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ABSTRACT

Background Antitopoisomerase | (ATA), anticentromere WHAT IS ALREADY KNOWN ON THIS TOPIC

(ACA) and anti-RNA polymerase IIl (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

American  College of

defined as ‘triple-negative’.

negative SSc.

= The classification and clinical stratification of sys-
temic sclerosis (SSc) strongly relies on the detection
of three major disease-related autoantibodies—
anticentromere, antitopoisomerase | and anti-RNA
polymerase lll—which are included in the 2013
Rheumatology/European
Alliance of Associations for Rheumatology criteria;
however, a subset of patients fulfilling classification
criteria lacks all three prototypic antibodies and are

Little is known about the clinical profile of triple-

triple-negative, while 1185 (81.1%) had

BM) Group
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WHAT THIS STUDY ADDS

= This large, multicentre study from the ltalian 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.

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 2-3times (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.'™
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).* 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 criteria’ for the disease and are strongly
associated with distinct clinical manifestations and prog-
nosis."® Additional and more rarely detected SSc-related
autoantibodies, including antifibrillarin, anti-U3 ribo-
nucleoprotein (RNP), anti-Th/To, anti-Ul11/U12 RNP,
anti-Ul RNP, antipolymyositis (PM)-scleroderma (Scl)
and anti-Ku have also been identified. However, they
have only recently been introduced into routine clinical
practice.””

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.”

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.* ® 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 78 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.239

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.
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8 Systemic sclerosis

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.’

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.® '’ Besides, the following
SSc-related symptoms and organ involvement were evalu-
ated according to the criteria formerly described® '': skin
involvement as assessed by modified Rodnan Skin Score
(mRSS) and its worsening in the month before enrol-
ment, digital ulcers, gangrene and/or osteomyelitis'' '%;
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 criteria” 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."*

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 vyearly 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-b 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 diseaserelated 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 * 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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Figure 1

0to24
251049
50to 74
751099
100 to 125
Missing

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.

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).
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Systemic sclerosis

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 Il 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 Ill, anti-RNA-polymerase Il antibodies.

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
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BMI Ferpale (%)

Arterial Hypertagsion (%) Negglasia (%)

Diabetes (%)

HRCT reticulations (%)

HRCT honeycombing (%)

Triple Negative
N Non-Triple Negative

Digitd{ ulcers (%)
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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.

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 PDEbH 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 SS¢

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, ATAand RNAP3), namely the triple-negativepatients
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

6

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

150nb Aq 9202 Ael Lz uo woo*fug-usdopuuy/:sdny wol papeojumod '920Z AW €T UO §67900-5202-uadopul/geTT 0T Se paysiignd isiy :usdo any

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold


https://dx.doi.org/10.1136/rmdopen-2025-006495
https://dx.doi.org/10.1136/rmdopen-2025-006495

2
(74
o
1

o
(%)
"

2
£
(0]
]

RMD Open: first published as 10.1136/rmdopen-2025-006495 on 13 May 2026. Downloaded from https://rmdopen.bmj.com on 27 May 2026 by guest.
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

panuniuo)
000’k (0'22) 192 G8LL (0'22) 99 662 (%) U ‘lrewou 1OYH
a
0290 (s61) 0g2 6LL1 (0'81) €5 S6¢ (%) u ‘swoldwiAs [eunseiy|
9200 (2'02) vve 8LLL (671 vv G6¢ (%) u ‘swoldwAs ouyses
000'L (c'09) €65 18LE (c09) 8L 662 (%) u ‘swordwAs [esbeydoseQ
|eunssjulodiser)
1810 (8’01 9zl cLLL (9cl) o v62 (%) U ‘silype [eolul|n
2680 (€9) ¥2 08LL (879) 21 662 (%) u ‘siinouig
Je|ndiuy
G€0°0 (90 ¢ €8Y (AR 7 velk (%) U ‘AUXE< MO
820°0 (ANt €8y rae vel (%) u ‘Auxg-g MdOD
000’} (52 9¢ €8y (€6 vel (%) u ‘Auxz-1 MdO
6LL0 (2'16) evy €8Y (1°28) 80} vek (%) u ‘rewuiou O
2000 6'€8¥G5°26 £8Y L'vLL¥F2 92k velk asFueaw ‘(Tw/N) ¥dO
000t (G Iy 6LL1L (F'e) ok 762 (%) u ‘Aydoure sjosniy
€00°0 (Lop) 6LL 6211 (2'91) 6% 762 (%) U ‘ssauxfeam ajosn|y
Je|nosnin
000} (208 8LLL (L0oe 662 (%) u ‘auaibuen
1200 (821 1G1 08LL (¢8) e v62 (%) u ‘sisourofe)
1 ARA) (L'9p) ¥7S 6LLL (0zy) el 662 (%) u ‘sseos Bunud
000 (8°22) 0/2 28l (€21 18 662 (%) u ‘st90n [EUBIQ
€70 ('1S) 809 08lL1L (0'6¥) vL 62 (%) u ‘ssebuly Aynd
000'L (e'e2) 112 2911 (1'e2) 29 062 (%) u “eye| usened eUWIBPOIS|OS
¥G€°0 (8'e¥) 605 2oLl (Zov) 8LL 062 (%) u ‘eAnoe uiened euwsspoIs|OS
6800 (8'61) 0€C 2Ll (Sve) 1L 062 (%) u ‘Alies useped ewispoIs|og
08€0 (0'g) 85 2oLl (c9) 8l 062 (%) u ‘yussqe ueyed ewlspoIs|og
Jejndosep
19G°0 L'9%€'9 9601 0'/%G'9 2se ds¥Fuesw ‘SSyW
vLL0 (¢22) 628 18LL (6'v2) Lee 662 (%) u “Alkyoepolsjog
€620 (1°29) 529 €8lLL (89) 121 G6¢ (%) u ‘seisejosibuelel
€LE0 (2'8) vEL 6LL (9'el) oy 662 (%) u ‘yuswijoius 810§9q Yuow 8y} Ul Bulussiom uMS
uns
anjeA d N N solsliajoeIeyd aseasiq

