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Abstract: Antisynthetase syndrome (ASSD) is a rare clinical condition that is characterized by the
occurrence of a classic clinical triad, encompassing myositis, arthritis, and interstitial lung disease
(ILD), along with specific autoantibodies that are addressed to different aminoacyl tRNA synthetases
(ARS). Until now, it has been unknown whether the presence of a different ARS might affect the
clinical presentation, evolution, and outcome of ASSD. In this study, we retrospectively recorded
the time of onset, characteristics, clustering of triad findings, and survival of 828 ASSD patients
(593 anti-Jo1, 95 anti-PL7, 84 anti-PL12, 38 anti-EJ, and 18 anti-OJ), referring to AENEAS (American
and European NEtwork of Antisynthetase Syndrome) collaborative group’s cohort. Comparisons
were performed first between all ARS cases and then, in the case of significance, while using anti-Jo1
positive patients as the reference group. The characteristics of triad findings were similar and the
onset mainly began with a single triad finding in all groups despite some differences in overall
prevalence. The “ex-novo” occurrence of triad findings was only reduced in the anti-PL12-positive
cohort, however, it occurred in a clinically relevant percentage of patients (30%). Moreover, survival
was not influenced by the underlying anti-aminoacyl tRNA synthetase antibodies’ positivity, which
confirmed that antisynthetase syndrome is a heterogeneous condition and that antibody specificity
only partially influences the clinical presentation and evolution of this condition.

Keywords: antisynthetase syndrome; antisynthetase antibodies; arthritis; myositis; interstitial
lung disease

1. Background

Antisynthetase syndrome (ASSD) is a rare connective tissue disease that affects the skin, joints,
muscles, and lungs [1]. Several specialists (e.g., neurologists, pulmonologists, and rheumatologists)
may deal with this disease, and this wide range of potential referrals complicates ASSD treatment
approaches and leads to heterogeneous management. The most important advances in ASSD have
been mainly obtained in anti-Jo1 syndrome [2]. In this condition, the timing of the appearance of
different manifestations is heterogeneous; isolated arthritis, generally similar to Rheumatoid Arthritis
(RA), is the most frequent presentation [3–6], and anti-Ro antibodies co-occur in 50% of cases [7].
We have limited information regarding the clinical presentation pattern and evolution associated with
other anti-aminoacyl tRNA synthetase antibodies (ARS). The aim of this study is to fully describe the
effects of ARS in the clinical spectrum time course of ASSD and establish whether this condition is a
unique syndrome or a group of different diseases.

2. Methods

2.1. Patients

According to the local Institutional Ethics Boards approval, the data were collected until the end
of December 2018, from the AENEAS (American and European NEtwork of Antisynthetase Syndrome)
collaborative group cohort of ASSD. The inclusion criteria were a clinical diagnosis of ASSD, being

http://www.mdpi.com/2077-0383/8/11/2013?type=check_update&version=1
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confirmed by ARS positivity, along with at least one triad finding. All of the patients should have been
evaluated at least once in the local referral center between April 2014 (date of AENEAS collaborative
group institution) and December 2018, with a follow-up of at least six months in order to be included
in the study.

ASSD was defined complete (all triad findings) or incomplete (one/two triad findings) and the
onset identified with the first pulmonary, muscle, or joint symptom/sign. Features’s onsets were
defined as concomitant when they occurred less than three months apart. If a triad finding appeared
more than three months after the previous one, it was defined as an “ex-novo” finding. Diagnostic
delay was considered the time from the onset and the clinical diagnosis of ASSD.

2.2. Manifestation’s Definition

2.2.1. Triad Findings

Interstitial lung disease (ILD): Restrictive pulmonary function tests (PFTs) pattern (forced vital
capacity (FVC) ≤ 80%, forced expiratory volume in the first second/forced vital capacity (FEV1/FVC)
≥ 70%) and/or >20% diffusing capacity of the lungs for carbon monoxide (DLCO) reduction, and/or
ground glass/reticular pattern on chest high-resolution computed tomography (HRCT). For HRCT
scans, discussion with the local referent radiologist was mandatory, in order to reduce the risk of
false-positive/negative patients. PFTs were performed at baseline, as an assessment of lung involvement
in early arthritis/connective tissue disease, lung HRCT in the case of respiratory symptoms (cough
and/or dyspnea), altered PFTs, DLCO impairment, or ASSD diagnosis. ILD presentation was defined
as acute/subacute when dyspnea began acutely and progressed rapidly (4–6 weeks from symptom
onset), chronic when dyspnea began insidiously and progressed slowly, and asymptomatic when lung
involvement was not clinically evident.

