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Summary  

The Anti-synthetase syndrome (ASS) is a rare systemic auto-immune disease defined by 

distinct clinical features and the presence of a specific anti-synthetase antibody (aaRS), most 

commonly anti-Jo1. The major clinical features are myositis and interstitial lung disease 

(ILD), others are arthritis, Raynaud’s, mechanic’s hands and fever (1). Patients with ASS 

appear to have increased morbidity and mortality compared to general population, mostly due 

to the pulmonary component of the disease (2-4).   

Our aim for this study was to assess long term outcome of the pulmonary and muscular 

manifestations in a well-defined ASS cohort followed at our department at Oslo University 

Hospital (OUH). Patients with a positive serological test of an anti-aaRS antibody, diagnosed 

with ILD according to the American Thoracic Society (ATS) (5) and/or myositis according to 

Bohan and Peter criteria (6) were invited to participate in the study (N=70). For comparisons 

we invited healthy controls, one age and gender matched control for each patient, randomly 

collected from the National People Register of Norway. Additionally, we wanted to 

retrospectively evaluate anti-CD20 therapy in ASS-related ILD and to evaluate different 

screening methods for pulmonary hypertension (PH) in the ASS. 

We found that the ASS patients, with median disease duration of 71 months, had significantly 

reduced pulmonary function (measured by pulmonary function test, PFT) compared to the 

controls. The ILD extent assessed in HRCT of the lungs were in the patients median 20% of 

total lung volume, and correlated with forced vital capacity (FVC) and the lung diffusion 

capacity of Carbon Monoxide (DLCO). Twenty-four ASS patients had been treated with 

Rituximab (Rtx) due to severe lung involvement. With median disease duration of 52 months 

the patients demonstrated significant improvement in PFT after Rtx therapy. 5/24 were 

diagnosed with infections, all five > six months after therapy. 

The patients scored significantly less in muscle strength and endurance compared to controls. 

Muscle MRI revealed significantly higher scores for muscle edema, fascie edema, fatty 

replacement and muscle volume reduction in patients compared to controls. 23% of the 

patients with normal CK values had a muscle MRI activity score (max 42p) of >18p, and the 

muscle tests did not correlate with MRI activity score but with damage score. 26 % of the 

patients had concomitant muscle MRI changes of activity and damage. 

 



 
 

The PH analyses showed that a Pulmonary Artery diameter (PAd) > 30 mm on lung HRCT 

was a very sensitive PH marker (100% sensitivity), but specificity was low (68%). None of 

the 43 patients who had PAd < 30 mm and an estimated Pulmonary Artery Pressure (estPAP) 

< 45 mmHg by Echocardiography were diagnosed with PH.  

ASS has a major impact on pulmonary and muscular function in patients with long standing 

disease. It is therefore important with effective treatment where anti-CD20 therapy could be 

an option in patients with pulmonary involvement. The need for thorough clinical assessment 

is also evident; Here muscle MRI evaluating the myositis component and measurement of 

PAd as a complementary tool in PH screening could be helpful.   
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1 The anti-synthetase syndrome 

1.1 Introduction 

In 1976 a male patient was referred to the Emergency Room with three weeks history of dry 

cough, progressive respiratory failure, fever and muscle pain (7). An open lung biopsy 

revealed interstitial pneumonitis including fibrosis. At first there was no suspicion of a 

specific connective tissue disease, but due to increasing myalgia and proximal muscle 

weakness the question of polymyositis (PM) with interstitial lung disease (ILD) was raised 

and eventually diagnosed. The patient was treated with variable doses of steroids and effect 

until he unfortunately died of acute myocardial infarction in 1980. Investigation of the 

patient’s serum with immune diffusion detected a novel antibody, later also found in other 

patients with polymyositis (8). The antibody was given the name anti-Jo1, after the patient’s 

first name, John. Further analyses of the immune precipitate revealed the Jo1 antigen as 

histidyl t-RNA synthetase; Thus the anti-Jo1 antibody was the first detected antibody against 

an aminoacyl t-RNA synthetase (aaRS) (9).  

 

1.2 Aminoacyl t-RNA synthetases 

The aminoacyl t-RNA synthetases (aaRS) are enzymes that catalyze the attachment of an 

amino acid to its correspondent t-RNA chain and act therefore as a very important basic step 

in the protein synthesis (10), se Figure 1. There is one specific aaRS for each amino acid. 

When the attachment is done, made by an ester binding that requires energy from the 

conversion of adenosintriphosphate (ATP) to adenosinmonophosphate (AMP), the ribosome 

can transfer the amino acid from the tRNA to a growing peptide and, finally, protein. 
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To date, eight anti aaRS-antibodies contributing to the clinical entity anti-synthetase 

syndrome (ASS) are known and believed to be mutually exclusive.                                                                                                                                               

Table 1; Known Anti aaRS-antibodies in the ASS  

 

ANTIBODY 

 

ANTIGEN 

PREVALENCE IN 

MYOSITIS (%) 

Jo-1 histidyl 25-30 

PL-7 threonyl 2-5 

PL-12 alanyl 2-5 

EJ glycyl 1 

OJ isoleucyl 1 

KS asparaginyl 1 

Zo phenylalanyl 1 

Tyr tyrosyl 1 

    Adapted from Hervier and Benveniste (11) 

The description of the syndrome was first made in 1990 by Marguerie et al who described the 

clinical picture of 29 British patients with positivity of one of three anti-aaRS antibodies (anti-

Jo1, PL-7 and PL-12), followed up by a US study by Love et al in 1991 (1, 12). 

 

1.3 Demographics 

The incidence and prevalence of ASS is somewhat difficult to estimate due to the syndrome’s 

rarity and the lack of established classification criteria. Since ASS-associated myositis is 
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reported to be 25-30 % of all PM/DM, the annual incidence of ASS-associated myositis is 

estimated to 1.25-2.5/million with a prevalence of 1/100000 (13). In a study of 131 ASS 

myositis patients the onset of disease had a seasonal peak in March-April (14). Reported 

female:male ratios are typically  2:1. ASS affects any age, but most commonly between 40-55 

years (11). 

 

1.4 Clinical and histological features of the anti-synthetase syndrome 

1.4.1 Myositis 

Myositis is one of the major component of the ASS found in 57-79 % of the patients, to a 

lesser degree at time of diagnosis but can develop during disease course (2, 3, 15-19). The 

frequency depends on which of the anti-aaRS is present; Myositis is found more often in anti-

Jo1 and PL-7 subsets than in PL-12 subsets (2, 19-21). The most common myositis phenotype 

in ASS is generally described as polymyositis (PM), although there are a few cohorts with 

dermatomyositis (DM) as the dominant type (1, 8, 18, 22, 23).  

The severity of myositis seems to differ between anti-Jo1 positive and negative subsets with 

more muscle involvement in the anti-Jo1 positive patients (2, 18, 19). However, heterogeneity 

in clinical muscle activity are seen not only in different ASS-subsets but also in the same 

subgroups and individually during disease course (11). 

1.4.1.1 Muscle histology in the ASS 

The muscle histology of the ASS was first described as an immune myopathy with 

perifascicular pathology (IMPP) by Pestronk in 2011 (24). Recently, the ASS muscle 

pathology was described as a distinct entity compared to the pathology of PM and especially 

DM. It comprises perifascicular distribution of HLA-DR expression in the myofibers, C5b-9 

deposition on sarcolemma of perifascicular fibers, myo-nuclear actin filament inclusions, 

perifascicular/ perimysial necrosis and, to a minor extent, perifascicular atrophy (25-27). 

1.4.2 Interstitial lung disease (ILD) 

ILD is the other major component of the ASS with a frequency of 69-94 % depending on 

which aaRS-antibody present and study population (2, 3, 15-19). The type of ILD-onset in 

myositis, as well as in ASS, could clinically be divided into acute and gradual form with 

poorer prognosis in the acute onset group (28-30). 
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The most frequent ILD pattern on lung-CT scan in the ASS is described with peripheral, basal 

ground-glass attenuation, traction bronchiectasis and consolidation (2, 4, 19, 31-36). 

According to the classification of idiopathic interstitial pneumonias (IIPs) by the American 

Thoracic Society (ATS) and the European Respiratory Society (ERS), this pattern is classified 

as “non-specific interstitial pneumonia” (NSIP) (Table 2) (37, 38). Other common CT 

patterns seen in the ASS are “organizing pneumonia” (OP), a “mixture” of NSIP/OP and 

“usual interstitial pneumonia” (UIP) (2, 4, 19, 31-35). UIP is the CT- pattern of idiopathic 

pulmonary fibrosis and is, compared to the NSIP pattern, less responsive to treatment (37, 39). 

Although rare, a CT pattern of diffuse alveolar damage (DAD) is also described in the ASS 

(40). DAD is classified as an acute IIP and both UIP and DAD have in ASS been associated 

with increased mortality (4, 40).  

Table 2; Lung CT-patterns described in the ASS 

 INTERSTITIAL 

PNEUMONIA (IP) 

 

CT PATTERN 

 

CT DISTRIBUTION 

 

CT FINDINGS 

 

 

 

Chronic fibrosing IP 

 

NSIP 

 

peripheral, basal, 

symmetric 

ground-glass opacity,  

linear opacities,traction 

bronchiectasis, 

consolidation 

 

UIP 

 

peripheral, basal, 

subpleural 

reticular opacities, 

honeycombing, traction 

bronchiectasis, focal 

ground-glass opacity 

 

 

Acute/subacute IP 

 

OP 

 

subpleural or 

peribronchial 

patchy consolidations 

or nodules, central 

ground-glass opacity 

 

DAD 

 

diffuse or patchy 

ground-glass opacity, 

extensive 

consolidations, traction 

bronchiectasis  

NSIP=non specific interstitial pneumonia, UIP=usual interstitial pneumonia, OP=organizing pneumonia, 

DAD=diffuse alveolar damage. Adapted after Sverzelatti et al (37) 

1.4.2.1 Pulmonary histology of the ASS 

Due to the rarity of the disease and the fact that lung biopsy is not a common procedure in the 

diagnosis of ASS-related ILD, most of the studies of pulmonary histology in the ASS are 

described with few cases (4, 31, 33, 34, 40-50). The histology patterns are classified in the 

same way as the CT-patterns including NSIP, UIP, OP and DAD. Correspondingly to the CT-

patterns, NSIP is the most frequent histological pattern in ASS, but inconsistency between 

corresponding CT- and histological pattern exist. DAD is an example of this since the pattern 

of DAD is more often described in lung biopsies than in CT-images (4, 32, 34, 40). 
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1.4.3 Skin manifestations 

Mechanic’s hands (MH) is a classic dermatological feature of ASS with hyperkeratosis, 

erythema and fissures on the palmar and lateral aspects of the hand and digits (11, 51). 

Initially believed to be a specific feature of the ASS, but have been diagnosed in other forms 

of myositis and CTD as well (52, 53). The frequency varies in different studies, between 16-

60 %, also here depending on which ASS subset is present (2, 16-21, 47, 54). Generally, the 

frequency is higher in Jo1- compared to non Jo-1 subsets (55). Usually mechanic’s hands 

coexist with other features of the ASS and are more prominent in flares of the disease (11, 51). 

Other skin manifestations described in ASS are those seen in classical DM with Gottron’s 

papules, heliotrope and cutaneous rash (56). There are also case reports on ASS patients with 

scleroderma-like skin manifestations including sclerodactyly, calcinosis and teleangiectasia 

(56, 57).    

Figure 2 

 

Mechanic’s hands; Courtesy of the patient  
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1.4.4 Raynaud’s phenomenom 

Raynaud’s phenomenom is described in the ASS with a frequency of 24-65 %, higher 

frequency found in the PL-7 and PL-12 subsets (2, 3, 16, 18, 20, 21). There are no studies that 

specifically investigate findings of nail-fold capillaroscopy in the ASS, but one study have 

found correlation between anti-Jo1 positivity and reduced capillary density (58). Digital 

ulcers, similar to those of systemic sclerosis, are rare but exist in the ASS, most in the anti-

Jo1negative subsets (55, 59).  

Figure 3 

 

Raynaud’s; Courtesy of the author 

 

1.4.5 Arthralgia/arthritis 

Joint involvement in the ASS is common with 20-77 % frequency, arthralgia more frequent 

than arthritis, and more in anti-Jo1 subsets (2, 15, 16, 18, 19, 55). Interestingly, a specific 

form of subluxing, deforming arthropathy which affects the interphalangeal joints, especially 

the thumbs (called “floppy thumbs”), has been seen with the syndrome, described as early as 

in 1976 (60). Some authors divide the ASS arthropathy into 3 groups; 1) subluxing 

arthropathy, 2) erosive or no erosive polyarthritis and 3) isolated arthralgia (61, 62). Anti-

cyclic citrullinated peptide (ACPA) antibodies, as seen in rheumatoid arthritis (RA), are not 

uncommon in ASS patients with erosive polyarthritis and are associated with severe disease 

(63-65). Arthritis could also be the first symptom of ASS, with onset of other clinical features 

later on (66-68). 
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Figure 4 

 

“Floppy thumbs”; Reprinted from Rev.Bras.Revmatol. (69). 

1.4.6 Fever 

Fever is a systemic feature of the ASS with a frequency of 26-38 % (2, 3, 16-18). It is more 

frequent in patients with ILD and active disease (28). Since ILD is more common in anti-Jo1  

negative subsets, fever is more frequent in these subsets (55). 

1.4.7 Cardiovascular manifestations 

Myocarditis, especially related to active myositis, is a known feature of the ASS (70-72). In a 

French retrospective study of 352 ASS patients, myocarditis at any time during disease course 

was present in 12 patients (3.4%), evaluated by Troponin I/T and cardiac-MRI or endocardial 

biopsy (73). As in other inflammatory myopathies the myocarditis could be subclinical and 

eventually lead to cardiomyopathy, congestive heart failure and arrhythmia (74, 75).  

