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Abstract
Objective

Anti-topoisomerase I antibody (ATA) is typically associated with diffuse cutaneous systemic sclerosis (dcSSc). 
However, subset of limited cutaneous SSc (lcSSc) patients also present with ATA positivity. Emerging data suggest 
that ATA-positive lcSSc may represent a distinct or intermediate clinical phenotype. This study aimed to compare 
the demographic, clinical, and treatment features of early ATA-positive lcSSc patients with those of ACA-positive 

lcSSc and ATA-positive dcSSc patients.

Methods
Patients were recruited from the multicentre Turkish SOLAR cohort (Systemic sclerOsis Longitudinal Assessment 
Registry). Among 295 SSc patients screened, 172 were included: 74 ACA-positive lcSSc, 55 ATA-positive lcSSc, 

and 43 ATA-positive dcSSc. Demographic, clinical, and treatment-related variables were analysed and compared 
across groups.

Results
ATA-positive lcSSc patients were younger at the onset of Raynaud’s phenomenon (RP) (p=0.042), the first non-RP 

symptom (p=0.016), and at diagnosis (p=0.018) compared with ACA-positive lcSSc patients. Interstitial lung disease 
(ILD) was significantly more frequent in ATA-positive lcSSc (74.5%) than ACA-positive lcSSc (8.1%, p<0.001) and 
was comparable to ATA-positive dcSSc. Modified Rodnan skin scores were highest in ATA-positive dcSSc but were 

also significantly elevated in ATA-positive lcSSc (p<0.001). Pitting scars were more frequent in dcSSc. Among patients
 with ILD, ATA-positive lcSSc and ATA-positive dcSSc showed similar HRCT patterns. ATA-positive lcSSc patients 

were more frequently treated with glucocorticoids and mycophenolate mofetil than ACA-positive lcSSc, 
whereas cyclophosphamide was highest in dcSSc.

Conclusion
ATA-positive lcSSc patients exhibit a clinically distinct phenotype characterized by a substantial risk of internal 

organ involvement, despite having less extensive skin disease. Their overlap with dcSSc and divergence from 
ACA-positive lcSSc highlight the importance of incorporating both skin involvement and serologic subtyping into 

the early management and risk stratification of SSc.
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Introduction
Systemic sclerosis (SSc) is a chronic 
systemic autoimmune disease char-
acterised by autoimmunity, fibrosis 
and microvascular damage, with its 
aetiology not yet fully elucidated. Fi-
brosis in the skin and internal organs 
is the hallmark of SSc (1-3). Disease 
subtype based on the extent of skin 
involvement into limited cutaneous 
SSc (lcSSc) and diffuse cutaneous SSc 
(dcSSc) is a cornerstone for prognos-
tic stratification (4). Pulmonary arterial 
hypertension (PAH) is more prevalent 
in lcSSc patients, whereas interstitial 
lung disease (ILD), primary cardiac 
involvement, and scleroderma renal 
crisis occur more frequently in dcSSc 
patients (4, 5). Consistent with this, the 
survival rates are significantly poorer 
in dcSSc patients compared to those 
with lcSSc (6, 7). 
Although classification based on the 
extent of skin involvement provides a 
general perspective, it is insufficient on 
its own to fully capture the complexity 
of SSc or to accurately predict progno-
sis, given the disease’s marked hetero-
geneity. Recent studies have highlight-
ed the significance of autoantibodies 
in shaping clinical manifestations and 
prognosis of the disease, emphasising 
their importance in subclassifying SSc 
(8-11). The most widely known disease-
specific antibodies detected in approxi-
mately 50-80% of SSc patients are anti-
centromere (ACA), anti-topoisomerase 
I (ATA), and anti-RNA polymerase III 
antibodies (12, 13). ACA is frequently 
detected in lcSSc patients and has been 
associated with PAH. In contrast, ATA 
is predominantly observed in dcSSc 
patients and is strongly associated with 
ILD (11). Although ATA is classically 
associated with dcSSc, ATA positivity 
has been detected in approximately 13-
23.5% of patients with lcSSc (14-17). 
The current knowledge regarding ATA-
positive lcSSc patients is derived from 
a limited number of studies. Male gen-
der, presence of ILD, and higher modi-
fied Rodnan skin scores (mRSS) are 
more prevalent in ATA-positive lcSSc 
patients. Of particular importance, 
these patients appear to exhibit an in-
termediate disease severity between 
ACA-positive lcSSc and ATA-positive 