Muscle involvement: Muscle enzymes’ elevation (creatinine phosphokinase and/or aldolase
increase >50%, as compared with upper normal values) and typical electromyography and/or muscle
biopsy and/or muscle magnetic resonance alterations. Myositis onset was defined as classic (muscle
strength deficit) or hypomyopathic (no muscle strength deficit).

Arthritis: Clinical evidence of joint swelling/tenderness.

2.2.2. Accompanying Findings

Fever: Body temperature of ≥38 ◦C for more than 10 days, not otherwise explained.
Mechanic’s hands (MHs): Thickened, hyperkeratotic, and fissured aspect of the radial sides of the

fingers, without other explanations.
Raynaud’s Phenomenon (RP): Transient fingers’ ischemia after exposure to the cold, confirmed by

a clinician.

2.3. Laboratory Tests

ARS were considered to be positive after two tests’ confirmation (at least one obtained in the
tertiary autoimmune laboratory of the center that included the patient). The same “double positive”
rule was applied for the antinuclear antibodies test (ANA test), and measures of rheumatoid factor
(RF) and anti-cyclic citrullinated peptide antibodies (ACPA). The Euroline Autoimmune Inflammatory
Myopathies 16 Ag kit (Euroimmun, Luebeck, Germany) was used in all centers for all cases of
non-anti-Jo1 ARS, and for the majority of anti-Jo1 ARS cases (some of these were only assessed with
commercially available ENA (extractable nuclear antigen) screen tests).

2.4. Statistical Analysis

The characteristics of the patients at disease onset and last follow-up were reported while using
median and interquartile range (IQR) for the quantitative variables, and absolute/relative frequency
values for the qualitative ones. The overall comparison among ARS groups was performed by a
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non-parametric Kruskal–Wallis test for quantitative variables, and the Chi-square or Fisher exact test for
categorical variables, followed by post-hoc tests with Bonferroni corrected at αc = 0.0125 (we applied
the Mann–Whitney test for quantitative variables and Chi-square or Fisher exact test for categorical
variables), while considering anti-Jo1 positive patients as the reference group. A Cox proportional
hazard regression model was performed to evaluate the association between ARS type and the time of
the “ex-novo” occurrence of triad findings, adjusted for sex, ASSD age at onset, and follow-up length.
The Kaplan–Meier method and log-rank test were used to estimate survival and evaluate whether
there are differences among ARS groups’ survival curves. Analyses were performed while using the
STATA software package (2018, release 15.1; StataCorp, College Station, TX, USA).

3. Results

We retrospectively included 828 patients from 10 countries and 63 hospitals: 593 anti-Jo1 (72%),
95 anti-PL7 (11.5%), 84 anti-PL12 (10%), 38 anti-EJ (4.5%), and 18 anti-OJ (2%) ARS. Patients
characteristics and comparisons by ARS group have been reported in the following paragraphs and in
Table 1 (disease onset), Table 2 (last follow-up), Figure 1 (starting and final triad findings’ cluster),
and Figure 2 (patients’ survival). Cox-regression for progression hazard ratio estimates, overtime
“ex-novo” triad findings appearance, and treatment strategies have been included as Supplementary
Materials (Table S1, Figure S1, Figure S2).

Table 1. Characteristics of included patients at disease onset.