Pericarditis is not extensively investigated but described in the ASS. Interestingly, it has been 

found with a 50 % frequency in a study of 18 PL-7 positive ASS patients (21). 

Another cardiovascular manifestation of the ASS is precapillary pulmonary hypertension 

(PH). There are case reports on ASS patients with precapillary PH caused by pulmonary 

arterial hypertension (PAH), but precapillary PH secondary to ILD is more frequent (76-81). 

A PH frequency of 7.3 % was recently reported in a study of 203 ASS patients, all evaluated 

as PH secondary to ILD. In this study three years survival of the PH patients was 58 % (80). 

Little is known about the incidence of cardiovascular events in myositis and ASS. A Canadian 

population based study identified 774 cases with PM/DM and found an incidence rate for 

myocardial infarction (MI) of 22.52 per 1000 person-years in PM patients, compared to 5.50 

per 1000 person-years in the general population. The incidence rate of stroke was in PM 

patients 10.15 per 1000 person-years, for the general population 5.58 per 1000 person-years. 
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The same tendency was seen for patients with DM (82). In this study no data on myositis 

specific antibodies (MSA) was reported. Diederichsen et al demonstrated an increase in left 

ventricular diastolic dysfunction (LVDD) in 76 myositis patients compared to healthy 

controls (83). LVDD is associated with an increased risk of all-cause mortality (84). 

Interestingly, the LVDD was associated with myositis specific/associated antibodies where 

35/76 patients were positive for an anti-aaRS antibody (83).  

1.4.8 Gastrointestinal manifestations 

As in other forms of myositis, dysphagia and gastrointestinal reflux are reported in ASS (11, 

45). One study with 86 anti-Jo1 positive patients found a 21% frequency of dysmotility in 

oesophagus (85). There is also one cohort study of 15 anti-PL-7 patients which reports 

pseudo-intestinal obstruction in 2/15 patients (86).    

At the end of year 2011, the ASS cohort of Oslo University Hospital (OUH) included 96 

patients. The clinical features of this cohort are seen in Table 3. In Table 4 recent major ASS 

cohorts including cohorts of specific anti-aaRS antibodies and theirs clinical features are 

presented.  

Table 3; Clinical characteristics of OUH’s ASS cohort (1994-2011) with 96 patients 

CLINICAL 

CHARACTERISTICS 

TOTAL  

COHORT (%) 

Anti-Jo1 

(%) 

PL-7 / PL-12 

(%) 

p 

Female/male 67/29 56/23 11/6  

Jo1/PL7/PL12 79/7/10 79 17  

Myositis 73/96        (76)  68/79     (86)  5/17       (29) <0.001 

ILD 90/96        (94)  73/79     (92)  17/17     (100) n.s 

Acute onset of ILD 18/90        (20)  13/73     (18)  5/17       (30) n.s 

>65 years at diagnosis 15/96        (16)  14/79     (18)  1/17       (6) n.s 

SS-A positivity 69/96        (72)  56/79     (70)   13/17     (76) n.s 

Skin manifestations 42/96        (44)  37/79     (47)  5/17       (29) n.s 

Mechanical hands 42/96        (44)  35/79     (44)  7/17       (41) n.s 

Raynaud’s 49/92        (53)  38/75     (51)  11/17     (65) n.s 

Arthralgia/arthritis 71/96        (74)  61/79     (77)  10/17     (59) n.s 

n.s = no significance 
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Table 4; Recent major ASS cohorts inclusive specific minor cohorts 

 

 

 

 

No of 

patients 

   Sex (F/M) 

 

Age at 

diagnosis 

 

aaRS-antibodies 

(N) 

Muscle 

spt / 

myositis      

(%) 

 

PM/DM 

 

(%) 

 

ILD 

 

(%) 

Arthralgi

/ arthritis 

 

(%) 

Raynaud 

 

 

(%) 

Mechanic 

hands 

 

(%) 

Fever 

 

 

(%) 

Hervier et al 

2012 

 

233 

165/68 

 

48 

Jo1/PL7/PL12 

(160/25/48) 

133 

(57) 

NA 179 

(77) 

146/47 

(63/20) 

 

99 

(42) 

45 

(19) 

66 

(28) 

Marie et al 

2012 

 

95 

59/36 

 

56 

 

Jo1/PL7/PL12 

(75 + 20)a 
60 

(63) 

39/21 

(65/35) 

69 

(73) 

55 

(58) 

43 

(45) 

28 

(29) 

NA 

Aggarwal et 

al 

2014 

 

202 

138/64 

 

48 

Jo1/PL7/PL12/EJ/

OJ/KS 

(122 + 80)a 

152 

(75) 

NA 136 

(76)b 
128 

(63) 

NA NA NA 

Hamaguchi 

et al 

2013 

 

165 

130/35 

 

53 

Jo1/PL7/PL12/EJ/

OJ/KS 

(59 + 106)a 

95 

(58) 

36/55 

(22/55)c 
155 

(94) 

61 

(37) 

40 

(24) 

67 

(41) 

51 

(31) 

Dugar et al 

2011 

 

42 

30/12 

 

53 

JO1/PL7/PL12 

(37+4+1) 

28 

(67) 

14/5 

(50/18)c 
29 

(69) 

25 

(59) 

13 

(31) 

9 

(21) 

16 

(38) 

Trallero-

Aragas et al 

2016 

 

148 

90/58 

 

51 

Jo1 123 

(83) 

61/62 

(49.5/50.5) 

121 

(82) 

103 

(70) 

50 

(34) 

66 

(45) 

50 

(34) 

Cavagna et 

al 

2015 

 

225 

167/58 

 

53 

Jo1 177 

(79) 

NA 189 

(84) 

144 

(64) 

52 

(24)d 
42 

(19)d 
57 

(26)d 

Stanciu et al 

2012  

 

48 

NA 

 

43e 

Jo1 47 

(98) 

NA 34 

(92)b 
37 

(77) 

23 

(48) 

10 

(21) 

15 

(31) 

Kalluri et al 

2009 

 

31 

25/6 

 

51 

PL12 21 

(68) 

10/6 

(48/29)c 
28 

(90) 

18 

(58) 

20 

(65) 

5 

(16) 

14 

(45) 

Sato et al 

2007 

 

7 

4/3 

 

53 

OJ 4 

(57) 

4/0 

(100/0) 

7 

(100) 

4 

(57) 

0 

(0) 

NA 3 

(43) 

Targoff et al 

1992 

 

5 

3/2 

 

21-60f 

EJ 5 

(100) 

0/5 

(0/100) 

5 

(100) 

4 

(80) 

3 

(60) 

NA NA 

Labirua-

Iturburu 

2012 

 

18 

15/3 

 

53 

PL7 17 

(94) 

 

12/5 

(71/29) 

10 

(56) 

12 

(67) 

11 

(61) 

5 

(28) 

10 

(56) 

Schneider et 

al 

2015 

 

5 

4/1 

 

49 

KS 1 

(20) 

NA 4 

(80) 

1 

(20) 

2 

(40) 

3 

(60) 

NA 

 

 

 

  

aDivided in Jo1/non Jo 1 subsets,bEvaluated by CT scans, cExclusion of amyopatic and overlap myositis, 
dEvaluated in 217-22pts, eAge at onset, fRange 
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1.5 Classification criteria 

Two set of ASS classification criteria have been proposed, both comprising a positive anti-

aaRs antibody as an obligate item (41, 87). The proposed criteria from Connors et al from 

2010 (41) demand one additionally positive clinical item, not explained by other causes, of 

myositis, ILD, arthritis, Raynaud’s, mechanic hands’ and fever. In the proposed criteria from 

Solomon et al in 2011 (87), the clinical features are divided into major and minor items. The 

criteria demand either two major items or one major item with two minor. 

Table 5; Proposed classification criteria for the ASS 

 Connors et al, 2010 Solomon et al, 2011 

Required Positivity of an aaRS-antibody Positivity of an aaRs-antibody 

Additionally One of the following; 

 

Myositis by Bohan & Peter  

criteria (6) 

ILD by ATS criteria (5) 

Arthritis (clinical, radiological or 

self-reported) 

Mechanic’s hands 

Raynaud’s 

Unexplained persistent fever 

 

Two major or one major and two 

minor items; 

Major; 

Myositis by  

Bohan & Peter criteria (6) 

ILD of no other etiology 

Minor; 

Arthritis 

Mechanic’s hands 

Raynaud’s 

 

aaRS=aminoacyl RNA synthetase, ILD=interstitial lung disease, ATS=American Thoracic Society   

 

1.6 Pathogenesis 

1.6.1 Immune-pathogenesis 

The pathogenesis of ASS is still largely unknown. However, in the last two decades there 

have been increasing knowledge of the immune-pathological role of the 
his

tRNA synthetase 

(Jo1) antigen, involving both innate and adaptive immunity in the ASS (88). 
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1.6.1.1 Adaptive immunity 

The clinical correlation between anti-Jo1 antibodies and disease activity indicates a central 

role for 
his

tRNA synthetase in the pathogenesis of ASS, possibly mediated by the adaptive 

immunity (23, 89). The discovery of 
his

tRNA synthetase as an autoantigen capable to induce 

anti-Jo1 antibody responses with class switching (from IgM to IgG1), spectrotype broadening 

(from oligoclonal to polyclonal) and affinity maturation points towards an involvement by 

adaptive immunity (90). Especially the fact that anti-Jo1 antibodies undergo affinity 

maturation over time points towards an antigen-driven process, possible mediated by 
his

tRNA 

synthetase specific T-cells (88). Such Jo1 specific T-cells have been found in peripheral blood 

of ASS patients (91). Interestingly, a conformation of 
his

tRNA synthetase with a specific 

epitope of a granzyme B-cleavable form is enriched in the alveolar epithelium (92).   

Data from murine model systems supports the notion that adaptive immunity has a role in the 

pathogenesis of ASS. Specifically, it was demonstrated that immunization of mice with 

murine 
his

tRNA synthetase was followed by a direct B and T cell recognition of this antigen  

in combination with clinical features of myositis and ILD (93).  

1.6.1.2 Innate immunity 

Direct activation of the innate immunity by 
his

tRNA synthetase was recently demonstrated. In 

this model intramuscular immunization with recombinant 
his

tRNA synthetase without any 

additional exogenous adjuvant resulted in Toll-like receptor (TLR) and T-cell receptor (TCR) 

signaling and revealed specific lymphocytic infiltration in muscle tissue (94). Further work on 

TLR2/4 signaling and the signal pathways of protein MYD88 indicated these three as major 

components contributing to the development of myositis (95, 96). MYD88 upregulates the 

transcriptional activator NF-κB, a central key protein in the immune response (88). 

Importantly, the immunization also caused an IgG autoantibody response towards the
 his

tRNA 

synthetase, reinforcing the view that the pathogenesis of ASS is driven by adaptive processes 

(94).  

It has been demonstrated that 
tyr

tRNA- , 
his

tRNA and  
asp

tRNA synthetases all have cytokine- 

and chemokine-like properties that make them capable of stimulating T-lymphocytes, 

activated monocytes and immature dendritic cells (97, 98). To note, these specific properties 

are not detected in synthetases without connection to ASS (88).  
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Innate immunity could be active in connection with stimulation of the peripheral blood 

mononuclear cells (PBMC). This can possibly be done by complexes between anti-Jo 1 

antibodies and necrotic cell debris (for example found in neutrophil extracellular traps, NETs) 

(99). Stimulated PBMC have the possibility to upregulate type1 interferon production which 

is not only seen in ASS-related ILD but also expressed in myositis muscle tissues (88). 

A recently published study on natural killer (NK) cells and a NK receptor (NKp30), revealed 

that ASS patients with active disease had a different NK cell profile and decrease in the 

NKp30 compared to ASS patients with inactive disease (100). This decrease was correlated 

with a dysfunctionality of the NK cells. In addition, ASS patients had significantly higher 

infiltration of NK cells in lung tissue compared to healthy subjects. Hence, the findings from 

this study indicate a possible role of the innate immunity and NK-NKp30 cells in the 

pathogenesis of ASS (100).  

1.6.2 Immuno-genetics 

In the last decade there has been increasing knowledge of immuno-genetics in myositis, 

including the ASS (101, 102). Collectively, the studies have demonstrated that the major risk 

genes for Caucasians are located within the major histocompatibility complexes (MHC) on 

chromosome 6 (103-106). Myositis patients with ILD and myositis specific antibodies (MSA) 

are not regulated by the myositis subtype, but by the HLA class II haplotype (107). It appears 

that the major HLA risk alleles for myositis are part of the 8.1 ancestral haplotype. Especially 

the allele DRB1*0103 is associated with anti-Jo1 positivity, and is also seen in PL-7- and PL-

12-positive patients (103, 105).   

Outside the 8.1 ancestral haplotype, but in the MHC region, is the HLA-DPB1gene located. 

The finding of a strong association between the HLA-DPB1*0101 and anti-Jo1 positivity 

indicates this gene as a possible contributor to the pathogenesis of ASS (108). 

1.6.3 Environmental factors 

An association between myositis patients with DRB1*0103 positivity, anti-Jo1 and smoking 

is demonstrated; Anti-Jo1 frequency was higher in DRB1*0103 positive patients who were 

smokers compared to DRB1*0103 positive patients who were non-smokers. Since the 

Jo1antigen is expressed in the lungs (see above) it is possible that an interaction between 

DRB1*0103 and smoking can induce anti-Jo1 positivity (109). There are also theories on 
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occupational (dust, gases, fumes) and household (mold, birds) exposure by inhalation as 

trigging factors of anti-Jo1production locally in the lungs (110-112).  