dcSSc patients (16-19). However, data 
on ATA-positive lcSSc patients in the 
early disease stages remain scarce and 
clinical decision-making at this stage is 
particularly challenging, as phenotypic 
manifestations may not yet be fully es-
tablished. This study aims to define the 
distinct clinical phenotype of ATA-pos-
itive lcSSc by comparing demographic, 
clinical, and laboratory features with 
those of ACA-positive lcSSc and ATA-
positive dcSSc patients in a multicen-
tre cohort of early-stage systemic scle-
rosis patients across Turkey, defined 
as ≤3 years from the onset of the first 
non-Raynaud’s phenomenon (non-RP) 
manifestation. 

Materials and methods
Participants
In the current study, patients were re-
cruited from the early Systemic Scle-
rOsis Longitudinal Assessment Regis-
try (SOLAR). SOLAR is a nationwide, 
multicentre, prospective cohort initi-
ated in 2023 and involving 25 centres 
across Turkey. The cohort enrols pa-
tients with SSc who are within three 
years of the onset of non-RP, symptoms 
and who meet either the 2013 Ameri-
can College of Rheumatology (ACR)/ 
European Alliance of Associations for 
Rheumatology (EULAR) classification 
criteria for SSc or the very early diag-
nosis of systemic sclerosis (VEDOSS) 
definition (20, 21). Patients were clas-
sified as lcSSc and dcSSc according 
to the extent of skin involvement (4). 
A total of 295 patients registered in 
the database from inception through 
August 2024 were evaluated. Fifty-
five patients fulfilling the VEDOSS 
definition and 8 patients with SSc-sine 
scleroderma were excluded. Two hun-
dred thirty-two SSc patients were fur-
ther evaluated. Nineteen patients who 
were negative for both ATA and ACA, 
4 patients who were positive for both 
ACA and ATA, 6 patients positive for 
other SSc-related antibodies, 7 patients 
with unknown antibody profiles, and 
24 ATA-negative dcSSc patients were 
excluded from the analysis (Fig. 1). A 
total of 74 ACA-positive lcSSc patients 
were compared with 55 ATA-positive 
lcSSc patients and 43 ATA-positive  
dcSSc.
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Definitions
Disease onset was defined as the time 
of the first non–RP symptom mani-
festation and the age at disease onset 
was calculated accordingly. Disease 
duration was defined as the interval be-
tween the onset of non-RP symptoms 
and the date of study enrolment. Age 
at diagnosis was determined as the age 
at which the patients fulfilled the 2013 
ACR/EULAR classification criteria for 
SSc and were diagnosed by a rheuma-
tologist. The presence of RP, digital ul-
cer, pitting scar, calcinosis, telangiec-
tasia and arthritis were recorded at the 
time of enrolment if ever present. Skin 
thickness was determined using mRSS 
(22). SSc-related organ involvement 
was defined according to the SOLAR 
criteria (Supplementary Table S1) (23-
26). Nailfold videocapillaroscopy was 
performed when equipment was avail-
able at participating centres. Missing 
capillaroscopy data were mainly re-
lated to the lack of equipment in some 
centres rather than patient- or disease-
related factors. To ensure standardi-
sation, investigators involved in data 
collection underwent structured capil-
laroscopy training during a national 
meeting prior to study initiation. Capil-
laroscopic findings were evaluated ac-
cording to the standardised assessment 
recommended by the EULAR Study 
Group on Microcirculation in Rheu-
matic Diseases and the Scleroderma 
Clinical Trials Consortium Group on 
Capillaroscopy (27). The use of at least 
one of following agents was consid-
ered immunosuppressive therapy: glu-
cocorticoids, mycophenolate mofetil, 
methotrexate, azathioprine, rituximab, 
or cyclophosphamide.
Ethical approval for the study was ob-
tained from the Kocaeli University Non-
Interventional Clinical Research Ethics 
Committee on May 4, 2023, under deci-
sion number KÜ GOKAEK-2023/08.29. 
Written informed consent was obtained 
from all participants.