Onset Characteristics
Anti-Jo-1

ARS
(n = 593)

Anti-PL-7
ARS

(n = 95)

Anti-PL-12
ARS

(n = 84)

Anti-EJ
ARS

(n = 38)

Anti-OJ
ARS

(n = 18)

Test;
p-Value; df

§ Females (%) 433 (73.1) 71 (74.7) 62 (73.8) 29 (76.3) 13 (72.2) χ2 = 0.29;
0.99; 4

Median age in years at
disease onset (IQR)

51.0
(41.0–61.0)

53.0
(44.0–63.0)

50.5
(42.5–61.5)

54.5
(46.0–62.0)

57.0
(47.0–67.0)

ˆχ2 = 5.09;
0.28; 4

Median diagostic delay in
months (IQR) 5.0 (2.0–15) 12.0

(5.0–41.0)
10.0

(4.0–26.0) 6.0 (2.0–12.0) 8.0 (2.0–58.0) ˆχ2 = 41.60;
0.0001; 4

comparison vs Anti-Jo-1 ARS reference *p < 0.0001 *p = 0.0002 p = 0.95 p = 0.10

ANA positive (%) 350 (60.3) 58 (64.4) 49 (59.4) 21 (60.00) 7 (38.9) χ2 = 4.14;
0.39; 4ANA negative (%) 230 (39.7) 32 (35.6) 34 (41.0) 14 (40.0) 11 (61.1)

Anti Ro positive (%) 301 (51.3) 50 (54.3) 44 (59.2) 19 (50.0) 4 (22.2) χ2 = 8.32;
0.08; 4Anti Ro negative (%) 286 (48.7) 42 (45.7) 31 (40.8) 19(50.0) 14 (77.8)

Arthritis (%) 362 (61.1) 32 (33.7) 30 (35.7) 10 (26.3) 7 (38.9) χ2 = 52.02;
<0.0001; 4comparison vs Anti-Jo1-1 ARS reference *p < 0.0001 *p < 0.0001 *p < 0.0001 p = 0.06

Symmetrical polyarthritis (%) 253 (71.5) 21 (65.6) 20 (71.4) 8 (80.0) 2 (28.6) Fisher exact
test p = 0.20Oligoarticular/asymmetrical

arthritis (%) 101 (28.5) 11 (34.4) 8 (28.6) 2 (20.0) 5 (71.4)

IgM-RF positive (%) 91 (26.2) 9 (32.1) 5 (19.2) 4 (40.0) 3 (50.0) Fisher exact
test p = 0.39IgM-RF negative (%) 256 (73.8) 19 (67.9) 21 (80.8) 6 (60.0) 3 (50.0)

ACPA positive (%) 34 (11.2) 5 (20.8) 1 (3.8) 2 (25.0) 0 (0) Fisher exact
test p = 0.20ACPA negative (%) 270 (88.8) 19 (79.2) 25 (96.2) 6 (75.0) 6 (100)

Myositis (%) 336 (56.7) 46 (48.4) 30 (35.7) 15 (39.5) 9 (50.0) χ2 = 16.87;
0.002; 4comparison vs Anti-Jo-1 ARS reference P = 0.13 *p < 0.0001 p = 0.04 p = 0.57

Hypomyopathic onset (%) 51 (15.2) 12 (26.1) 9 (30.0) 3 (20.0) 3 (33.3) Fisher exact
test p = 0.06Classic onset (%) 284 (84.8) 34 (73.9) 21 (70.0) 12 (80.0) 6 (67.7)

Interstitial Lung Disease (%) 299 (50.4) 52 (54.7) 57 (69.0) 28 (73.7) 8 (44.4) χ2 = 17.29;
0.002; 4comparison vs Anti-Jo-1 ARS reference p = 0.43 *p = 0.001 *p = 0.005 p= 0.62
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Table 1. Cont.

Onset Characteristics
Anti-Jo-1

ARS
(n = 593)

Anti-PL-7
ARS

(n = 95)

Anti-PL-12
ARS

(n = 84)

Anti-EJ
ARS

(n = 38)

Anti-OJ
ARS

(n = 18)

Test;
p-Value; df

Acute onset (%) 132 (44.6) 25 (48.1) 28 (48.3) 20 (74.1) 3 (37.5)
Fisher exact
test p = 0.14

Chronic onset (%) 114 (38.5) 18 (34.6) 25 (43.1) 6 (22.2) 4 (50.0)

Asymptomatic onset (%) 50 (16.9) 9 (17.3) 5 (8.6) 1 (3.7) 1 (3.7)

Statistically significant differences in bold. * Post-hoc tests significance threshold: p < 0.0125. Legend: ARS, antisynthetase
antibodies; IQR, interquartile range; ANA, antinuclear antibodies; RF, Rheumatoid factor; ACPA, anticyclic citrullinated
peptide antibodies; ˆχ2, Kruskal–Wallis test; df, degree of freedom. § 1 subject in the sample is transgender.