 

1.7 Biomarkers 

Several studies have demonstrated a linkage between specific biomarkers, anti-Jo1 antibodies 

and clinical manifestations such as ILD (88); One study has shown that the chemokines 

CXCL9 and CXCL10 are increased in ASS-related ILD compared to patients with idiopathic 

pulmonary fibrosis (IPF) (40). Furthermore, ICAM1, a pro-inflammatory cell surface 

glycoprotein, is upregulated in lung endothelial cells of anti-Jo1 positive patients (113) and 

BAFF, an IFN-α inducible cytokine, are associated with anti-Jo1 positivity and ILD (114). 

 

1.8 Treatment of the ASS  

1.8.1 Treatment of the myositis component  

Due to the rarity and heterogeneity of the inflammatory myopathies there are very few    

randomized controlled trials (RCT;s) in myositis, even more so for the ASS. In ASS, the first-

line treatment for myositis is the same as for PM and DM (11). The basic induction therapy in 

myositis is still corticosteroids, usually Prednisone, often in combination with Azathioprine 

(Aza) and/or Methotrexate (Mtx), as steroid-reducing agents (115-120). Interestingly, a study 

with 113 myositis patients, including 34 with ASS, demonstrated only a partial response in 

the majority (84%) of the ASS patients with Prednisone alone. Additional therapy with either 

Aza or Mtx favored Mtx in these 34 patients (116). 

Second line agents; In myositis cases who only respond partially or are refractory to first line 

agents, optional treatment choices are cyclosporin A (CyA), mycophenolate (MMF), 

immunoglobulins (IVIG) and/or Rituximab (Rtx) (121-126).  

CyA is a calcineurin inhibitor as is Tacrolimus (Tac). Both drugs inhibit T-cell activation 

which is a part of the immune pathogenesis in ASS (see above). A small prospective non-

randomized study with nine refractory myositis patients, all without ILD and anti-Jo1 

antibodies, demonstrated efficacy of Tac in terms of increased muscle strength, reduced CK 

levels and doses of Prednisone (127). CyA, MMF and Tac are especially preferred in 

connection with ILD (see below) (117, 119).     
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The “Rituximab In Myositis” (RIM) study, the largest RCT with 200 refractory myositis 

patients (32 with ASS) evaluated the efficacy of Rtx (128). In this study, the patients were 

randomized in two groups, one group received Rtx upfront, while the other was treated with 

steroids for eight weeks before they also received Rtx. Although there was no statistical 

significance between the upfront and delayed Rtx groups in primary and secondary endpoints 

at the end of the six month study period, 83 % of the patients included met the study-specific 

definition of improvement (DOI) (128). Furthermore, predictor analyses of clinical 

improvement in these patients demonstrated a shorter time to achieve DOI in aaRS-positive 

patients compared to patients without myositis specific antibodies (MSA) (129). Another 

prospective study with 10 ASS patients indicated an effect in muscle strength including 

reduction in CK levels and steroid use with Rituximab (130).  

1.8.2 Treatment of the ILD component 

ILD is often a dominant clinical feature of ASS and, as earlier described, may often be acute 

and severe. Both MMF and CyA have in small retrospective, serial studies demonstrated 

efficacy in myositis related ILD (123, 124, 131-134).Tac has in retrospective studies 

demonstrated a positive effect on myositis associated ILD, including the ASS (135-138). In 

one of these studies, on 49 myositis associated ILD patients, Tac was even evaluated as 

superior to conventional treatment with CyA, Cyclophosphamid (Cyc) and Prednisone in 

terms of event- and disease-free survival (135).  

Efficacy of Cyc, usually administered intravenously, for both the ILD- and myositis 

component has been reported but are mostly used with pulmonary indication (139-141). In 

ASS, Yamasaki and coworkers demonstrated a positive effect with Cyc on pulmonary 

function and reduction of ILD changes on HRCT in the majority of the patients (142). 

Rituximab seems to be increasingly used in the treatment of myositis associated ILD, perhaps 

especially in the ASS. Several retrospective studies and case reports have demonstrated a 

beneficial effect of this drug with stabilization, or even improvement in pulmonary function 

and reduced ILD changes on HRCT in ASS patients (143-150). Some concerns regarding 

serious adverse events (SAE:s) with infections, including Pneumocystis Jirovechii, have been 

raised with this therapy (143, 146).  

With the theory of aaRS-antibodies playing a direct role in the pathogenesis, treatment with 

plasmapheresis could be of benefit in the ASS. A positive effect on lung outcome with this 

treatment has been reported (151, 152).  
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1.9 Outcome and prognosis of the ASS 

1.9.1 Survival 

ILD is a major factor with impact on morbidity and mortality in the inflammatory myopathies, 

including the ASS (3, 4, 18, 19, 153-157). In ASS, the reported 5-years survival rates variate 

in different studies between 75-93%, 10-years survival between 61-78% (2-4, 15). The 

survival rates appear to be lower in PL-7/PL-12 positive ASS subsets- compared to Jo-1-

probably due to higher ILD frequency/intensity and, possibly, also longer diagnostic delay (2, 

15). A cumulative 5-years survival of 90 % was found in Jo-1 positive patients compared to 

70% in PL-7/PL-12 positive patients with the correspondent 10-years survival of 75% and 

47%, respectively (15). 

In the ASS cohort of Oslo University Hospital (OUH) 96 patients are registered between 1994 

and 2011. Of these 96 patients 24 (25%) were deceased by 31
st
 of December 2011. Manual 

chart review revealed causes of death as follows; Respiratory failure (N=7), malignancy 

(N=7), heart failure (N=4), infection (N=2), brain hemorrhage (N=1) and unknown (N=3). 

The overall survival of the ASS cohort of OUH is seen below.  

Figure 5 

    

1.9.2 Prognostic factors 

Several risk factors for reduced survival in the ASS have been identified in different cohort 

studies; Diagnostic delay and age over >50 are two of these. Male gender predicted in one 

study (only Jo-1 patients) increased mortality (4), in another study (Jo-1 and non Jo-1 patients) 

gender was not associated with survival (15). 
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Identified ILD-related ASS mortality risk factors include presence of  ILD per se, mono-

organ disease with ILD as a single manifestation of the syndrome, grade of respiratory 

involvement at diagnosis and histological type/CT pattern of the ILD (2-4, 15, 19).  

Anti-Ro52 positivity is associated with ILD in several CTDs, including myositis and ASS 

(158-160). The association between anti-Ro52 and ILD in ASS appears to be present across 

all aaRS subsets (161). Several studies have demonstrated a poorer ILD outcome in ASS 

patients with anti-Ro52 (162-164). In addition, one study found an association between the 

myositis component and presence of anti-Ro52 in anti-Jo1 positive patients with worse 

outcome (163). In the same study the survival was significantly higher for the negative 

compared to the positive anti-Ro52 patients (163). 

1.9.3 Clinical outcome 

In ASS, there are few studies with quantitative data evaluating pulmonary and muscular 

outcome simultaneously. In the large French cohort with 233 ASS patients and a mean follow 

up of > 6 years, 27 % demonstrated a worsening in the pulmonary and/or muscle component 

of the disease and 16 % developed PH (2). Marie et al demonstrated in 86 ASS patients with 

median follow-up of 45 months clinical remission, improvement and worsening in 15%, 64 % 

and 21% of the patients, respectively (85).       

1.9.3.1 Pulmonary and muscular outcome 

Paradoxically, even though ILD is associated with increased mortality, it appears that the 

pulmonary function seems to be rather stable, or decrease slightly from baseline to follow-up 

in the majority of the ASS patients (3, 4, 19, 85). In the study from Zamora et al, with 103 

anti-Jo1 positive patients and median follow-up time of 9.5 years, the yearly decline in 

predicted FVC and DLCO was median -0.3 % and -0.5 %, respectively (4).  In their study on 

90 ASS patients from France, Marie et al demonstrated stabilization/improvement in 60 % of 

the patients (19). In this study there was a significant difference in the pulmonary remission 

rate between the Jo-1 and Jo-1 negative subsets; 29% compared to 6 % (p<0.05) (19). 

Regarding the myositis component of the syndrome, the work from Marie et al revealed 

improvement in > 80 % of the patients with a minimum follow up time of 18 months (19).  

1.9.3.2 Disease course 

In the earlier mentioned study from Marie et al, the disease course was in 2/3 of the patients 

chronical continuous, in 1/3 the course was relapsing-remitting. Only one patient had a 
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monocyclic course (85). Additionally, the different clinical features of the ASS seem to 

appear at different times during disease course, where the majority of the patients have 1-3 of 

the major features (myositis, ILD, arthritis) at diagnosis but develop new features over time (2, 

3, 16).  

 

1.10 Malignancy and ASS 

In myositis there is an increased frequency of malignancies compared to the general 

population, especially in DM (165-169). The most common types of malignancies in 

Caucasian IIM patients appears to be lung, ovarian, breast, gastrointestinal and non-Hodgkin 

lymphoma (166, 170). In Asian patients the tumor type is dominated by nasopharyngeal 

carcinoma and pulmonary cancer (170, 171). The myositis specific antibodies TIF1γ and 

NXP2 are associated with malignancy, and there are case reports on malignancy in MI2 

positive DM (172, 173). Factors associated with increased risk of malignancy in PM/DM are; 

Older age, male gender, dysphagia, cutaneous necrosis/vasculitis and elevated levels of ESR, 

CRP and CK (169, 174-177). The opposite is true for arthritis and Raynaud’s, which are 

associated with a reduced cancer risk (176-178).  

Maybe surprisingly, since patients with idiopathic pulmonary fibrosis (IPF) have increased 

risk of pulmonary cancer (179, 180), myositis associated ILD appears to be associated with a 

reduced risk of malignancy (176-178, 181, 182). Hence, the ASS syndrome which comprises 

ILD, arthritis and Raynaud “ought” to have a reduced cancer risk, but here the data is 

divergent and inconclusive; Studies report both increased, reduced and similar incidence of 

malignancy compared to the general population (2, 3, 18, 174, 183, 184). Interestingly, one 

study comparing anti-Jo1with anti-PL-7/PL-12 positive subsets found higher cancer incidence 

in the Jo-1 positive group (19). In the small anti-OJ- positive cohort of Hamaguchi et al 

cancer was frequent, with 2/8 patients diagnosed with malignancy (18).       
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2 Aims of the study 

 

2.1 General aim 

The overall aim of this cross-sectional study was to assess long term outcome regarding 

lung- and muscle function in our ASS cohort compared to the lung- and muscle function 

of healthy age and gender matched controls. 

 

2.2 Specific aims 

1) To retrospectively evaluate effects of Rituximab treatment on pulmonary outcome in 

ASS. 

2) To evaluate possible differences in pulmonary outcome in subsets of ASS, and assess 

possible correlations between pulmonary function test (PFT) and ILD changes on 

HRCT images. 

3) To describe and compare possible muscle-MRI changes in ASS patients and controls 

and evaluate possible specific muscle-MRI patterns for the entity ASS. 

4) To evaluate long-term muscle outcome in terms of CK levels, MRI changes and 

muscle strength in the ASS cohort. 

5) To compare different screening methods and perform a clinical algorithm for detecting 

ILD related PH in the ASS. 

 

 

  



38 
 

3 Material and methods 

 

3.1 Study design 

Basically, this study had a cross-sectional design where each ASS patient had different 

disease duration when the investigations were performed (Paper II and III). Additionally, the 

cross-sectional design was also comparative since each patient had a correspondent age and 

gender matched healthy control (Paper II and III).  

The study of Rtx therapy (Paper I) had a retrospective design, where ASS patients from the 

OUH cohort treated with Rtx on pulmonary indication were evaluated after given treatment. 

The comparison of different screening methods and performance of an algorithm for detecting 

PH did also apply a retrospective design. The PH study included the patients from the cross-

sectional study, and all the additional ASS patients from the total OUH cohort who had 

performed right heart catheterization (RHC) (Paper IV).     

 

3.2 Study population and organization of data collection 

3.2.1 The patient group 

For this study, we applied a very simple definition of ASS (Box 1). This definition was used 

as inclusion criterion in the OUH cohort. ; 

Box 1 Definition of ASS applied in the OUH cohort study 

 

 

 

The Department of Rheumatology at OUH is a tertiary referral center for CTD in Norway. 

Additionally, the Department has primary responsibility for CTD for the population of Oslo 

(N = 600 000). ASS patients diagnosed/assessed/treated/followed at OUH are asked to 

register in our patient registry called NOSVAR (NOrsk Systemisk bindevevssykdom og 

VAskulitt Register in Norwegian, or Norwegian Systemic Connective Tissue Diseases and 

Vasculitis Registry in English). Hence, in this register habitants from all over Norway are 

represented, but the majority comes from Oslo and its’ surroundings. Per 31
st 

of December 

2011, 96 patients meeting our definition of ASS had ever been registered in NOSVAR, and 

72 of these were alive.  

1) A positive serum test for one of the aaRS-antibodies 

2) ILD defined according to the ATS criteria (5) not 

readily explained by other CTD;s and/or 

3) Myositis according to Bohan & Peter criteria (6)   
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The 72 living ASS patients in NOSVAR were asked to participate in the study either by direct 

contact or regular mail. Two of the 72 patients unfortunately died before inclusion. 68/70 

patients were positive to participate, two declined participation. Patients were admitted to our 

daily-care unit for 2 following days.  

The study protocol included the following items;   

 Medical history, including current and former medical treatment, family- and 

occupational history, allergy, smoking and alcohol consumption. 

 Height and weight 

 Blood/serum samples; ESR, CRP, haematological parameters, creatinine, electrolytes, 

CK, LD, ASAT, ALAT, immunoglobulins, ANA with subgroups, MSA;s.    