Statistical analysis
Statistical analyses were performed us-
ing SPSS version 21 (SPSS Inc., 2015). 
Normally distributed continuous vari-
ables were expressed as mean ± stand-
ard deviation, whereas non-normally 

distributed data were presented as 
median and interquartile range (IQR). 
Categorical variables were reported as 
numbers and percentages. For com-
parisons among the three groups, the 
Chi-square or Fisher’s exact test was 
used for categorical variables, as ap-
propriate and either the Kruskal-Wallis 
or one-way ANOVA test was applied 
for continuous variables, depending 
on the distribution of the data. For 
pairwise comparisons between ATA-
positive lcSSc and ACA-positive lcSSc 
or ATA-positive dcSSc, Student’s t test 
or the Mann-Whitney U-test was used 
for quantitative variables, while the 
Chi-square or Fisher’s exact test was 
applied for categorical variables, as ap-
propriate. Bonferroni correction was 
applied to adjust for multiple compari-
sons and a two-sided p value <0.05 was 
considered statistically significant.

Results 
A total of 172 SSc patients, including 
129 lcSSc (74 ACA-positive and 55 
ATA-positive) and 43 ATA-positive dc-
SSc patients were included in the study.

Comparison of ACA-positive 
lcSSc and ATA-positive lcSSc patients
The proportion of female patients was 
comparable between the two groups. 

The age of onset for RP (47.5 IQR 23.3 
vs. 41.3 IQR 20.5 years, p=0.042), the 
age of onset for non-RP symptoms 
(49.6 IQR 23.4 vs. 41.3 IQR 20.5 
years, p=0.016), and the age at diagno-
sis (52.2±13.8 vs. 44.9±13.9, p=0.018) 
were earlier in ATA-positive lcSSc    
patients.
The duration from the onset of RP to 
the emergence of non-RP symptoms 
was shorter in ATA-positive lcSSc pa-
tients (1.6 IQR 2.3 vs. 1.2 IQR 2.3 
years, p=0.120) but the difference did 
not reach statistical significance. ILD 
was more frequent (8.1% vs. 74.5%, 
p<0.001) and the mRSS was higher (3 
IQR 3 vs. 7 IQR 7, p<0.001) in ATA-
positive lcSSc patients. Other clinical 
findings and laboratory results were 
similar between the two groups. (Table 
I, Fig. 2).
Immunosuppressive therapy was 
more frequently administered to ATA-
positive lcSSc patients compared to 
ACA-positive lcSSc patients (83.6% 
vs. 25.7%, p<0.001). Within immu-
nosuppressive treatments, use of my-
cophenolate mofetil (63.6% vs. 6.8%, 
p<0.001) and glucocorticoids (29.1% 
vs. 13.5%, p=0.058) were more fre-
quent in ATA-positive lcSSc patients 
but glucocorticoid use did not reach 
a statistically significant difference. 

Fig. 1. Schematic representation of included and excluded patients in the study.
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Nintedanib was used in 5 ATA-positive 
lcSSc patients (9.1%), whereas none 
of the ACA-positive lcSSc patients re-
ceived it (p=0.026). The frequency of 
use of other medications was similar 
between the two groups (Table II). 