annebau ajduy-uoN

annebau ajdul

salpoqiue oyoads-aseasip [eoidA1o104d yum siusied yum pasedwod sISoUs|0s 21wdl1sAs yum susaied annebau-a|dul 1O soisusioeIey [eoIUll) g d|geL

:12:006495. doi:10.1136/rmdopen-2025-006495

Batani V, et al. RMD Open 2026



c
o
o

(o]

(o]

=

o

RMD Open: first published as 10.1136/rmdopen-2025-006495 on 13 May 2026. Downloaded from https://rmdopen.bmj.com on 27 May 2026 by guest.
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

'synsaJ Jueolubis Ajjeonsiiess sejeolpul pjog

1270 121¥0°E 8901 9vFL2 0.2 dasFuesw ‘(7/6w) uieloid sAnoEal O
6£6°0 L91F7'02 LLOL 7'61F€°02 eve dsFueaw ‘(noy |/ww) 4S3
€070 6'€¥0L 001 9'9¥¢’| 892 as¥uesw ‘(p/bw) suluyeain
G600 (80) 6 6LL1L (029 G6¢ (%) u ‘sisuo [eusy
710 (2'82) 6EE 18LL (r've) L 662 (%) u ‘swolpuAs €IS
SIBYI0
9690 9'GFG' L9 916 8'9%¢'19 o€z dSFuesW ‘Uoijoely UONOS(T
L0 8'GLFy'ee 196 ZLLF0€e ove as¥uesw ‘(6H ww) dvds
9/¥°0 0 9191LF.°9tY 161 1'G9GF/°Gle A7 asFuesw ‘(quy/bu) dNgosd-IN
G850 119/ ¥£%2'986¢ 29l G'89¥¢¢8 54 asFuesw ‘(qu/Bu) dNgoid
00%°0 (@bst G8lLlL (029 662 (%) U ‘“OHY 1e pawiuod Hyd
0620 e Gv9 92 v vSL (%) u ‘wyphys [euiwsBbuy/g
€€8°0 (9v) oe 679 (198 96| (%) u ‘selwyhyuy
€YS0 (0'22) 902 8€6 (8'¢2) L8 6€2 (%) u ‘uonouny oljoiselp [ewouqy
€120 (L'92) SlLe 6211 (6'62) 88 62 (%) u ‘swoldwAs Areuowindoipien
JuswaA|oAUl Areuowindoipien)
2910 G'6CFG L6 652 6'82¥8°L6 19 as¥uesw Ad
8100 06LFLL6 oSt 0'6L¥0°¢6 60 asFuesw ‘0L
620°0 v 12¥6°L6 262 v 12¥2 ¥6 861 asFuesw ‘(%) ‘A34
L00°0> (6'22) 6°201 Go8 (522) 026 Lee as¥uesw (%) ONd
0LL0 (8'81)GLL G/9 (012 692 LLL dSFuesw ‘(%) aWnN|oA JejoaAe/001d
#00°0 (€02) 0'}2L 628 (#'02) 7'99 o2 asFueaw (%) 0014
2€9'0 (@ve) oLy GLLL (5'9¢) L0L €62 (%) u “‘esoudsig
100°0> 0 v a8kl (col) o G62 (%) u ‘Buiquiodheuoy | DHH
8€0°0 (€v1) oLl G8LL (€'61) LS 662 (%) u ‘suonenonal | OHH
1850 (L1'sL) gle G8LL (2'61) 89 662 (%) u ‘sse|b punoib | OHH
anjeA d N N SoIs1Iv9)oeIRYD 3seasIq

aAnebau ajdi}-uoN

annebau ajdu

psnunuod g 9|qeL

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



8 Systemic sclerosis

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 PDE)
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.'”™ 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. 7 ® 2*** 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.”

Miyake et alidentified 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.’

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® 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.”!

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

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.” 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,
MDAD5 and SAE1 were the most common, whereas Mi-2b
and PM-75 were less frequent.** 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.**

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.” In this context,
the SPRING registry did not include data on MSA, MAA
and rare SSc-associated antibodies (SAA), including
Ul1/U12 (RNPC3), Pm-Scl, U3RNP and UIRNP (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.* 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, UIRNP, 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.’® 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
accepted’; 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.’ ! 202

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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