 Clinical examination, including the myositis disease activity assessment tool 

(MDAAT) (185) and myositis damage index (MDI) (185). 

 Pulmonary function test (PFT) 

 HRCT of the lungs 

 Six minutes walking distance (6MWD) 

 Electrocardiography (ECG) 

 Echocardiography (Echo) 

 Magnetic Resonance Images (MRI) of the thigh muscles 

 Test of muscle strength and endurance by manual muscle test of 14 muscles (MMT14) 

and functional index 2 test (FI2) (186, 187). 

 Capillaroscopy 

 Self-reported health status with the HAQ and SF36 questionnaires (188, 189)  

 

3.2.2 The control group 

We aimed for a control group consisting of one control person individually matched to an 

ASS case regarding gender and age (i.e cases and matched controls in a 1:1 proportion). For 

practical reasons, we decided that the eligible control population should be limited to 

individuals with a registered home address in Oslo or the surrounding county Akershus by 1
st 

of January 2013 (total denominator population of approx. 1.1 million). With help from the 

Norwegian tax authorities using the National People Register of Norway we received a 

randomly collected list of 700 eligible controls, i.e. 10 controls for each ASS case. Out of 

these 10, one control was randomly chosen either by the principal investigator, the study 

nurse or the coordinator of NOSVAR. The controls were contacted by regular mail. If a 

positive response to participate, they were called up and asked specifically about medical 

history, physical status and current medications.  
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Controls were excluded if they; (A) were not able to walk > 1 km without any discomfort, (B) 

had a history of cardiovascular disease and (C) had malignant disease declared as in remission 

for ≤ 5 years. Primary prevention for cardiovascular disease and hormone replacement 

therapy were allowed.  

A first positive response rate of ca 60 % was received, but we were not able to find a 

correspondent healthy female control born in 1933. Hence, the control group consisted of 67 

participants. The controls performed the same examinations as the patients except for the 

HRCT of the lungs. The examinations, except for the muscle-MRI were done in one day. 

Time between the muscle-MRI and the other examinations was in the majority of the controls 

no more than four weeks. 

The study inclusion started in September 2011 and ended in June 2014. All controls and all 

patients but one was examined at the Department of Rheumatology at OUH. The last patient 

was examined in the local hospital due to the patient’s physical status. 

 

3.3 Specific examinations 

 

3.3.1 Pulmonary Function Test, PFT 

PFT included dynamic spirometry (forced vital capacity and gas diffusion capacity, using the 

Vmax V6200 automated systems (SensorMedics, VIASYS Respiratory Care inc, Yorba Linda, 

CA, USA) Recorded variables were in Paper 1 Forced Vital Capacity (FVC), Forced 

Expiratory Volume in one second (FEV1), and the transfer capacity of carbon monoxide 

(DLCO). In paper II the DLCO divided by alveolar volume (VA) (DLCO/VA), was added. 

Values were expressed in absolute figures and as percentage of predicted normal values. In 

paper IV the ratio between FVC/DLCO for each patient were calculated, as a method to detect 

possible PH. All tests were performed according to the guidelines of ATS-European 

Respiratory Society (ERS) (190, 191). Reference values for both patients and controls were 

those recommended by the ERS, except for the FVC/DLCO ratio used in paper IV (192). 

3.3.2 HRCT of the lungs 

Volumetric multi detector CT was performed in the supine position during breath-holding and 

deep inspiration with supplementary scans in the prone position when necessary. The images 

were reconstructed both at 1-1.25 mm section thickness with 10 mm intervals and at 2.5 mm 

section thickness reformatted in three planes. No intravenous contrast material was used.  
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In Paper I, the ILD extent % was retrospectively evaluated by volume of total lung 

parenchyma affected. This was also done in Paper II, including description of specific 

findings as reticular pattern, ground-glass opacities, airspace consolidations, parenchymal 

bands, subpleural curvilinear lines and traction bronchiectasis (193).  Reticular pattern was 

classified into three grades; 1) A fine intralobular pattern without evident cysts, 2) A pattern 

with predominant small cysts involving air spaces smaller
 
than or equal to 4 mm in diameter 

and 3) A pattern with larger cysts involving air spaces above 4 mm (194).  

The ILD changes were reviewed by two different methods; (A) Area measurements were 

done by drawing a freehand region of interest on the screen to score overall extent of ILD on 

ten CT sections evenly spaced throughout the lung, and relate this to the total lung volume. 

The results were expressed as percent ILD of total lung volume (195). (B) Total ILD score 

was determined by assessing abnormalities consistent with ILD in eight zones, four for each 

lung. The extent of involvement was evaluated independently for each zone, and each zone 

was assigned a score (0-10) based on the percentage of lung parenchyma that showed 

evidence of ILD. Total ILD scores were calculated by adding up scores from the eight lung 

zones for each patient; giving a maximum score of 80 (195).  

The measurement of the Pulmonary artery diameter (PAd), a method we used in Paper IV to 

assess suspect PH was retrospectively measured in lung CT images at the plane of its 

bifurcation, at a right angle to its long axis just lateral to the ascending aorta. 

3.3.3 The six minutes walking distance, 6MWD 

The 6MWD was performed on a flat walking-lane of 35 m and according to ATS guidelines 

(196), used in Paper II for comparison between ASS patients and controls including  

assessment of possible correlations with pulmonary function. 

3.3.4 Muscle MRI of the thighs 

The muscle MRI of the thighs was evaluated in patients and controls in Paper III. The MRI 

was performed using a 1.5 Tesla MR scanner (Avanto Syngo B19) with coronal and axial T1-

weighted spin echo and short T1 inversion recovery (STIR) sequences of the thigh muscles. 

The muscles were evaluated by two experienced muscle radiologists in the anterior, posterior 

and medial compartment without information on the participant’s status. The evaluation 

included extent and intensity of muscle edema (grading scale 0-3), presence of fascial edema, 

presence of muscle volume reduction and grade of fatty replacement (grading scale 0-5) (197). 

For extent of edema grade 0 was defined as no edema, grade 1 as < 33.3 % (minor extent), 
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grade 2 as > 33.3 % < 66.6 % (moderate extent) and grade 3 as > 66.6 % (major extent). The 

signal intensity of the edema was graded as 0= no signal, 1 = low, 2 = moderate and 3 = high 

signal intensity. Fatty replacement was scored according to the grading system suggested by 

Gouttalier (198); 0 = no fat, 1 = fatty streaks, 2 = muscle greater to fat, 3 = muscle equal to fat, 

4 = muscle less to fat and 5 = muscle totally replaced by fat. A Gouttalier score ≥ 2 was 

considered pathological.  

Fascial edema was defined as abnormal thick deep fascial layer with increased STIR signal. 

Muscle volume reduction was only noted when there were obvious findings; Asymmetry 

and/or disproportionate muscle compartments. Two arbitrary scores were derived from this 

assessment; (A) a total edema score with a maximum score of 42 consisting of three 

components; edema extent (18), edema intensity (18) and presence of fascial edema (6); and 

(B) a total damage score (maximum score 36) including fatty replacement (30) and presence 

of muscle volume reduction (6). Adding A and B gave a total MRI score of 42+36 = 78.  

3.3.5 Test of muscle strength and endurance 

Muscle strength were evaluated pre and post Rtx treatment by manual muscle test ad modum 

Kendall on eight muscles (MMT8) in Paper I (187). Each muscle/muscle group tested in 

MMT is graded with muscle strength 0-10 and was performed on the patients’ dominant side. 

In Paper II 14 muscles were tested (MMT14) for the possible association between muscle 

strength and FVC %. MMT14 was also assessed in Paper III, for comparison with healthy 

controls and possible correlations between CK-levels and muscle-MRI findings. In this paper 

we made a revised MMT (MMT4) with four muscle groups (hip flexion/abduction, knee 

flexion/extension) for direct comparison with the muscle MRI of the thighs.  

Test of muscle endurance was made by Functional Index 2 test (FI2) which consisted of 

repetitive exercises for head-shoulder-hip-knee-and calf muscles (186). The FI2 was assessed 

in Paper III, for the same reasons as mentioned above. It was slightly revised with maximum 

30 head-lifts instead of 60. Table 6 demonstrates the14 muscles/muscle groups tested in 

MMT14, including the different endurance exercises in the FI2 test used in this study. Table 7 

shows the definition of the muscle strength grading in the MMT. 
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Table 6; The manual muscle test and Functional Index test 2 used in this study 

Manual muscle test, MMT (187) Functional index test 2, FI2 (186) 

 

Neck flexion / extension (0-10 / 0-10) 

Shoulder abduction (0-10) 

Shoulder elevation (0-10) 

Elbow flexion (0-10) 

Wrist flexion / extension (0-10 / 0-10) 

Hip flexion / extension (0-10 / 0-10) 

Hip abduction (0-10) 

Knee flexion / extension (0-10 / 0-10) 

Ankle flexion / extension (0-10 / 0-10) 

 

Max points; 140 

 

Head-lift from lying position, 0-30 rep  

Shoulder flexion, 0-60 rep 

Hip flexion, 0-60 rep 

Step test, 0-60 rep 

Heel raises, 0-120 rep 

 

 

 

 

 

Max points; 330 

rep = repetitions 

 

Table 7 The grading of muscle strength in the MMT, according to Kendall (187) 
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3.3.6 Echocardiography (echo) 

Echo was assessed in paper IV to estimate the pulmonary arterial pressure (estPAP), the 

method most commonly used in the clinic for PH screening (199). We utilized a Vivid E9 

ultrasound scanner (GE - Vingmed Ultrasound, Horten, Norway) to perform two dimensional 

and doppler echo. A minimum of three cardiac cycles were recorded, analysed and averaged. 

Transtricuspidal antegrade and retrograde flow velocity were obtained. Peak right ventricular 

pressure was assumed to be the sum of transmitral gradient during systole, and right atrial 

pressure estimated by vena cava inferior diameter (> or < 2 cm) and variation in diameter 

during respiration (55-35% reduction in vena cava diameter during inspiration). Analyses 

were performed blinded to clinical information.  

 

3.4 Statistics 

Statistical Package of Social science (SPSS) was used for statistical analyses; In Paper I 

version 21.0 was used, in Paper II-IV we used version 22.0. In all four papers statistical 

significance was defined as p<0.05. 

3.4.1 Descriptive data 

Descriptive data are presented as mean with standard deviations (SD) in normal distributed 

variables (Paper II-IV). Skewed distributed variables are in Paper I-IV presented as median 

with range, in Paper III also with 25
th

, 75
th 

percentile. Dichotomous variables are presented in 

total number and percentage. 

3.4.2 Test for comparisons 

In Paper I PFT, ILD extent, MMT, CK and anti-Jo1 levels before and after Rtx treatment 

were compared by Wilcoxon signed-rank test. The comparisons between the ASS patients and 

the controls in Paper II and III were in normally distributed continuous variables evaluated by 

Student’s t-test using paired samples t-test, in skewed distributed variables with Wilcoxon 

signed-rank test/ Mann-Whitney U-test. For subgroup analyses in the same papers, including 

the group analyses in Paper IV, the Mann-Whitney U-test was used. The Chi-square test 

evaluated dichotomous variables and was used in paper II-IV. 
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3.4.3 Correlations 

The possible clinical correlations regarding the different pulmonary and muscular outcomes 

in patients and controls were tested by Pearson correlation in Paper II and III. In Paper III 

possible correlations between different MRI scores and subsets of ASS groups were tested by 

Spearman rank correlation.    

3.4.4 Multivariable analysis 

In paper II multivariable analysis were assessed by linear regression analysis with FVC%, 

DLCO% and extent of ILD % as dependent variables and disease duration, ASS subgroup, 

SS-A positivity and acute onset of ILD as independent variables. In paper III the dependent 

variables were total edema score and total damage score with age, gender, disease duration, 

SS-A positivity, anti-Jo1 positivity, CK level at diagnosis and ongoing treatment as 

independent variables.  

 

3.5 Ethical aspects 

All participants of this study (N=135) were informed of the study’s purposes before inclusion 

and provided a written consent. The study was approved by the regional committee of health 

and medical research ethics of Southeast Norway in May 2011 (2011/895). 
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4 Summary of results 

 

4.1 Paper I 

Long-term experience with rituximab in anti-synthetase syndrome-related interstitial 

lung disease 

The primary objectives for this study were to retrospectively evaluate the efficacy and safety 

of Rtx treatment in ASS patients with severe ILD. Secondary objectives were to evaluate 

muscle strength, CK levels and anti-Jo1 titers before and after Rtx.                                               

In total 34 ASS patients had been treated with Rtx, 24/34 with indication severe ILD and with  

a follow-up post Rtx treatment of >12 months (median 52 months). In these 24 patients, 

median % of predicted FVC, FEV1 and DLCO increased 24 %, 22% and 17 % post-Rtx, 

respectively. Seven patients (all with disease duration <12 months and/or acute 

onset/exacerbation of ILD) had >30% improvement in all three PFTs. HRCT analyses 

demonstrated a median 34% reduction in ILD extent post-Rtx treatment.  

MMT8 increased from 93% to 98% of maximum score after treatment with Rtx (p<0.05). 

Median CK value was before Rtx 990 U/l and after Rtx 88 U/l (p<0.002). 9/17 patients had 

available anti-Jo1 titers pre and post treatment; All nine had a reduction in the titers with a 

median decrease of 33 % (p<0.008). 