Comparison of ATA-positive 
lcSSc and ATA-positive dcSSc patients
Male sex was more prevalent in ATA-
positive dcSSc patients compared to 
ATA-positive lcSSc patients (27.9% vs. 
5.5%, p=0.004). The age at RP onset, 
the age at non-RP symptom onset, and 
the age at diagnosis were comparable 
between the two groups; however, the 
duration from RP onset to the onset of 
non-RP symptoms (0.4 IQR 1.5 vs. 1.2 
IQR 2.3, p=0.134) was shorter in ATA-
positive dcSSc patients although not 
statistically significant. Pitting scars 
(51.2% vs. 25.5%, p=0.018) were more 
frequent and the mRSS (17 IQR 17.2 

vs. 7 IQR 7, p<0.001) was higher in 
ATA-positive dcSSc patients. The fre-
quency of ILD (p=0.610) and cardiac 
involvement (p=0.582) was similar in 
the two groups. Capillaroscopic evalu-
ation revealed that the early SSc pat-
tern was more common in ATA-pos-
itive lcSSc patients (11.4% vs. 50%, 
p<0.001), whereas the active SSc pat-
tern (74.3% vs. 42.9%, p=0.012) was 
more frequently observed in ATA-pos-
itive dcSSc patients. Erythrocyte sedi-
mentation rate was higher in ATA-pos-
itive dcSSc patients (19 IQR 19 vs. 13 
IQR 15 mm/h, p=0.012), while other 
laboratory characteristics were compa-
rable between the two groups (Table I).
With respect to treatment character-
istics, cyclophosphamide (30.2% vs. 
5.5%, p=0.003) was the only therapy 
administered more frequently in ATA-
positive dcSSc patients compared to 
ATA-positive lcSSc patients. The utili-

sation rates of other medications were 
comparable between the two groups 
(Table II).

Comparison of ILD features across 
ATA-positive subgroups: ATA-positive 
lcSSc, and ATA-positive dcSSc patients
ILD was present in 74.5% of ATA-
positive lcSSc patients and 65.1% of 
ATA-positive dcSSc patients. Baseline 
HRCT and pulmonary function test 
characteristics were compared between 
the groups. ACA-positive patients with 
ILD were excluded from this analysis 
due to the small sample size. No sig-
nificant differences were observed in 
HRCT patterns or pulmonary function 
test parameters between the two groups 
(Table III).

Discussion
This multicentre study demonstrates 
that ATA-positive lcSSc in early-stage 

Table I. Comparison of demographic, clinical and laboratory characteristics in ACA-positive and ATA-positive lcSSc and dcSSc patients.

	 All lcSSc patients	 ACA (+) lcSSc	 ATA (+) lcSSc	 ATA (+) dcSSc	 p
	 n=129	 n=74	 n=55	 n=43	

Sex, female, n (%)	 122 	(94.6)	 70 	(94.6)	 52 	(94.5)	 31 	(72.1)	 <0.001‡¶

Disease duration, years, median (IQR)	 1.2 	(1.5)	 1.2 	(1.4)	 1.25 	(1.8)	 1.6 	(1.3)	 0.195
Age at the onset of RP symptoms, year, median (IQR)	 45.9 	(23.6)	 47.5 	(23.3)	 41.3 	(20.5)	 47.1 	(15.3)	 0.055†

Age at onset of non-RP, year, median (IQR)	 48.4 	(22.1)	 49.6 	(23.4)	 44.9 	(21.3)	 49.4 	(16.4)	 0.027†

Age at diagnosis, year, mean ± std	 48.7 	 (21.8)	 52.2 ± 13.8	 44.9 ± 13.9	 49.3 ± 11.1	 0.010†
Time between non-RP symptoms and RP, year, median (IQR)	 1.5 	(2.45)	 1.6 	(2.3)	 1.2 	(2.3)	 0.4 	(1.5)	 0.001¶

Clinical features
RP, n (%)	 123 	(95.3)	 71 	(95.9)	 52 	(94.5)	 42 	(97.7)	 0.739
Pitting scar, n (%)	 28 	(21.7)	 14 	(18.9)	 14 	(25.5)	 22 	(51.2)	 0.001‡¶