Table 2. Characteristics of included patients at last follow-up.

Last Follow-Up Characteristics
Anti-Jo-1

ARS
(n = 593)

Anti-PL-7
ARS (n= 95)

Anti-PL-12
ARS

(n = 84)

Anti-EJ
ARS

(n = 38)

Anti-OJ
ARS (n= 18)

Test;
p-Value; df

Median disease duration in months (IQR) 72 (30–136) 61 (26–107) 37.5
(20–73.5)

35.5
(17–102) 57.5 (9–118) ˆχ2 = 19.29;

0.0007; 4
comparison vs Anti-Jo-1 ARS reference 0.320 *<0.001 0.021 0.334

Arthritis (%) 440 (74.2) 47 (49.5) 35 (41.7) 20 (52.6) 8 (44.4) χ2 = 58.54;
<0.001; 4comparison vs Anti-Jo-1 ARS reference *<0.001 *<0.001 *0.004 *0.005

Symmetrical polyarthritis (%) 294 (69.0) 31 (66.0) 23 (69.7) 14 (77.8) 3 (37.5) χ2 = 4.50;
0.342; 4Oligoarticular/asymmetrical arthritis (%) 132 (31.0) 16 (34.0) 10 (30.3) 4 (22.2) 5 (62.5)

IgM-RF positive (%) 107 (25.4) 12 (28.6) 5 (16.7) 7 (36.8) 3 (42.9) Fisher exact
test p = 0.392IgM-RF negative (%) 314 (74.6) 30 (71.4) 25 (83.3) 12 (63.2) 4 (57.1)

ACPA positive (%) 37 (10.3) 8 (22.2) 2 (6.4) 2 (15.4) 0 (0.0) Fisher exact
test p = 0.185ACPA negative (%) 323 (89.7) 28 (77.8) 29 (93.6) 11 (84.6) 7 (100.0)

Patients with X-rays joint erosions (%) 58 (15.3) 4 (11.4) 1 (4.3) 2 (20.0) 2 (28.6) Fisher exact
test p = 0.360Patients without X-rays joint erosions (%) 320 (84.7) 31 (85.6) 22 (95.6) 8 (80.0) 5 (71.4)

Myositis (%) 487 (82.1) 76 (80.0) 43 (51.2) 32 (84.2) 14 (77.8) χ2 = 42.93;
<0.001; 4comparison vs Anti-Jo-1 ARS reference 0.62 *<0.001 0.636 0.74

Hypomyopathic onset (%) 97 (20.0) 23 (30.7) 12 (27.9) 6 (18.7) 5 (35.7) χ2 = 7.01;
0.135; 4Classic onset (%) 388 (80.0) 52 (69.3) 31 (72.1) 26 (81.3) 9 (64.3)

Interstitial Lung Disease (%) 486 (82.0) 73 (76.8) 70 (83.3) 34 (89.5) 11 (61.1) χ2 = 8.16;
0.086; 4

Acute onset (%) 179 (37.3) 28 (38.9) 34 (48.6) 21 (63.6) 4 (36.4) Fisher exact
test

p < 0.001
Chronic onset (%) 201 (41.9) 32 (44.4) 28 (40.0) 11 (33.3) 6 (54.6)

Asymptomatic onset (%) 100 (20.8) 12 (16.7) 8 (11.4) 1 (3.0) 1 (9.1)

comparison vs Anti-Jo-1 ARS reference 0.713 0.09 *p = 0.003 p = 0.623

Incomplete ASSD with“ex-novo” triad
findings (%) 302 (62.1) 50 (58.1) 24 (30.4) 23 (62.2) 7 (41.2)