In total 7/34 ASS patients (21%) died during follow-up. 6/7 deaths were possible related to 

infections, all but one occurring > 6 months after Rtx-treatment. Non-fatal SAE;s were 

reported in seven patients, six of these were infections. 4/34 patients had verified infection 

with P. Jirovechii. Mortality-rate in the Rtx-treated group was comparable to the remaining 

ASS cohort (25/78 deceased; 32%). 
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4.2 Paper II 

Pulmonary involvement in the Antisynthetase syndrome; A comparative cross-sectional 

study  

In this study, the aims were to 1) Compare pulmonary function tests (PFTs) and six minute 

walking distance (6MWD) between 68 ASS patients with median 71 months disease duration 

and healthy, sex-, and age matched controls. 2) Evaluate extent of ILD by lung HRCT in the 

ASS cohort, and assess correlations between PFT measurements, 6MWD and ILD extent. 3) 

Evaluate any possible differences in pulmonary outcome between the Jo-1 and non Jo-1 

subsets.  

The measurements of FVC, FEV1 and DLCO were mean 28%, 27% and 53 % lower in the 

ASS patients compared to the controls (p<0.001). A significant difference in 6MWD was 

demonstrated, with controls walking mean 116 m further compared to the patients (p<0.001). 

In the patients, 6MWD correlated significantly with FVC (p<0.01) and DLCO (p<0.01). The 

ILD extent was median 20 % of total lung volume and median total ILD score (maximum 

score 80) was 16 in the ASS cohort. The ILD extent was negatively correlated to FVC% (r-

0.348, p<0.01) and DLCO% (r-0.539, p<0.01). No significant differences in FVC, FEV1, 

DLCO, DLCO/VA, ILD extent % or total ILD score were demonstrated between the Jo1 

positive and negative subsets. In the patients there was a slight increase in FVC%, FEV1% 

and DLCO% from baseline to follow-up, however not significant.  

Figure 7 Pulmonary Function in ASS patients and healthy controls, % of expected values 
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4.3 Paper III 

Comparative analyses of muscle MRI and muscular function in Anti-Synthetase 

Syndrome patients and matched controls; A cross-sectional study 

Magnetic Resonance Imaging (MRI) of thigh muscles is increasingly used to assess disease 

activity and damage extent in chronic myositis, but the validity of the findings is not clear. 

Additionally, little is known about possible muscle MRI changes in healthy population. Here, 

the primary aim was to describe and compare thigh MRI findings in patients with chronic 

ASS-associated myositis and matched healthy controls. Secondary aims were to 1) evaluate 

muscle outcome and potential muscle-MRI patterns in ASS including different subsets of 

ASS, 2) assess possible correlations between muscle-MRI changes, CK levels and muscle 

strength in both patients and controls.  

The total MRI score evaluating muscle edema, fascial edema, fatty replacement and muscle 

volume reduction (max 78p) was higher in the ASS patients than in controls, 14.1 p and 3.0 p, 

respectively (p<0.001). Muscle edema was more frequent in ASS than controls (38% vs 10%) 

as was fatty replacement (42% vs 4%). In the compartment analyses of the ASS group muscle 

edema was most pronounced anteriorly, while fatty replacement dominated posteriorly. CK 

levels correlated with total edema score (max 42p) in the patients but not in controls. 

However, 23% of the patients with normal CK had a total edema score of >18 p.  

The ASS group had significantly lower muscle strength scores assessed by MMT14- 

(p<0.001), MMT4- (p<0.004), and FI2 (p<0.001) tests than the matched controls. In patients, 

significant correlations were seen between total damage score, MMT14 (r-.340, p<0.01), 

MMT4 (r-.344, p<0.01) and the FI2 test (r-.484, p<0.01). None of the three muscle strength 

tests correlated with the total edema score. 

 

Figure 8; Muscle MRI changes 
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4.4 Paper IV 

Detecting pulmonary hypertension in the Anti-synthetase Syndrome; Performance of a 

simple clinical algorithm 

The aim of this study was to test an algorithm for detection of pulmonary hypertension (PH)  

in ASS, useful in daily clinical practice by evaluating four different methods commonly used 

in PH screening; (1) the diameter of the Pulmonary Artery (PAd) in lung HRCT (cut off value 

30 mm), (2) the estimated pulmonary artery pressure (estPAP), cut off value 45mmHG, by 

echocardiography, (3) gas diffusion capacity (DLCO) with cut off value 50 % and (4) ratio of 

forced vital capacity (FVC) to DLCO, with cut off value of 1.6, by pulmonary function test.  

All algorithm parameters, except FVC/DLCO ratio, differed significantly between the patients 

with confirmed PH (n=11) and the remaining cohort (n=63) (Table 1). All patients with 

confirmed PH had positive cut-off values for the PAd (sensitivity 100%) while the method 

estPAP had a specificity of 95%. Combining the measurements of PAd, estPAP and DLCO 

predicted PH in 86% of cases. None of the patients with negative values of PAd and estPAP 

(n=43) had confirmed PH (negative predictive value of 100%).  

 

 

 
* Measurements of the Pulmonary Artery diameter (PAd) were available in 73 out of total 74 patients. 

** DLCO measurements in patients with negative cut offs values for PAd and estPAP were available 

in 40 out of total 43 patients.   

 

Diameter 
Pulmonary 

Artery 

≥ 30 mm 

YES 

N=30 

(PH=10) 

Est PAP < 
45mmHg 

N=19  

(PH=2) 

DLCO ≥ 50% 

N=12 

(PH=0) 

DLCO ≤ 50% 

N=7 

(PH=2) 

Est PAP > 
45mmHg 

N=11 

(PH=8) 

DLCO ≥ 50% 

N=4 

(PH=2) 

DLCO ≤ 50% 

N=7 

(PH=6) 

NO 

N=43 

(PH=0) 

Est PAP < 
45mmHg 

N=43 

(PH=0) 

DLCO≥ 50% 

N=32 

(PH=0) 

DLCO ≤ 50% 

N=8 

(PH=0) 

Figure 9 

Algorithm for PH screening in the ASS 

* 

** 
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5 Discussion 

In this study we wanted to evaluate the total impact ASS has on patients with established 

disease. A similar approach has been used in previous retrospective multi-center studies as 

well (2, 17-19). However, this study is, to our knowledge, the first to apply a cross-sectional, 

comparative design. When performing this type of clinical study several aspects have to be 

considered;    

  

5.1   Methodological aspects 

5.1.1 Definition of ASS 

How to define/classify ASS? Two proposed classification criteria of ASS exist (41, 87), but 

they are not universally accepted, nor widely used. In this study, we selected for a pragmatic 

ASS definition in which a patient was defined as having ASS if he or she had a positive test of 

one of the eight known aaRS-antibodies, ILD and/or myositis (Box 1). We believe that 

application of the proposed criteria by Connors et al, with the required positive aaRS-antibody 

but only one additionally clinical item would have resulted in a more heterogeneous study 

cohort. The criteria proposed by Solomon et al are more stringent; They do not just require  

one or two major clinical items, but also at least one minor clinical item. Since several authors 

describe development of new clinical features during the clinical course of ASS (2, 3, 16) we 

believe there would have been a possibility of missing cases using the Solomon classification 

criteria for this study. 

Additionally, one could discuss if ASS is a distinct clinical entity. We know that especially 

anti-Jo1 positivity is occasionally seen in patients with diagnosed seropositive rheumatoid 

arthritis (RA), systemic sclerosis (SSc) and primary Sjögrens syndrome (pSS). Each one of 

these diseases can have common features with ASS, for example arthritis, sclerodactily and 

ILD (15, 66, 200). Since no widely accepted ASS criteria exist and the fact that ASS in itself 

is heterogenous (11, 18), these patients could be defined as “overlap” or perhaps 

undifferentiated connective tissue disease (UCTD). If ILD is a major feature in these patients, 

Fischer et al have suggested classification criteria for ”interstitial pneumonia of autoimmune 

features” (IPAF) (201). Several clinical features of ASS are included in these criteria (201). 

However, the recent years “discoveries” in the genetics, immunology and pathology of the 

ASS (25, 27, 88), make us believe that ASS should be defined as a distinct clinical entity.    



52 
 

5.1.2 Study design 

Since ASS is an uncommon disease it is difficult to include a relevant number of patients in a 

limited period of time. This is the main reason why we chose a cross-sectional design, and not 

a prospective, for this study (Paper II and III). Our ASS-cohort includes patients with disease 

from the early 1980:s, hence, the median disease duration is several years, suitable when 

analyzing long-term outcomes. The limitation with this design is of course that evaluation of 

repetitive clinical measurements and possible predictive factors not can be assessed.  

To emphasize the disease impact on clinical outcomes and daily life we chose to compare 

each patient with a healthy control. A larger control group would have strengthened the study 

further, but was restricted due to economic aspects. By including healthy participants the 

discussion about “what is healthy?” came up; Should a person on blood pressure treatment 

and stable blood pressure be included? A person who had been treated for malignancy? In this 

study we have tried to be rather stringent to the definition of “healthy” (see page 23) and we 

believe that this resulted in a rather homogenous control group. Two controls were excluded 

from the study due to psychiatric condition and post burn-injuries. Three controls were after 

the examination referred to further investigations due to positive findings at the 

echocardiography (N=2) and the MRI examination (N=1).  

Paper I and IV have a retrospective design. The preferred study design for these two papers 

would have been a prospective design; A randomized controlled trial (RCT) evaluating Rtx 

treatment in Paper I and a prospective study with all screening methods for PH, right heart 

catheterization (RHC) included, in Paper IV. To do this in the ASS, within a respectable 

period of time, you would most probably have to do a multi-center study to reach an 

acceptable number of participants. Well aware of this limitation, we still believe that the 

results analyzed in these two papers are reliable and clinically useful in the assessment of 

ASS.  

5.1.3 The study population 

The majority of the ASS patients come from Oslo and the south-east region of Norway. All 

participants in the control group come from Oslo and its’ surroundings. It would have been an 

advantage with geographically matched controls as well, but was in this study restricted due 

to practical reasons. All controls were also examined after the patients; The controls were in 

mean 14 months older than the patients when the examinations were made. This means that 
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there is a possibility for underestimated differences between patients and controls both in 

pulmonary and muscular outcome. 

5.1.4 Methods evaluating HRCT images 

There exist several methods to evaluate ILD extent and type of lung parenchymal 

abnormalities in HRCT images (34, 202-205). We used two methods for evaluation of ILD 

extent, developed from our Department of Radiology; 1) Drawn freehand regions of interest 

in 10 thin sections related to the total volume of lung parenchyma (Paper I and II). 2) Division 

of the lungs into eight zones, each zone graded (0-10) in terms of ILD extent, with maximum 

extent score of 80 (Paper II). We believe that these methods give good accuracy on both total 

and regional ILD extent compared to other used methods for this purpose (204, 205). In Paper 

II we also described the frequency, but not the specific CT-pattern, of the different CT-

abnormalities according to Fleischner Society (193). It would have been of interest to evaluate 

specific CT patterns in HRCT images from baseline to follow-up, but due to limited baseline 

HRCT data at time of the study period this was not done.  

5.1.5 Methods used in muscle-MRI score 

In Paper III we used a muscle-MRI scoring system with both dichotomous and continuous 

scales. The continuous scales of muscle edema and fatty replacement allowed us to assess 

these MRI changes more subtle and precise, an advantage not only in evaluating myositis 

activity and chronical changes but also in the direct comparison between patients and 

controls. With our MRI score we were also able to grade both the edema extent and edema 

signal intensity. Other studies on MRI in myositis have evaluated presence and grade of 

edema extent, but not, as far as we know, the signal intensity of the edema (206-208). We 

believe that the signal intensity analyses provide additional information on myositis activity, 

but this needs to be confirmed in longitudinal studies.   

Muscle volume reduction/muscle atrophy is more difficult to assess since no gold standard of 

normal muscle volume exists. Evaluating minor muscle volume reduction in myositis could 

be challenging since the atrophy often is symmetric and the comparison with the contralateral 

muscle would not be reliable (208). We therefore used a dichotomous scale (present/not 

present) to assess muscle volume reduction with stringent criteria of “present”. With this 

method it is possible that the presence of muscle volume reduction could be underestimated, 

as also discussed in Paper III.   



54 
 

5.1.6 Statistical aspects                            

As seen in Table 1 in Paper III the distribution of the results of the MMT14 and MMT4 test 

for both patients and controls are (almost) interchangeable , although there is a highly 

significant difference in both test between the groups. Neither in the patients nor controls are 

the results of MMT14 and MMT4 normally distributed, exemplified with the MMT14 results 

below; 

Figure 10 

Frequency of the MMT14 test in patients and controls 

  

It is possible to transforme the data (by reflect and logarithm) to equalize the skewness and 

thereafter analyze the results. However, for this study we chose to present the original data as 

median with the 25
th 

, 75
th

 percentile to discriminate the results better. The comparative 

analyses of MMT14 and MMT4 were made with the non-parametric Wilcoxon signed-rank 

test. 

 

5.2 Discussion of the results 

5.2.1 Pulmonary outcome in the ASS 

Not surprisingly, the pulmonary outcome measured by PFT was significantly worse in the 

patients compared to the controls. No other study has compared ASS patients with healthy 

controls and very few studies have reported quantitative follow-up PFT measurements in the 

ASS. Interestingly, Trallera-Araguas et al demonstrated in their anti-Jo1 positive cohort with 
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median disease duration of 78 months a mean FVC% of 72%, comparable to our findings 

with a mean FVC of 83 % (3). 21/68 patients had at study inclusion been treated with Rtx. 

Analyses of the DLCO% and FVC% in Rtx treated compared to Rtx naïve patients revealed 

no significant difference, but a trend towards lower DLCO% and FVC% in the Rtx treatment 

group was found (median DLCO; 81% and 89%, median FVC; 53% and 67%, respectively). 

However, the ILD extent differed significantly between Rtx treated and Rtx naïve patients; 

mean 31% and 20%, respectively (p<0.036). The difference could be explained by a more 

severe pulmonary involvement in the Rtx treated patients.    