Digital ulcer, n (%)	 24 	(18.6)	 11 	(14.9)	 13 	(23.6)	 18 	(41.9)	 0.005¶

Telangiectasia, n (%)	 60 	(46.5)	 33 	(44.6)	 27 	(49.1)	 19 	(45.2)	 0.871
Arthritis, n (%)	 26 	(20.2)	 14 	(18.9)	 12 	(21.8)	 12 	(27.9)	 0.527
ILD, n (%)	 47 	(36.4)	 6 	(8.1)	 41 	(74.5)	 28 	(65.1)	 <0.001†¶

PAH, n (%)	 5 	(3.9)	 3 	(4.1)	 2 	(3.7)	 2 	(4.7)	 0.973
SRC, n (%)	 0 		 0		  0		  1 	(2.3)	 0.224
Gastrointestinal involvement, n (%)	 37 	(28.7)	 21 	(28.4)	 16 	(29.6)	 19 	(44.2)	 0.180
Cardiac involvement, n (%)	 3 	(2.3)	 0		  3 	(5.7)	 6 	(14)	 0.005¶

mRSS, median (IQR)	 4 	(5.5)	 3 	(3)	 7 	(7)	 17 	(17.2)	 <0.001†‡¶

Capillaroscopy findings
Abnormal capillaroscopy findings, n (%)	 97/109 	(75.2)	 55/62	  (88.7)	 42/47 	(89.4)	 35/40 	(87.5)	 0.963
Early SSc pattern, n (%)	 47/97 	(48.5)	 26/55 	(47.2)	 21/42 	(50)	 4/35 	(11.4)	 0.001‡¶

Active SSc pattern, n (%)	 45/97 	(46.4)	 27/55 	(49.1)	 18/42 	(42.9)	 26/35 	(74.3)	 0.015‡

Late SSc pattern, n (%)	 5/97 	(5.2)	 2/55 	(3.6)	 3/42 	(7.1)	 5/35 	(14.3)	 0.175

Laboratory findings
CRP, mg/L, median (IQR) 	 3 	(6.1)	 3 	(5.9)	 3 	(7.7)	 3.3 	(8.1)	 0.535
CRP >5 mg/L, n (%)	 36/114 	(31.6)	 18/65 	(27.7)	 18/49 	(36.7)	 17/40	 (42.5)	 0.276
ESR, mm/h, median (IQR)	 13 	(13.8)	 14 	(13.5)	 13 	(15)	 19 	(19)	 0.010‡

Hypocomplementemia, n (%) 	 1/90 	(1.1)	 1/52 	(1.9)	 0/38		  1/37 	(2.7)	 0.621

ACA: anti-centromere antibody; ATA: anti-topoisomerase I antibody; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; ILD: interstitial lung 
disease; IQR: interquartile range; lcSSc: limited cutaneous systemic sclerosis; mRSS: modified Rodnan skin score; n: number of patients; PAH: pulmonary 
arterial hypertension; RP: Raynaud’s phenomenon; SRC: scleroderma renal crisis; SSc: systemic sclerosis; Std: standard deviation.
†, ‡, ¶ denote Bonferroni-adjusted pairwise comparisons (p<0.05): † ACA-positive lcSSc vs. ATA-positive lcSSc; ‡ ATA-positive lcSSc vs. ATA-positive 
dcSSc; ¶ ACA-positive lcSSc vs. ATA-positive dcSSc.
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disease represents a distinct clinical 
subset rather than a mild form of lcSSc. 
Compared with ACA-positive lcSSc, 
these patients had a higher prevalence 
of ILD, earlier onset of both RP and 
non-RP symptoms, and higher mRSS 
values, indicating a more aggressive 
disease profile despite limited skin in-
volvement. In contrast to ATA-positive 
dcSSc, they were more frequently fe-
male, had lower mRSS values (a known 
adverse prognostic marker for ILD), 
and exhibited a longer interval between 
RP and non-RP manifestations. Togeth-
er, these findings place ATA-positive 
lcSSc in an intermediate but high-risk 
position between ACA-positive lcSSc 
and ATA-positive dcSSc.
In patients with early stage lcSSc, the 
presence of ATA may be associated 
with an earlier onset of both RP and 
non-RP symptoms, a shorter interval 

