Scl, U3RNP and U1RNP (classi-
cally associated with ILD and myositis), representing one 
of the major limitations of our study since these missing 
data clearly affect study results. This limitation could be 
at least partially explained by the enrolment and observa-
tion period of the study, during which these autoantibody 
tests were not yet widely available in routine clinical prac-
tice. Importantly, in the study by Kruzer et al, among the 
SAA group, Th/To (40%) and fibrillarin (25%) were the 
most prevalent, followed by NOR-90, RNP-A and RNP-C 
(7.5% each), but none was associated with specific clin-
ical manifestations.4 These results indirectly support our 
hypothesis that triple-negative patients with SSc represent 
a definite subgroup with specific clinical manifestations, 
beside the specific SAA positivity that could eventually be 
found (ie, Th/To, fibrillarin, Pm–Scl, U1RNP, U3RNP, 
Ku). This notion is of great clinical utility since the triple 
negativity could be used in daily clinical practice to iden-
tify an SSc endotype resembling sclero-myositis with 
concomitant ILD and less vascular complication, with a 
potential impact on therapeutic decision and monitoring 
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strategies. Certainly, the identification of rare SAA in 
triple-negative patients with SSc is highly recommended 
for a precise immunological (and potentially clinical) 
profiling of patients with SSc. However, triple negativity 
for ACA, ATA and RNAP3 could have a great clinical 
impact and could help to identify a distinct subset of 
patients with SSc. Similarly, quadruple negativity, that is, 
the absence even of ANA with nucleolar pattern, seems to 
be associated with a similar endotype of patients with SSc 
with myositis and ILD and less severe vascular burden.

Despite the novelty of our findings, several limitations 
must be acknowledged, in addition to the lack of data 
on rare myositis and SSA. The retrospective design of 
our study, indeed, may introduce biases related to data 
collection and patient selection. The reliance on registry 
data means that not all clinical variables were uniformly 
captured, which could affect the comprehensiveness of 
our analysis. Even though SPRING registry enrolled only 
patients with diagnosis of SSc in national referral centres, 
we cannot completely exclude that some patients with 
unrecognised overlap syndromes may be included in the 
study. However, biases derived from data collection likely 
had a limited impact on study results since all data were 
collected in SSc referral centres with great expertise in 
clinical management of patients and data collection.

The strengths and limitations of SSc registry-based 
studies have been previously analysed.6 25 The differences 
in autoantibody distribution across Italian macro-areas, 
such as the higher prevalence of triple-negative patients 
in the Centre and South, may reflect true epidemiolog-
ical variability, possibly influenced by genetic and envi-
ronmental factors. However, they could also be partially 
explained by regional disparities in diagnostic sensitivity, 
testing availability and laboratory protocols. Further-
more, data were collected over almost 10 years, during 
which monitoring approaches and therapeutic strategies 
evolved, influencing the therapeutic and monitoring 
strategies of patients with SSc. To date, the SPRING 
registry was initiated after the 2013 ACR/EULAR clas-
sification criteria for SSc were proposed and widely 
accepted5; therefore, the diagnostic and classification 
approach is expected to be homogeneous throughout 
the study period and even among the 38 referral centres, 
as indirectly supported by previous collaborative studies 
of the SPRING-SIR project.6 11 26 26

CONCLUSIONS
Our data suggest that triple negativity identifies a 
further SSc subset of patients characterised by clinical 
features different from those of patients positive for 
at least one SSc-specific autoantibody. A higher prev-
alence of myopathy and ILD, and reduced burden of 
vascular complications are frequently found in the triple-
negative patients. This evidence may suggest that the 
non-specific and not commonly assessed autoantibodies 
may identify an SSc endotype resembling sclero-myositis, 
which was more frequently treated with steroids and 

cyclophosphamide. Similar findings were confirmed in 
the quadruple-negative subgroup.

In the next future, studies on larger triple-negative 
cohorts are warranted to better define the clinical and 
serological features of this SSc subset.
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