In Paper I, the retrospective analyses of Rtx treatment in ASS patients with severe lung 

disease (N=24) demonstrated an overall significant increase in PFT and decrease in ILD 

extent with this treatment. The results are consistent with other retrospective studies 

evaluating the pulmonary component in Rtx-treated ASS patients (143, 144). Notably, 

subgroup analyses from our study demonstrated best response with Rtx in patients with 

disease duration < 12 months and/or acute onset/exacerbtion of ILD. A limitation of our study, 

as in the study from Bauhammer et al (143), is that in the majority of patients other immuno 

suppressives were given in close connection with Rtx. However, there are prospective studies 

with demonstrated efficacy of Rtx monotherapy in ASS related ILD; In a Phase II study, 

Allenbach et al demonstrated improvement and stabilisation of the pulmonary function in the 

majority of the patients (130). Post-hoc analyses from the RIM study (128) revealed anti-Jo1 

antibody as a predictor of shorter time to response compared to patients with negative MSA;s 

(129). Additionally, the same study demonstrated a trend towards shorter time to response in 

patients with interstitial lung disease (129).Taken together, anti-CD 20 therapy could be a 

treatment choice in ASS related ILD. 

The assessment of ILD extent has been suggested as one of two core domains in clinical trials 

with CTD-related ILD. The other domain is FVC% (209). In our study (Paper II) FVC% 

correlated with the ILD extent% but we also found a slightly higher correlation between 

DLCO% and the ILD extent%. Reasons for this could be that our study cohort were rather 

homogenous in terms of few smokers (9/68) and only 5/68 had signs of emphysema, two 

known causes with the possibility to reduce DLCO%. 

In the ASS cohort we compared baseline FVC%, FEV1% and DLCO% measurements with 

those at follow-up; A trend of improvement was found in all three measurements. These 

findings are consistent with other outcome studies in ASS, demonstrating 
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stabilization/improvement in the majority of the patients (3, 19, 45). In contrast to other 

studies (2, 18) where pulmonary outcome is worse in anti-Jo1 negative subsets, no significant 

differences in PFT or ILD extent were found between anti-Jo1 positive/negative subsets. The 

fact that the Jo-1 negative group had significant less disease duration compared to the anti-Jo1 

positive group could have contributed to these results.  

In paper II, we did not specifically evaluate treatment history of the ASS patients, neither did 

we assess specific CT patterns in the HRCT images; Limitations of this study, since both 

possibly affect the pulmonary outcome in ASS. As earlier described, the CT pattern most 

commonly found in the ASS is NSIP with predominantly basal distribution (31-36). 

Interestingly, we found that the ILD changes in > 80 % of the ASS patients were distributed in 

a specific wedge-shaped pattern, as far as we know not previously described. What this may 

represent is for us at present time unknown, but would be very interesting to investigate 

further.      

5.2.2. Muscle outcome in the ASS and controls 

Significant differences in the muscle MRI, muscle strength and endurance were demonstrated 

between patients and controls. Of the three muscle tests performed (MMT4, MMT14 and 

FI2), it was in the latter the difference between patients and controls was most obvious. 

Interestingly, as far as we know, there are no studys in healthy population on possible MRI 

changes evaluating what is normal/unnormal. We know that muscle edema increases after 

physical activity; How much edema do you “need to have” to define it as pathological? Could 

muscle MRI changes appear/disappear with age as a “natural” course? Our study revealed that 

all muscle MRI changes assessed (muscle edema, fascial edema, fatty replacement and 

muscle volume reduction) also were found in the healthy controls. However, only six controls 

had concurrent MRI-changes, but none had all four variables concomitantly. Importantly, the 

MRI changes of the controls were also considerably less pronounced compared to the ASS 

patients.  

The frequency of “fatty streaks” (Goutallier score =1) was, maybe surprisingly, higher in 

controls than in the patients (40% and 33%, respectively). A Gouttalier score =1 is defined as 

normal; Nevertheless, the fatty replacement score correlated with age both in patients and 

controls. This indicates that “fatty streaks” could be a natural finding in “aging muscle”. 
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CK levels correlated with total edema score, this tested with both continous and dichotomous 

CK-scales. This was also demonstrated by Barsotti et al (206) but Pipitone reported a 

discrepancy between the presence of edema and CK levels in PM/DM patients (208). To some 

extent the divergent results could be due to unadjusted CK values, i.e. adjusted for gender, age 

and muscle mass. Another possible cause is different cut-off values for pathological CK. 

Although we found a correlation between CK levels and total edema score in our study, there 

was 23% of the ASS patients with normal CK values who had a total edema score of >18 

(max points 42). Furthermore, the 13 patients with no myositis diagnosis at study inclusion 

had all normal CK values but significantly higher MRI scores than the healthy controls. This 

indicates that muscle MRI could be a useful clinical tool in managing ASS-related myositis. 

In the ASS patients, the MMT and FI2 tests did not correlate with total edema score or CK-

levels, but with total damage score. As many as 61% of the patients had a fatty replacement 

score of ≥ 6 (max points 30) and 26% had concomitant signs of muscle damage and activity 

changes. Hence, muscle MRI can give us complementary information when for example 

evaluating treatment strategies in the ASS. 

Any specific pattern for the different muscle changes in ASS were not found; edema was most 

frequent anteriorly, fatty replacement posteriorly, as also seen in muscle MRI evaluation of 

PM, especially immun mediated necrotizing myopathy (IMNM) (207, 210). A limitation of 

our study is, since we don’t have any baseline muscle MRI data, that we do not know if 

muscle edema preludes fatty replacement in the posterior compartment; To note, the controls 

with fatty replacement (Gouttalier score >2, N=3) all had their changes in this compartment.  

5.2.3 PH screening methods in ASS 

The PH frequency of our ASS study cohort was 15 % (11/74). In the total ASS cohort (N=96) 

the frequency of PH is 11.5 %. The results are consistent with other reported frequencies (7-

15%) in the ASS (3, 15, 80). Here, again, the freqeuncy can vary because of small cohorts and 

different classification of ASS.  

Echocardiography is the preferred recommended non-invasive method for PH screening 

(199). In this study we used evaluation of estPAP as commonly used in other CTD-related PH 

screening studies (211-213). However, if we only had used this method we would have 

missed 2/11 patients with PH, although we used a rather strict cut-off value for estPAP 

(45mmHg). The finding in our study of a 100% sensitivity for PH by increased diameter of 
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the Pulmonary Artery (PAd) made us try out this clinical algorithm; All patients with a 

negative PAd test (N=43) also had a negative test of estPAP. None of these patients were 

diagnosed with PH, i.e  a negative predictive value (NPV) of 100 %. Interestingly, in patients 

who had performed RHC, we found that the increase in PAd over time, measured from 

baseline to time of RHC, were significantly higher in patients with PH compared to patients 

without PH. Hence; PAd change over time could be a complementary tool in PH screening in 

the ASS.    

The PAd has earlier been assessed as a single screening method for ILD related PH with a 

sensitivity of 87% and specificity of 89 % (214). However, with a specificity of 68 % as was 

demonstrated in our study, the utility of PAd as a single PH screening method in ASS is 

probably limited.  

 PAd is included in the PH screening algorithm of Australian Scleroderma Interest Group 

(ASIG) (213), but not in the “Detection of pulmonary arterial hypertension in Systemic 

sclerosis” (DETECT) algorithm (215). Both these algorithms include assessment of other 

clinical variables, but not PAd, before referring to echo, for example NT-proBNP; A possible 

limitation of our study since NT-proBNP wasn’t assessed. Another limitation of our study is 

the possibility of missing PH cases since not every patient in the study performed RHC. 

Prospective studies including RHC are therefore highly warranted. 
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6 Conclusions 
 

6.1 Conclusions of the study  

 ASS has a major impact on pulmonary and muscular outcome in long standing 

disease. Highly significant differences in lung and muscle function between ASS 

patients and age and gender matched healthy controls were demonstrated, with worse 

outcome in the patients (Paper II and III). 

 No difference in the pulmonary outcome between Jo-1 and non Jo-1 subsets were 

revealed, but the disease duration differed significantly between the groups and likely 

interfered with the results (Paper II). 

 In the ASS patients, the ILD extent correlated significantly with FVC% and DLCO%. 

A specific wedge shaped distribution of the CT patterns on HRCT was seen in >80 % 

of the patients with so far unknown significance (Paper II).  

 Anti-CD 20 therapy is a treatment option in ASS-related ILD, especially in patients 

with disease duration less than one year and/or acute onset/exacerbation of ILD. Both 

the PFT and ILD extent improved after anti-CD 20 therapy (Paper I). 

 With median disease duration of six years, 65% of the patients had muscle MRI 

abnormalities compatible of muscle damage and/or muscle activity, 26 % of the 

patients with concomitant changes of damage and activity (Paper III). 

 Significant differences in muscle MRI abnormalities were found between Jo1 positive 

and negative subsets with higher MRI scores in the Jo1 positive group (Paper III). 

 Muscle-MRI is a possible complementary tool in the assessment of ASS; CK levels 

correlated with total MRI score, but 23 % of the patients with normal CK values had 

signs of active muscle disease on MRI. Patients with no previous diagnosed myositis 

had significantly higher total MRI score compared to healthy controls. Muscle 

strength did not correlate with muscle activity in MRI, but with muscle damage (Paper 

III). 

 Evaluation of the PAd on HRCT images could be a useful complementary screening 

method of PH in the ASS; While 2/11 patients with confirmed PH had negative cut-off 

value for estPAP but positive cut-off value for PAd, all patients with negative cut-off 

values for PAd had negative cut-off values for estPAP and no one was diagnosed with 

PH (N=43) (Paper IV).    
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6.2 Clinical implications 

Although not a RCT, our study indicated beneficial effects of anti-CD20 therapy in ASS 

associated ILD. Response in muscular outcome was also seen. Anti-CD20 therapy seems to 

be a reasonable choice as induction and maintenance therapy in ASS patients with acute ILD. 

It could be a treatment option to the, at present time, more commonly used Cyc in these cases. 

However, prospective studies are definitely needed to evaluate possible 

advantages/disadvantages with these two treatments. 

ASS has a major impact on lung and muscular function. By demonstrating this we want to 

emphasize the need for regularly assessment and development of effective treatment strategies 

in ASS. Muscle MRI has been shown to be a clinical complementary tool in the assessment of 

ASS. Not only is it useful in differentiating muscle activity from muscle damage, and thereby 

evaluate possible treatments; It could also be helpful to evaluate the grade of activity since 

CK levels and test of muscle strength not always correspond to the MRI findings.  

Another clinical implication of this study is the use of the PAd as a complementary tool in 

ASS related PH screening, especially in combination of the estPAP; A negative cut-off value 

for both PAd and estPAP gives a very low risk of PH. Additionally, it seems that the PAd 

increase measured over time is associated with PH. 

 

6.3.Future perspectives 

As seen in the chapter of methods we have performed several other examinations besides 

those reported in the current study; 

We plan to; 

1) Assess possible cardiac abnormalities seen at echocardiography in ASS patients and 

compare them to controls. 

2) Evaluate the capillaroscopy examinations and look for possible correlations with other 

clinical manifestations in the ASS patients. 

3) Evaluate the outcome of the self-reported questionnaires of HAQ and SF-36 and 

correlate those with other clinical manifestations in the ASS patients. 

4) More thoroughly investigate the findings of the wedge-shaped distribution of HRCT 

changes seen in > 80 % of the patients and compare them with available lung biopsies. 
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In a larger perspective we want to perform longitudinal evaluations of the HRCT, MRI and 

echo examinations from baseline to follow-up. These data are now available for analyses in 

most of the patients, and we believe that they could give us essential information on disease 

progression, also in relation to treatment and other possible predictive factors. 

We are in contact with other (Scandinavian) myositis centers to conduct a RCT on newly 

diagnosed myositis patients with associated ILD, including the ASS. In this trial we want to 

evaluate efficacy and safety of anti-CD20 therapy and Cyc.   

Finally, we would like to build a prospective cohort study where we have the possibility to 

include all ASS patients who are and will be diagnosed in Norway. This demands good and 

reliable interdisciplinary teamwork, which we believe is possible to achieve in our country.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



62 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



63 
 

7 References 

      

1. Marguerie C, Bunn CC, Beynon HL, Bernstein RM, Hughes JM, So AK, et al. Polymyositis, 
pulmonary fibrosis and autoantibodies to aminoacyl-tRNA synthetase enzymes. Q J Med. 
1990;77(282):1019-38. 

2. Hervier B, Devilliers H, Stanciu R, Meyer A, Uzunhan Y, Masseau A, et al. Hierarchical cluster 
and survival analyses of antisynthetase syndrome: phenotype and outcome are correlated 
with anti-tRNA synthetase antibody specificity. Autoimmun Rev. 2012;12(2):210-7. 

3. Trallero-Araguas E, Grau-Junyent JM, Labirua-Iturburu A, Garcia-Hernandez FJ, Monteagudo-
Jimenez M, Fraile-Rodriguez G, et al. Clinical manifestations and long-term outcome of anti-
Jo1 antisynthetase patients in a large cohort of Spanish patients from the GEAS-IIM group. 
Semin Arthritis Rheum. 2016;46(2):225-31. 

4. Zamora AC, Hoskote SS, Abascal-Bolado B, White D, Cox CW, Ryu JH, et al. Clinical features 
and outcomes of interstitial lung disease in anti-Jo-1 positive antisynthetase syndrome. 
Respir Med. 2016;118:39-45. 

5. American Thoracic Society. Idiopathic pulmonary fibrosis: diagnosis and treatment. 
International consensus statement. American Thoracic Society (ATS), and the European 
Respiratory Society (ERS). Am J Respir Crit Care Med. 2000;161(2 Pt 1):646-64. 