between the onset of RP and non-RP 
manifestations, a higher prevalence of 
ILD, and increased mRSS. This indi-
cates that ATA-positive lcSSc patients 
have a more severe clinical course 
compared to ACA-positive lcSSc pa-
tients. Traditionally, classification 
based on the extent of skin involvement 
has been central to the clinical evalua-
tion of patients with systemic sclerosis. 
However, increasing evidence indicates 
that skin-based classification alone is 
not sufficient and that autoantibody 
status plays a critical role in shaping 
disease phenotype and prognosis (15-
19). Furthermore, these studies suggest 
that autoantibody profiles in patients 
with lcSSc may influence the timing 
of symptom onset. In line with this 
concept, in our study, RP and non-RP 
symptoms appeared earlier in ATA-pos-
itive lcSSc patients, and although not 

statistically significant, the time from 
RP onset to non-RP symptom onset was 
shorter in ATA-positive patients. These 
findings are consistent with several pre-
vious reports (17-19),  although others 
have found no differences in the age at 
onset of RP or non-RP symptoms be-
tween ATA- and ACA-positive lcSSc 
patients (16, 28). Additionally, Kranen-
burg et al. reported no difference in the 
interval between RP and non-RP symp-
toms (16). Moreover, we demonstrated 
that the age of onset for RP and non-RP 
symptoms was comparable between 
ATA-positive lcSSc and ATA-positive 
dcSSc patients, whereas the interval 
from the onset of RP to non-RP symp-
toms was shorter in ATA-positive dcSSc 
patients. ATA positivity appears to pre-
cipitate the onset of symptoms earlier 
than in ACA positive patients. Although 
ATA positivity in lcSSc patients seems 
to shorten the interval between RP and 
non-RP symptoms, it is insufficient to 
explain the rapid progression observed 
in dcSSc, implicating additional modi-
fying mechanisms in disease evolution.
The strongest and most clinically rel-
evant finding of this study is the high 
prevalence of ILD among ATA-positive 
lcSSc patients, which was comparable 
to that observed in ATA-positive dcSSc 
and markedly higher than in ACA-pos-
itive lcSSc. Consistent with previous 
reports, despite not being specifically 
focused on early-stage systemic scle-
rosis (15-19, 28), our findings support 
that ATA positivity is a key determinant 
of pulmonary involvement in early SSc, 
independent of the extent of skin in-
volvement. Although our study was not 
designed to assess ILD prognosis and 
did not evaluate the extent of fibrosis on 
HRCT, the higher proportion of male 
patients and greater mRSS in ATA-pos-
itive dcSSc, both recognised adverse 
prognostic factors, suggest a potentially 
worse ILD course in this subgroup (17, 
29). These results suggest that patients 
with early SSc should be cautious about 
the presence and progression of ILD in 
the presence of ATA positivity, regard-
less of the extent of skin involvement.
Beyond lung involvement, ATA-pos-
itive lcSSc also demonstrated a more 
severe cutaneous phenotype than ACA-
positive lcSSc. Although ATA-positive 

Fig. 2. Comparison of clinical characteristics in ACA-positive and ATA-positive lcSSc and dcSSc 
patients.
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lcSSc demonstrated higher mRSS val-
ues, other clinical features were largely 
comparable with ACA-positive lcSSc. 
In contrast, ATA-positive dcSSc pa-
tients showed more advanced skin dis-
ease and more frequent pitting scars 
than ATA-positive lcSSc. Our results 
suggest that ATA positivity alone does 
not fully account for cutaneous sever-
ity and that skin extent remains an im-
portant modifier of phenotype. Previous 
studies have reported heterogeneous 
findings regarding clinical manifesta-
tions in ATA-positive disease subtypes. 