χ2 = 30.27;
<0.001; 4Incomplete ASSD without“ex-novo” triad

findings (%) 184 (37.9) 36 (41.9) 55 (69.6) 14 (37.8) 10 (58.8)

comparison vs Anti-Jo-1 ARS reference 0.482 *<0.001 0.998 0.081

“ex-novo”arthritis (%) 78 (33.8) 15 (23.8) 5 (9.3) 10 (35.7) 1 (9.1) χ2 = 16.48;
0.002; 4no arthritis (%) 153 (66.2) 48 (76.2) 49 (90.7) 18 (64.3) 10 (90.9)

comparison vs Anti-Jo-1 ARS reference 0.13 *<0.001 0.837 *0.005

“ex-novo”myositis (%) 151 (58.8) 30 (61.2) 13 (24.1) 17 (73.9) 5 (55.6) χ2 = 26.43;
<0.001; 4no myositis (%) 106 (41.3) 19 (38.8) 41 (75.9) 6 (26.1) 4 (44.4)

comparison vs Anti-Jo-1 ARS reference 0.75 *<0.001 0.155 p = 1.00

“ex-novo”Interstitial lung disease (%) 187 (63.6) 21 (48.8) 12 (46.2) 6 (60.0) 3 (30.0) χ2 = 9.63;
0.047; 4no Interstitial lung disease (%) 107 (36.4) 22 (51.2) 14 (53.9) 4 (40.0) 7 (70.0)

comparison vs Anti-Jo-1 ARS reference 0.063 0.079 0.816 0.031

Accompanying features (%) 416 (70.9) 70 (76.1) 62 (77.5) 27 (71.1) 9 (50.0) χ2 = 6.58;
0.160; 4No accompanying findings (%) 171 (29.1) 22 (23.9) 18 (22.5) 11 (29.0) 9 (50.0)

Statistically significant differences in bold. * Post-hoc tests significance threshold: p < 0.0125. Legend: ARS, antisynthetase
antibodies; IQR, interquartile range; RF, Rheumatoid factor; ACPA, anticyclic citrullinated peptide antibodies; ˆχ2, Kruskal–Wallis
test; df, degree of freedom.
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reported as ***p < 0.001, **p < 0.01). Legend: ILD, interstitial lung disease. 

Figure 1. Triad findings cluster (in percentage) at disease onset and last follow-up. Significant
differences between groups were evaluated considering anti-Jo1 positive patients as the reference group.
Chi-square or Fisher exact test were used as appropriate (significance threshold: p < 0.0125, reported as
*** p < 0.001, ** p < 0.01). Legend: ILD, interstitial lung disease.
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Figure 2. The Kaplan–Meier survival curve in our cohort of antisynthetase syndrome patients
(established range: 0–60 months) with Log-rank test at 12, 24 and 60 months. Mo: months.

3.1. ARS Groups’ Characteristics

3.1.1. Anti-Jo1 ARS

At onset, arthritis was the most common triad finding (362/593, 61%), being mainly polyarticular
and symmetrical (253/354, 71.5%). Isolated arthritis was the main presentation form (n = 129/593,
22%). An incomplete ASSD was observed in 486/593 patients (82%); 302/486 incomplete ASSD patients
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(62%) developed “ex-novo” triad findings, at a median of 14 months (IQR 6–46) after disease onset.
The most frequent “ex-novo” triad finding was ILD (187/294 patients without ILD at disease onset,
63%). Myositis (n = 487/593, 82%) and ILD (486/593, 82%) were the most common triad findings that
were detected at the last follow-up. At that time, half of the patients had a complete ASSD (n = 298/593,
50%). The median follow-up of the 593 patients was 72 months (IQR 30–136). Sixty-five patients (11%)
died (median 96 months, IQR 54–174 months after disease onset), and 86 (14%) were lost to follow-up
(median 48 months, IQR 12–104 months after disease onset). Accompanying findings were reported in
416/587 (71%) patients (fever 211 patients, 36%; RP 216, 37%; MHs 217, 37%). In fact, 178/587 patients
(30%) had more than one accompanying finding.