6. Bohan A, Peter JB. Polymyositis and dermatomyositis (second of two parts). N Engl J Med. 
1975;292(8):403-7. 

7. Wasicek CA, Reichlin M, Montes M, Raghu G. Polymyositis and interstitial lung disease in a 
patient with anti-Jo1 prototype. Am J Med. 1984;76(3):538-44. 

8. Nishikai M, Reichlin M. Heterogeneity of precipitating antibodies in polymyositis and 
dermatomyositis. Characterization of the Jo-1 antibody system. Arthritis Rheum. 
1980;23(8):881-8. 

9. Mathews MB, Bernstein RM. Myositis autoantibody inhibits histidyl-tRNA synthetase: a 
model for autoimmunity. Nature. 1983;304(5922):177-9. 

10. Schimmel PR, Soll D. Aminoacyl-tRNA synthetases: general features and recognition of 
transfer RNAs. Annu Rev Biochem. 1979;48:601-48. 

11. Hervier B, Benveniste O. Clinical heterogeneity and outcomes of antisynthetase syndrome. 
Curr Rheumatol Rep. 2013;15(8):349. 

12. Love LA, Leff RL, Fraser DD, Targoff IN, Dalakas M, Plotz PH, et al. A new approach to the 
classification of idiopathic inflammatory myopathy: myositis-specific autoantibodies define 
useful homogeneous patient groups. Medicine (Baltimore). 1991;70(6):360-74. 

13. Imbert-Masseau A, Hamidou M, Agard C, Halloun A, Delangle MH, Audrain M, et al. 
[Antisynthetase syndrome. Three cases and a review of the literature]. Ann Med Interne 
(Paris). 2003;154(7):483-8. 

14. Sarkar K, Weinberg CR, Oddis CV, Medsger TA, Jr., Plotz PH, Reveille JD, et al. Seasonal 
influence on the onset of idiopathic inflammatory myopathies in serologically defined groups. 
Arthritis Rheum. 2005;52(8):2433-8. 

15. Aggarwal R, Cassidy E, Fertig N, Koontz DC, Lucas M, Ascherman DP, et al. Patients with non-
Jo-1 anti-tRNA-synthetase autoantibodies have worse survival than Jo-1 positive patients. 
Ann Rheum Dis. 2014;73(1):227-32. 

16. Cavagna L, Nuno L, Scire CA, Govoni M, Longo FJ, Franceschini F, et al. Clinical Spectrum Time 
Course in Anti Jo-1 Positive Antisynthetase Syndrome: Results From an International 
Retrospective Multicenter Study. Medicine (Baltimore). 2015;94(32):e1144. 

17. Dugar M, Cox S, Limaye V, Blumbergs P, Roberts-Thomson PJ. Clinical heterogeneity and 
prognostic features of South Australian patients with anti-synthetase autoantibodies. Intern 
Med J. 2011;41(9):674-9. 



64 
 

18. Hamaguchi Y, Fujimoto M, Matsushita T, Kaji K, Komura K, Hasegawa M, et al. Common and 
distinct clinical features in adult patients with anti-aminoacyl-tRNA synthetase antibodies: 
heterogeneity within the syndrome. PLoS One. 2013;8(4):e60442. 

19. Marie I, Josse S, Decaux O, Dominique S, Diot E, Landron C, et al. Comparison of long-term 
outcome between anti-Jo1- and anti-PL7/PL12 positive patients with antisynthetase 
syndrome. Autoimmun Rev. 2012;11(10):739-45. 

20. Kalluri M, Sahn SA, Oddis CV, Gharib SL, Christopher-Stine L, Danoff SK, et al. Clinical profile 
of anti-PL-12 autoantibody. Cohort study and review of the literature. Chest. 
2009;135(6):1550-6. 

21. Labirua-Iturburu A, Selva-O'Callaghan A, Vincze M, Danko K, Vencovsky J, Fisher B, et al. Anti-
PL-7 (anti-threonyl-tRNA synthetase) antisynthetase syndrome: clinical manifestations in a 
series of patients from a European multicenter study (EUMYONET) and review of the 
literature. Medicine (Baltimore). 2012;91(4):206-11. 

22. Hirakata M, Mimori T, Akizuki M, Craft J, Hardin JA, Homma M. Autoantibodies to small 
nuclear and cytoplasmic ribonucleoproteins in Japanese patients with inflammatory muscle 
disease. Arthritis Rheum. 1992;35(4):449-56. 

23. Yoshida S, Akizuki M, Mimori T, Yamagata H, Inada S, Homma M. The precipitating antibody 
to an acidic nuclear protein antigen, the Jo-1, in connective tissue diseases. A marker for a 
subset of polymyositis with interstitial pulmonary fibrosis. Arthritis Rheum. 1983;26(5):604-
11. 

24. Pestronk A. Acquired immune and inflammatory myopathies: pathologic classification. Curr 
Opin Rheumatol. 2011;23(6):595-604. 

25. Aouizerate J, De Antonio M, Bassez G, Gherardi RK, Berenbaum F, Guillevin L, et al. Myofiber 
HLA-DR expression is a distinctive biomarker for antisynthetase-associated myopathy. Acta 
Neuropathol Commun. 2014;2:154. 

26. Mescam-Mancini L, Allenbach Y, Hervier B, Devilliers H, Mariampillay K, Dubourg O, et al. 
Anti-Jo-1 antibody-positive patients show a characteristic necrotizing perifascicular myositis. 
Brain. 2015;138(Pt 9):2485-92. 

27. Stenzel W, Preusse C, Allenbach Y, Pehl D, Junckerstorff R, Heppner FL, et al. Nuclear actin 
aggregation is a hallmark of anti-synthetase syndrome-induced dysimmune myopathy. 
Neurology. 2015;84(13):1346-54. 

28. Tillie-Leblond I, Wislez M, Valeyre D, Crestani B, Rabbat A, Israel-Biet D, et al. Interstitial lung 
disease and anti-Jo-1 antibodies: difference between acute and gradual onset. Thorax. 
2008;63(1):53-9. 

29. Won Huh J, Soon Kim D, Keun Lee C, Yoo B, Bum Seo J, Kitaichi M, et al. Two distinct clinical 
types of interstitial lung disease associated with polymyositis-dermatomyositis. Respir Med. 
2007;101(8):1761-9. 

30. Selva-O'Callaghan A, Labrador-Horrillo M, Munoz-Gall X, Martinez-Gomez X, Majo-Masferrer 
J, Solans-Laque R, et al. Polymyositis/dermatomyositis-associated lung disease: analysis of a 
series of 81 patients. Lupus. 2005;14(7):534-42. 

31. Debray MP, Borie R, Revel MP, Naccache JM, Khalil A, Toper C, et al. Interstitial lung disease 
in anti-synthetase syndrome: Initial and follow-up CT findings. Eur J Radiol. 2015;84(3):516-
23. 

32. Fischer A, Swigris JJ, du Bois RM, Lynch DA, Downey GP, Cosgrove GP, et al. Anti-synthetase 
syndrome in ANA and anti-Jo-1 negative patients presenting with idiopathic interstitial 
pneumonia. Respir Med. 2009;103(11):1719-24. 

33. Hozumi H, Enomoto N, Kono M, Fujisawa T, Inui N, Nakamura Y, et al. Prognostic significance 
of anti-aminoacyl-tRNA synthetase antibodies in polymyositis/dermatomyositis-associated 
interstitial lung disease: a retrospective case control study. PLoS One. 2015;10(3):e0120313. 

34. Johnson C, Connors GR, Oaks J, Han S, Truong A, Richardson B, et al. Clinical and pathologic 
differences in interstitial lung disease based on antisynthetase antibody type. Respir Med. 
2014;108(10):1542-8. 



65 
 

35. Rojas-Serrano J, Herrera-Bringas D, Mejia M, Rivero H, Mateos-Toledo H, Figueroa JE. 
Prognostic factors in a cohort of antisynthetase syndrome (ASS): serologic profile is 
associated with mortality in patients with interstitial lung disease (ILD). Clin Rheumatol. 
2015;34(9):1563-9. 

36. Waseda Y, Johkoh T, Egashira R, Sumikawa H, Saeki K, Watanabe S, et al. Antisynthetase 
syndrome: Pulmonary computed tomography findings of adult patients with antibodies to 
aminoacyl-tRNA synthetases. Eur J Radiol. 2016;85(8):1421-6. 

37. Sverzellati N, Lynch DA, Hansell DM, Johkoh T, King TE, Jr., Travis WD. American Thoracic 
Society-European Respiratory Society Classification of the Idiopathic Interstitial Pneumonias: 
Advances in Knowledge since 2002. Radiographics. 2015;35(7):1849-71. 

38. Travis WD, Costabel U, Hansell DM, King TE, Jr., Lynch DA, Nicholson AG, et al. An official 
American Thoracic Society/European Respiratory Society statement: Update of the 
international multidisciplinary classification of the idiopathic interstitial pneumonias. Am J 
Respir Crit Care Med. 2013;188(6):733-48. 

39. Kekevian A, Gershwin ME, Chang C. Diagnosis and classification of idiopathic pulmonary 
fibrosis. Autoimmun Rev. 2014;13(4-5):508-12. 

40. Richards TJ, Eggebeen A, Gibson K, Yousem S, Fuhrman C, Gochuico BR, et al. 
Characterization and peripheral blood biomarker assessment of anti-Jo-1 antibody-positive 
interstitial lung disease. Arthritis Rheum. 2009;60(7):2183-92. 

41. Connors GR, Christopher-Stine L, Oddis CV, Danoff SK. Interstitial lung disease associated 
with the idiopathic inflammatory myopathies: what progress has been made in the past 35 
years? Chest. 2010;138(6):1464-74. 

42. Cottin V, Thivolet-Bejui F, Reynaud-Gaubert M, Cadranel J, Delaval P, Ternamian PJ, et al. 
Interstitial lung disease in amyopathic dermatomyositis, dermatomyositis and polymyositis. 
Eur Respir J. 2003;22(2):245-50. 

43. Douglas WW, Tazelaar HD, Hartman TE, Hartman RP, Decker PA, Schroeder DR, et al. 
Polymyositis-dermatomyositis-associated interstitial lung disease. Am J Respir Crit Care Med. 
2001;164(7):1182-5. 

44. Koreeda Y, Higashimoto I, Yamamoto M, Takahashi M, Kaji K, Fujimoto M, et al. Clinical and 
pathological findings of interstitial lung disease patients with anti-aminoacyl-tRNA 
synthetase autoantibodies. Intern Med. 2010;49(5):361-9. 

45. Marie I, Josse S, Hatron PY, Dominique S, Hachulla E, Janvresse A, et al. Interstitial lung 
disease in anti-Jo-1 patients with antisynthetase syndrome. Arthritis Care Res (Hoboken). 
2013;65(5):800-8. 

46. Okayasu K, Ohtani Y, Takemura T, Uchibori K, Tamaoka M, Furuiye M, et al. Nonspecific 
interstitial pneumonia (NSIP) associated with anti-KS antibody: differentiation from 
idiopathic NSIP. Intern Med. 2009;48(15):1301-6. 

47. Schneider F, Aggarwal R, Bi D, Gibson K, Oddis C, Yousem SA. The pulmonary histopathology 
of anti-KS transfer RNA synthetase syndrome. Arch Pathol Lab Med. 2015;139(1):122-5. 

48. Schneider F, Yousem SA, Bi D, Gibson KF, Oddis CV, Aggarwal R. Pulmonary pathologic 
manifestations of anti-glycyl-tRNA synthetase (anti-EJ)-related inflammatory myopathy. J Clin 
Pathol. 2014;67(8):678-83. 

49. Yousem SA, Gibson K, Kaminski N, Oddis CV, Ascherman DP. The pulmonary histopathologic 
manifestations of the anti-Jo-1 tRNA synthetase syndrome. Mod Pathol. 2010;23(6):874-80. 

50. Yousem SA, Schneider F, Bi D, Oddis CV, Gibson K, Aggarwal R. The pulmonary 
histopathologic manifestations of the anti-PL7/antithreonyl transfer RNA synthetase 
syndrome. Hum Pathol. 2014;45(6):1199-204. 

51. Bachmeyer C, Tillie-Leblond I, Lacert A, Cadranel J, Aractingi S. "Mechanic's hands": a 
misleading cutaneous sign of the antisynthetase syndrome. Br J Dermatol. 2007;156(1):192-4. 

52. Lega JC, Cottin V, Fabien N, Thivolet-Bejui F, Cordier JF. Interstitial lung disease associated 
with anti-PM/Scl or anti-aminoacyl-tRNA synthetase autoantibodies: a similar condition? J 
Rheumatol. 2010;37(5):1000-9. 



66 
 

53. Selva-O'Callaghan A, Labrador-Horrillo M, Solans-Laque R, Simeon-Aznar CP, Martinez-
Gomez X, Vilardell-Tarres M. Myositis-specific and myositis-associated antibodies in a series 
of eighty-eight Mediterranean patients with idiopathic inflammatory myopathy. Arthritis 
Rheum. 2006;55(5):791-8. 

54. Stanciu R, Guiguet M, Musset L, Touitou D, Beigelman C, Rigolet A, et al. Antisynthetase 
syndrome with anti-Jo1 antibodies in 48 patients: pulmonary involvement predicts disease-
modifying antirheumatic drug use. J Rheumatol. 2012;39(9):1835-9. 

55. Lega JC, Fabien N, Reynaud Q, Durieu I, Durupt S, Dutertre M, et al. The clinical phenotype 
associated with myositis-specific and associated autoantibodies: a meta-analysis revisiting 
the so-called antisynthetase syndrome. Autoimmun Rev. 2014;13(9):883-91. 