With respect to digital ulcers and pitting 
scars, several studies have shown simi-
lar frequencies in lcSSc patients regard-
less of ACA or ATA positivity, whereas 
others, including data from the RES-
CLE registry, have reported higher rates 
in ATA-positive subgroups, in line with 
our findings (17, 19, 28). In addition, 
nailfold capillaroscopy patterns dif-
fered across groups, with ATA-positive 
dcSSc more frequently exhibiting the 
active scleroderma pattern, in line with 
the findings of Arandia et al. (26). Col-
lectively, these data support that ATA-

positive lcSSc occupies an intermediate 
clinical position between ACA-positive 
lcSSc and ATA-positive dcSSc.
In ATA-positive patients, the earlier 
onset of symptoms, combined with a 
higher frequency of ILD and elevated 
mRSS, appears to be associated with 
a greater need for immunosuppressive 
therapy and the use of nintedanib. In our 
cohort, immunosuppressive therapies 
were used significantly more frequently 
in ATA-positive lcSSc patients com-
pared to ACA-positive lcSSc patients, 
particularly mycophenolate mofetil 
and, to a lesser extent, nintedanib. In-
terestingly, the frequency of immuno-
suppressive use in ATA-positive lcSSc 
patients was comparable to that in ATA-
positive dcSSc patients, except for cy-
clophosphamide use, despite the lower 
mRSS scores and absence of marked 
differences in pulmonary function tests. 
These findings may indicate that the 
high rate of immunosuppressive ther-
apy in ATA-positive lcSSc reflects not 
only the clinical severity of the patients 
but also the increasing awareness of the 
prognostic significance of ATA positiv-
ity and its potential to influence the dis-
ease course even at early stages.
Our study has several limitations. First, 
although it included a cohort of patients 
with early SSc, the follow-up period 
remains relatively short. As a result, 
some ATA-positive patients initially 

Table II. Comparison of treatment characteristics in ACA-positive and ATA-positive lcSSc and dcSSc patients.

	 All lcSSc patients	 ACA (+) lcSSc	 ATA (+) lcSSc	 ATA (+) dcSSc	 p
	 n=129	 n=74	 n=55	 n=43	

Immunosuppressive treatments, n (%)	 65 	(50.4)	 19 	(25.7)	 46 	(83.6)	 39	 (90.7)	 <0.001†¶

Glucocorticoids, n (%)	 26 	(20.2)	 10 	(13.5)	 16 	(29.1)	 18 	(41.9)	 0.002¶

Mycophenolate mofetil, n (%)	 40 	(31)	 5 	(6.8)	 36 	(63.6)	 29 	(67.4)	 <0.001†¶

Methotrexate, n (%)	 5 	(3.9)	 8 	(10.8)	 10 	(18.2)	 11 	(25.6)	 0.115
Azathioprine, n (%)	 6 	(4.7)	 2 	(2.7)	 4 	(7.3)	 4 	(9.3)	 0.290
Rituximab, n (%)	 5 	(3.9)	 1 	(1.4)	 4 	(7.3)	 4 	(9.3)	 0.126
Cyclophosphamide, n (%)	 5 	(3.9)	 2 	(2.7)	 3 	(5.5)	 13 	(30.2)	 <0.001‡¶

Other treatments
Calcium channel blockers, n (%)	 83 	(64.3)	 49 	(66.2)	 34 	(61.8)	 30 	(69.8)	 0.707
Acetylsalicylic acid, n (%)	 93 	(72.1)	 56 	(75.7)	 37 	(67.3)	 30 	(69.8)	 0.555
Hydroxychloroquine, n (%)	 73 	(56.6)	 42 	(56.8)	 31 	(56.4)	 20 	(46.5)	 0.517
Iloprost, n (%)	 15 	(11.6)	 8 	(10.8)	 7 	(12.7)	 6 	(14)	 0.873
PDE5 inhibitors, n (%)	 8 	(6.2)	 4 	(5.4)	 4 	(7.3)	 3 	(7)	 0.898
Endothelin receptor antagonist, n (%)	 7 	(5.4)	 4 	(5.4)	 3 	(5.5)	 1 	(2.3)	 0.705
Pentoxifylline, n (%)	 10 	(7.8)	 6 	(8.1)	 4 	(7.3)	 1 	(2.3)	 0.444
Nintedanib, n (%)	 5 	(3.9)	 0		  5 	(9.1)	 0		  0.004†