3.1.2. Anti-PL7 ARS

At onset, ILD was the most common triad finding (52/95, 54%) and isolated ILD was the most
common presentation form (32/95, 34%). An incomplete ASSD was observed in 86/95 patients (91%);
50/86 incomplete ASSD patients (58%) had “ex-novo” triad findings, at a median of 12 months (IQR
6–36), after disease onset. Myositis was the most common “ex-novo” (n = 30/49 patients without
myositis at disease onset, 61%) and final (76/95, 80%) triad finding. At their last follow-up, 28/95
patients (29%) had a complete ASSD. Overall, the median follow-up length was 61 months (IQR 26–107).
Twelve patients (13%) died (median 93 months, IQR 59–108 months after disease onset) and 6/95 (6%)
were lost to follow-up (median 42 months, IQR 21–79 months after disease onset). Accompanying
findings were reported in 70/92 (76%) patients (fever in 31 patients; 34%, RP in 46, 50%; MHs in 36,
42%). In fact, 37/92 patients (39%) had more than one accompanying finding.

3.1.3. Anti-PL12 ARS

ILD was the most common triad finding (57/84, 69%) and isolated ILD was the main presentation
form (36/84, 43%). An incomplete ASSD was observed in 79/84 patients (94%); 24/79 incomplete ASSD
patients (30%) developed “ex-novo” triad findings at a median of 22 months (IQR 6–40), after disease
onset. Myositis was the most frequent “ex-novo” triad finding (13/54 patients without myositis at
disease onset, 24%). At their last follow-up, ILD (70/84, 83%) was again the most common triad finding
and isolated ILD (n = 30, 36%) the main presentation form. The median follow-up of 84 patients
was 38 months (IQR 20–75). Nine (11%) patients died (median 20 months, IQR 5–35 months after
disease onset) and four (5%) were lost to follow-up (median 74 months, IQR 22–146, after disease
onset). Accompanying findings were reported in 62/80 (78%) patients (fever in 33 patients, 53%; RP in
35, 56%; MHs in 28, 45%). In fact, 27/84 patients (32%) had more than one accompanying finding.

3.1.4. Anti-EJ ARS

ILD was the most common triad finding (28/38, 74%) and isolated ILD the main presentation form
(15/38, 39%). An incomplete ASSD was observed in 37 patients (97%); 23/37 incomplete ASSD patients
(62%) had “ex-novo” triad findings, at a median of 12 months (IQR 6–24), after disease onset, mainly
myositis (17/18 patients without myositis at disease onset, 94%). Most of the patients had complete
ASSD at the end of follow-up (n = 15, 39%). The median follow-up of 38 patients was 36 months
(IQR 17–106). Four patients died (11%, after median 24 months, IQR 18–74, follow-up) and five (13%)
were lost to follow-up (13%, after median of 17 months, IQR 6–23 months, of follow-up). Accompanying
findings were reported in 27 patients (71%, fever 14, 37%; RP e MHs 15, 39% respectively, p = 0.966).
In fact, 40 patients (37%) had more than one accompanying finding.

3.1.5. Anti-OJ ARS

Triad findings’ prevalence was not substantially different at disease onset (myositis, nine patients,
50%; ILD, eight patients, 44%; arthritis, seven patients, 41%); patients mainly presented with isolated
myositis (n = 6, 33%) and an incomplete ASSD was observed in 17 cases (94%). Seven incomplete
ASSD patients (41%) had “ex-novo” triad findings, at a median of 12 months (IQR 3–13), after disease



J. Clin. Med. 2019, 8, 2013 10 of 13

onset. Myositis was the most common “ex-novo” (n = 5/9 patients without myositis at disease onset,
56%), and final (n = 14, 82%) triad finding. At their last follow-up, the patients showed isolated
myositis (n = 5, 28%), myositis and ILD, or a complete ASSD (n = 4, 22% each). The median follow-up
of 18 patients was 58 months (IQR 9–121). Only one patient was lost to follow-up, 58 months after
disease onset. No patients died. Nine patients (50%) had accompanying findings (fever, one patient,
6%; RP, four patients, 22%; and, MHs, seven patients, 39%), even in association. Three patients (17%)
had more than one accompanying finding.

3.2. Groups Comparisons: Main Results

In Tables 1 and 2, we compared the main demographic, laboratory, single triad, and accompanying
findings characteristics of our cohort. The diagnostic delay was greater in both anti-PL7 and anti-PL12
ARS (p < 0.001), as compared with anti-Jo-1 ARS, and the follow-up was shorter in anti-PL12 (p < 0.001)
and anti-EJ ARS (p = 0.021). ANA test results (p > 0.05) and anti-Ro antibodies’ positivity were similar
(p > 0.05). Anti-Jo1-positive patients had higher rates of arthritis when compared with other ARS
(p < 0.01), with the exception of anti-OJ ARS, at onset (p = 0.06). When compared with anti-Jo-1 ARS,
myositis was less common in anti-PL12 (p < 0.01), whereas ILD at disease onset was more common
in anti-PL12 and anti-EJ (p < 0.01). Triad findings’ characteristics were similar, although, at the last
follow-up, ILD presentation was mainly acute in anti-EJ (p = 0.003) as compared with anti-Jo-1 ARS.
In Figure 1, we compare the cluster of triad findings according to underlying ARS, by first performing
an overall comparison and then using the anti Jo-1 ARS as the reference group in the case of statistical
significance (post-hoc analysis). At disease onset, isolated arthritis was the most common presentation
form in anti-Jo1, an isolated ILD in anti-PL7, anti-PL12, and anti-EJ, and isolated myositis in anti-OJ
ARS. At the last follow-up, the complete triad was the most common pattern in anti-Jo-1, anti-PL7,
and anti-EJ; isolated ILD was the most common in anti-PL12, and isolated myositis in anti-OJ ARS.
As shown in Table 2, as compared with anti-Jo1 ARS, “ex-novo” arthritis was less common in anti-PL12
and anti-OJ ARS (p < 0.01). “Ex-novo” myositis was only less common in anti-PL12 ARS (p < 0.001).
The overtime progression of incomplete ASSD was only significantly reduced in anti-PL12 ARS
(Figure S1, supplementary materials). In fact, they had 58% less “risk” of progression, when compared
with anti-Jo1 ARS (Table S1, supplementary materials: Hazard Ratio = 0.42, 95% confidence interval
(CI) 0.28–0.65), with the same sex, age of onset, and follow-up length, being considered as follow-up
intervals (0–12 months, 13–24 months, 25–60 months, and >60 months). Survival was not different
between groups, as the Kaplan–Maier curve, as reported in Figure 2, shows.

4. Discussion

Despite recent advances [3,5–11], many questions on ASSD are still unsolved. A major problem
is the lack of established classification criteria [12,13], with the subsequent inclusion of ASSD
patients with a wide spectrum of conditions, such as Interstitial Pneumonia with Autoimmune
Features [14,15], polymyositis/dermatomyositis [16,17], idiopathic pulmonary fibrosis [2], and
RA [2,3,7,18]. By considering this unmet need, a conjoint international team is working to establish
the ACR-EULAR Classification Criteria of ASSD. However, the first step before the beginning of this
project is to clearly define the clinical spectrum time course that is associated with ARSs, such as
anti-PL7, PL12, OJ, and EJ (defined as non-anti-Jo1 ARS), and not only those with anti-Jo1 antibodies,
in order to confirm that ASSD shares several characteristics.