ACA: anti-centromere antibody; ATA: anti-topoisomerase I antibody; dcSSc: diffuse cutaneous systemic sclerosis; lcSSc: limited cutaneous systemic scle-
rosis; n: number of patients; PDE5: phosphodiesterase-5.
†, ‡, ¶ denote Bonferroni-adjusted pairwise comparisons (p<0.05): † ACA-positive lcSSc vs. ATA-positive lcSSc; ‡ ATA-positive lcSSc vs. ATA-positive 
dcSSc; ¶ACA-positive lcSSc vs. ATA-positive dcSSc.

Table III. Comparison of HRCT and pulmonary function test findings between ATA-posi-
tive lcSSc and ATA-positive dcSSc patients with ILD.

	 ATA-positive lcSSc	 ATA-positive dcSSc 	 ATA (+) lcSSc vs. 
	 with ILD	 with ILD	 ATA (+) dcSSc
	 n=41	 n=28	 P

HRCT findings
Ground-glass opacities, n (%)	 34/40 	(85)	 21/27 	(77.8)	 0.524
Traction bronchiectasis, n (%)	 10/40 	(25)	 9/27 	(34.6)	 0.399
Honeycomb, n (%)	 2/39 	(5.1)	 0/26 		 0.513
Septal thickening	 18/40 	(45)	 12/27 	(46.2)	 0.927
Increased reticular density, n (%)	 25/40 	(62.5)	 19/27 	(70.4)	 0.506
Pleural effusion, n (%)	 6/40 	(15)	 7/27 	(25.9)	 0.267

Pulmonary function test
Basal FVC %, median (IQR)	 81 	(31)	 73.5 	(29.3)	 0.077
Basal FEV1 %, median (IQR)	 86 	(35)	 74.5 	(23.3)	 0.088
Basal FEV1/FVC %, median (IQR)	 96 	(18)	 103	 (19)	 0.185
Basal DLCO %, median (IQR)	 77 	(31.5)	 88 	(22)	 0.052

ACA: anti-centromere antibody; ATA: anti-topoisomerase I antibody; DLCO: diffusing capacity for 
carbon monoxide; FEV1: forced expiratory volume 1; FVC: forced vital capacity; HRCT: high-reso-
lution computed tomography; IQR: interquartile range; lcSSc: limited cutaneous systemic sclerosis; n: 
number of patients.
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classified as having lcSSc may evolve 
into dcSSc over time, potentially repre-
senting a transitional phenotype not yet 
captured in our analysis. Second, due 
to the multicentre design of the study, 
ATA and ACA assessments were per-
formed in different laboratories, which 
may have introduced variability. Third, 
the other SSc-related antibodies (such 
as anti-RNA polymerase III, anti-Th/
To antibodies) were not assessed in 
most of the patients, and their poten-
tial effect on cutaneous subtypes may 
therefore have been underestimated. 
However, the coexistence of these anti-
bodies is considered to be rare. Despite 
these limitations, the study has notable 
strengths, including its multicentre de-
sign, which enhances the generalisabil-
ity of the findings to the Turkish SSc 
population, and its specific focus on the 
early-stage disease, allowing charac-
terisation of ATA-positive lcSSc before 
full phenotypic evolution.
In conclusion, this multicentre study 
demonstrates that ATA-positive lcSSc 
patients, even at an early disease stage, 
represent a distinct clinical subset with 
features overlapping those of both 
ACA-positive lcSSc and ATA-positive 
dcSSc patients. Despite this intermedi-
ate clinical phenotype, the comparable 
frequency of immunosuppressive treat-
ment to that in ATA-positive dcSSc 
patients, suggests that clinicians may 
perceive this subgroup as higher risk. 
These findings underscore the need for 
prospective longitudinal registries with 
systematic follow-up to clarify disease 
trajectories, evaluate treatment strate-
gies, and determine long-term outcomes 
in this antibody-defined subgroup.
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