To date, only a few studies have focused on the comparison between anti-Jo1 and non-anti-Jo1
ARS. The most important [8] identified two different clusters: the first, including the anti-Jo1 ARS,
was associated with multi-organ involvement, the second, including anti-PL7 and anti-PL12 ARS,
was mainly lung-limited. These results were confirmed in other cohorts [9,19]. Other authors
suggested a different timing of myositis and ILD appearance, and an ARS-related heterogeneity of
the syndrome [17]. However, these studies only partially focused on arthritis, a frequently forgotten
manifestation of ASSD, at risk of misdiagnosis with RA [3,7]. We showed that, even if arthritis was
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substantially more frequent in anti-Jo1 positive patients (about 75%), the characteristics were similar
independently to the underlying ARS specificity. Furthermore, non-anti-Jo1 ARS patients had arthritis
at a clinically relevant rate, in about 40%–50% of cases. However, we cannot exclude a possible
underestimation of non-anti-Jo1 ARS in isolated arthritis [3]. In fact, although anti-ENA screen tests,
usually containing anti-Jo1 antibodies, are routinely performed on these patients, non-anti-Jo1 ARS are
rarely tested. Muscle involvement was less common in anti-PL12 ARS, but the characteristics were
similar in all groups. The final prevalence of ILD was also similar and the only difference that we
observed was that anti-EJ positive patients more frequently had an acute onset. These similarities
and the similar prevalence of ANA test and anti-Ro antibodies’ positivity could be considered a
confirmation of the similar nature of ASSDs. Another clue relates to a similar triad findings cluster and
clinical spectrum time course, which we first confirmed in non-anti-Jo1 ARS. A single triad finding at
onset (isolated-arthritis in anti-Jo1 ARS, isolated-myositis in anti-PL7 and anti-OJ ARS, isolated-ILD
in anti-PL12 and anti-EJ ARS) was the most common onset type, and the “ex-novo” occurrence of
previously lacking triad findings in incomplete ASSD was similar in all of the groups. Only anti-PL12
positive patients had less progression but, in this case, the clinical meaning largely outweighed the
statistical result, since the 30% rate of progression in incomplete ASSD appears to be one relevant
event. Lastly, we also compared survival, which was substantially similar. Our result is in contrast
with some previous reports [8,9,20], but in keeping with others [19,21]. We do not know the reasons
for these differences, but we feel that early diagnosis and referral of ASSD may improve prognosis.

The main limitation of this study is its retrospective design [22,23]. However, we strongly believe
that this type of study is a necessary starting point in all clinical research, in particular if addressing rare
diseases. Furthermore, the large number of patients included in the study might partially compensate
for its retrospective nature. In some patients, anti-Jo1 ARS positivity was only ascertained through
routine ENA screening tests. Many of these patients had died or were lost to follow-up, thus they did
not have the possibility of being re-tested with the reference kit used in the local tertiary laboratories.
We should question whether patients with anti-Jo1 antibodies should perform additional analyses
other than the routine ENA screening tests in a real-life setting. The same problem led us to not include
the characterization of anti-Ro (52 or 60 kDA) antibodies. Another potential limitation is that we did
not use immunoprecipitation (IP) for ARS positivity confirmation, and that we did not evaluate anti-Zo,
-YRS, and -KS ARS. However, when considering that IP cannot be routinely applied in daily clinical
practice [24], this could be considered to be a cohort of patients from a real-life setting. Furthermore,
our choice to only include patients with twice-confirmed ARS positivity might have excluded some
ASSD patients from analysis. However, we preferred losing some true ASSD cases rather than increase
the risk of false-positive patients’ inclusion. Additionally, the mandatory determination of ARS in a
tertiary laboratory centre was used to get the cleanest population study possible. Lastly, the cytoplasmic
positivity of ANA [11] was not available in a relevant percentage of cases, and thus not included
in this analysis. Regarding the ILD definition that we applied, it is important to underline that the
accuracy/robustness of the radiological diagnoses has not been centrally verified, and that the patterns
of ILD have not been characterized in this study.

5. Conclusions

In conclusion, our data strongly suggest that the clinical presentation and course of anti-Jo1, PL7,
PL12, EJ, and anti-OJ positive ASSD is broadly similar, regardless of the specific antibody responsible,
sharing various characteristics and triad feature type, ANA and anti-Ro positivity, prevalence of
accompanying findings, and having a similar clinical spectrum time [7]. This is not a minor issue,
because several ARS-positive patients are not diagnosed with ASSD [2]. Obviously, different diagnoses
correspond to different approaches, with changes in the treatment strategies and potential effects on
the outcome. We think that the present study is a further confirmation of the clinical need for specific
classification criteria for ASSD, which will provide a basis for setting up specific clinical therapeutic
trials for this disease.
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