56. Mielnik P, Wiesik-Szewczyk E, Olesinska M, Chwalinska-Sadowska H, Zabek J. Clinical features 
and prognosis of patients with idiopathic inflammatory myopathies and anti-Jo-1 antibodies. 
Autoimmunity. 2006;39(3):243-7. 

57. Caso F, Costa L, Atteno M, Sfriso P, Cozzi F, Cantarini L, et al. The potential role of bone 
scintigraphy in the detection of deep muscular fascia involvement and calcinosis cutis in anti-
synthetase syndrome. Int J Rheum Dis. 2013;16(4):495-6. 

58. Mercer LK, Moore TL, Chinoy H, Murray AK, Vail A, Cooper RG, et al. Quantitative nailfold 
video capillaroscopy in patients with idiopathic inflammatory myopathy. Rheumatology 
(Oxford). 2010;49(9):1699-705. 

59. Hervier B, Lambert M, Hachulla E, Musset L, Benveniste O, Piette JC, et al. Anti-synthetase 
syndrome positive for anti-isoleucyl-tRNA synthetase antibodies: an unusual case 
overlapping with systemic sclerosis and Sjogren's syndrome. Rheumatology (Oxford). 
2011;50(6):1175-6. 

60. Bunch TW, O'Duffy JD, McLeod RA. Deforming arthritis of the hands in polymyositis. Arthritis 
Rheum. 1976;19(2):243-8. 

61. Meyer O, Charlanne H, Cherin P, Allanore Y, Coquerelle P, Grardel B, et al. Subluxing 
arthropathy: an unusual manifestation of the antisynthetase syndrome. Ann Rheum Dis. 
2009;68(1):152-3. 

62. Oddis CV, Medsger TA, Jr., Cooperstein LA. A subluxing arthropathy associated with the anti-
Jo-1 antibody in polymyositis/dermatomyositis. Arthritis Rheum. 1990;33(11):1640-5. 

63. Cavagna L, Fusetti C, Montecucco C, Caporali R. Anticyclic citrullinated peptide antibodies as 
markers of erosive arthritis in antisynthetase syndrome. J Rheumatol. 2010;37(9):1967; 
author reply 8. 

64. Meyer A, Lefevre G, Bierry G, Duval A, Ottaviani S, Meyer O, et al. In antisynthetase 
syndrome, ACPA are associated with severe and erosive arthritis: an overlapping rheumatoid 
arthritis and antisynthetase syndrome. Medicine (Baltimore). 2015;94(20):e523. 

65. Nagashima T, Sato H, Minota S. Destructive arthropathy associated with dermatomyositis 
sine myositis positive for anti-Jo-1 and anti-cyclic citrullinated peptide antibodies. J 
Rheumatol. 2009;36(9):2133-4. 

66. Cavagna L, Nuno L, Scire CA, Govoni M, Longo FJ, Franceschini F, et al. Serum Jo-1 
Autoantibody and Isolated Arthritis in the Antisynthetase Syndrome: Review of the Literature 
and Report of the Experience of AENEAS Collaborative Group. Clin Rev Allergy Immunol. 2016. 

67. Lefevre G, Meyer A, Launay D, Machelart I, DeBandt M, Michaud J, et al. Seronegative 
polyarthritis revealing antisynthetase syndrome: a multicentre study of 40 patients. 
Rheumatology (Oxford). 2015;54(5):927-32. 

68. Schmidt WA, Wetzel W, Friedlander R, Lange R, Sorensen HF, Lichey HJ, et al. Clinical and 
serological aspects of patients with anti-Jo-1 antibodies--an evolving spectrum of disease 
manifestations. Clin Rheumatol. 2000;19(5):371-7. 

69. Theilacker LR, Brandao FS, Goulart FV, Vaz JL, D'Almeida LO, da Fonseca Salgado MC. 
Antisynthetase Syndrome: two case report and literature review. Rev Bras Reumatol. 
2015;55(2):177-80. 



67 
 

70. Brady S, Melath S, Scalco RS, Penn H. Fatal cardiac involvement complicating antisynthetase 
syndrome. BMJ Case Rep. 2014;2014. 

71. Kulkarni HS, Gutierrez FR, Despotovic V, Russell TD. A 43-year-old man with antisynthetase 
syndrome presenting with acute worsening of dyspnea. Chest. 2015;147(6):e215-9. 

72. Sharma K, Orbai AM, Desai D, Cingolani OH, Halushka MK, Christopher-Stine L, et al. Brief 
report: antisynthetase syndrome-associated myocarditis. J Card Fail. 2014;20(12):939-45. 

73. Dieval C, Deligny C, Meyer A, Cluzel P, Champtiaux N, Lefevre G, et al. Myocarditis in Patients 
With Antisynthetase Syndrome: Prevalence, Presentation, and Outcomes. Medicine 
(Baltimore). 2015;94(26):e798. 

74. Schwartz T, Diederichsen LP, Lundberg IE, Sjaastad I, Sanner H. Cardiac involvement in adult 
and juvenile idiopathic inflammatory myopathies. RMD Open. 2016;2(2):e000291. 

75. Zhang L, Wang GC, Ma L, Zu N. Cardiac involvement in adult polymyositis or dermatomyositis: 
a systematic review. Clin Cardiol. 2012;35(11):686-91. 

76. Cavagna L, Prisco E, Montecucco C, Caporali R. Pulmonary arterial hypertension in 
antisynthetase syndrome: comment on the article by Chatterjee and Farver. Arthritis Care 
Res (Hoboken). 2011;63(4):633-4; author reply 4. 

77. Chatterjee S, Farver C. Severe pulmonary hypertension in Anti-Jo-1 syndrome. Arthritis Care 
Res (Hoboken). 2010;62(3):425-9. 

78. Foris V, Kovacs G, Matucci-Cerinic M, Olschewski H. PL-7 positive antisynthetase syndrome 
and pulmonary hypertension. J Rheumatol. 2013;40(10):1777-9. 

79. Handa T, Nagai S, Kawabata D, Nagao T, Takemura M, Kitaichi M, et al. Long-term clinical 
course of a patient with anti PL-12 antibody accompanied by interstitial pneumonia and 
severe pulmonary hypertension. Intern Med. 2005;44(4):319-25. 

80. Hervier B, Meyer A, Dieval C, Uzunhan Y, Devilliers H, Launay D, et al. Pulmonary 
hypertension in antisynthetase syndrome: prevalence, aetiology and survival. Eur Respir J. 
2013;42(5):1271-82. 

81. Taniguchi Y, Horino T, Kato T, Terada Y. Acute pulmonary arterial hypertension associated 
with anti-synthetase syndrome. Scand J Rheumatol. 2010;39(2):179-80. 

82. Rai SK, Choi HK, Sayre EC, Avina-Zubieta JA. Risk of myocardial infarction and ischaemic 
stroke in adults with polymyositis and dermatomyositis: a general population-based study. 
Rheumatology (Oxford). 2016;55(3):461-9. 

83. Diederichsen LP, Simonsen JA, Diederichsen AC, Hvidsten S, Hougaard M, Junker P, et al. 
Cardiac Abnormalities in Adult Patients With Polymyositis or Dermatomyositis as Assessed by 
Noninvasive Modalities. Arthritis Care Res (Hoboken). 2016;68(7):1012-20. 

84. Lanier GM, Vaishnava P, Kosmas CE, Wagman G, Hiensch R, Vittorio TJ. An update on 
diastolic dysfunction. Cardiol Rev. 2012;20(5):230-6. 

85. Marie I, Hatron PY, Cherin P, Hachulla E, Diot E, Vittecoq O, et al. Functional outcome and 
prognostic factors in anti-Jo1 patients with antisynthetase syndrome. Arthritis Res Ther. 
2013;15(5):R149. 

86. Marie I, Josse S, Decaux O, Diot E, Landron C, Roblot P, et al. Clinical manifestations and 
outcome of anti-PL7 positive patients with antisynthetase syndrome. Eur J Intern Med. 
2013;24(5):474-9. 

87. Solomon J, Swigris JJ, Brown KK. Myositis-related interstitial lung disease and antisynthetase 
syndrome. J Bras Pneumol. 2011;37(1):100-9. 

88. Ascherman DP. Role of Jo-1 in the Immunopathogenesis of the Anti-synthetase Syndrome. 
Curr Rheumatol Rep. 2015;17(9):56. 

89. Stone KB, Oddis CV, Fertig N, Katsumata Y, Lucas M, Vogt M, et al. Anti-Jo-1 antibody levels 
correlate with disease activity in idiopathic inflammatory myopathy. Arthritis Rheum. 
2007;56(9):3125-31. 

90. Miller FW, Waite KA, Biswas T, Plotz PH. The role of an autoantigen, histidyl-tRNA synthetase, 
in the induction and maintenance of autoimmunity. Proc Natl Acad Sci U S A. 
1990;87(24):9933-7. 



68 
 

91. Ascherman DP, Oriss TB, Oddis CV, Wright TM. Critical requirement for professional APCs in 
eliciting T cell responses to novel fragments of histidyl-tRNA synthetase (Jo-1) in Jo-1 
antibody-positive polymyositis. J Immunol. 2002;169(12):7127-34. 

92. Levine SM, Raben N, Xie D, Askin FB, Tuder R, Mullins M, et al. Novel conformation of 
histidyl-transfer RNA synthetase in the lung: the target tissue in Jo-1 autoantibody-associated 
myositis. Arthritis Rheum. 2007;56(8):2729-39. 

93. Katsumata Y, Ridgway WM, Oriss T, Gu X, Chin D, Wu Y, et al. Species-specific immune 
responses generated by histidyl-tRNA synthetase immunization are associated with muscle 
and lung inflammation. J Autoimmun. 2007;29(2-3):174-86. 

94. Soejima M, Kang EH, Gu X, Katsumata Y, Clemens PR, Ascherman DP. Role of innate immunity 
in a murine model of histidyl-transfer RNA synthetase (Jo-1)-mediated myositis. Arthritis 
Rheum. 2011;63(2):479-87. 

95. Fernandez I, Harlow L, Zang Y, Liu-Bryan R, Ridgway WM, Clemens PR, et al. Functional 
redundancy of MyD88-dependent signaling pathways in a murine model of histidyl-transfer 
RNA synthetase-induced myositis. J Immunol. 2013;191(4):1865-72. 

96. Harlow L, Fernandez I, Soejima M, Ridgway WM, Ascherman DP. Characterization of TLR4-
mediated auto-antibody production in a mouse model of histidyl-tRNA synthetase-induced 
myositis. Innate Immun. 2012;18(6):876-85. 

97. Howard OM, Dong HF, Yang D, Raben N, Nagaraju K, Rosen A, et al. Histidyl-tRNA synthetase 
and asparaginyl-tRNA synthetase, autoantigens in myositis, activate chemokine receptors on 
T lymphocytes and immature dendritic cells. J Exp Med. 2002;196(6):781-91. 

98. Wakasugi K, Schimmel P. Two distinct cytokines released from a human aminoacyl-tRNA 
synthetase. Science. 1999;284(5411):147-51. 

99. Eloranta ML, Barbasso Helmers S, Ulfgren AK, Ronnblom L, Alm GV, Lundberg IE. A possible 
mechanism for endogenous activation of the type I interferon system in myositis patients 
with anti-Jo-1 or anti-Ro 52/anti-Ro 60 autoantibodies. Arthritis Rheum. 2007;56(9):3112-24. 

100. Hervier B, Perez M, Allenbach Y, Devilliers H, Cohen F, Uzunhan Y, et al. Involvement of NK 
Cells and NKp30 Pathway in Antisynthetase Syndrome. J Immunol. 2016;197(5):1621-30. 

101. Rothwell S, Lamb JA, Chinoy H. New developments in genetics of myositis. Curr Opin 
Rheumatol. 2016;28(6):651-6. 

102. Chinoy H, Lamb JA, Ollier WE, Cooper RG. Recent advances in the immunogenetics of 
idiopathic inflammatory myopathy. Arthritis Res Ther. 2011;13(3):216. 

103. Arnett FC, Targoff IN, Mimori T, Goldstein R, Warner NB, Reveille JD. Interrelationship of 
major histocompatibility complex class II alleles and autoantibodies in four ethnic groups 
with various forms of myositis. Arthritis Rheum. 1996;39(9):1507-18. 

104. Miller FW, Chen W, O'Hanlon TP, Cooper RG, Vencovsky J, Rider LG, et al. Genome-wide 
association study identifies HLA 8.1 ancestral haplotype alleles as major genetic risk factors 
for myositis phenotypes. Genes Immun. 2015;16(7):470-80. 

105. O'Hanlon TP, Carrick DM, Targoff IN, Arnett FC, Reveille JD, Carrington M, et al. 
Immunogenetic risk and protective factors for the idiopathic inflammatory myopathies: 
distinct HLA-A, -B, -Cw, -DRB1, and -DQA1 allelic profiles distinguish European American 
patients with different myositis autoantibodies. Medicine (Baltimore). 2006;85(2):111-27. 

106. Rothwell S, Cooper RG, Lundberg IE, Miller FW, Gregersen PK, Bowes J, et al. Dense 
genotyping of immune-related loci in idiopathic inflammatory myopathies confirms HLA 
alleles as the strongest genetic risk factor and suggests different genetic background for 
major clinical subgroups. Ann Rheum Dis. 2016;75(8):1558-66. 

107. Chinoy H, Salway F, Fertig N, Shephard N, Tait BD, Thomson W, et al. In adult onset myositis, 
the presence of interstitial lung disease and myositis specific/associated antibodies are 
governed by HLA class II haplotype, rather than by myositis subtype. Arthritis Res Ther. 
2006;8(1):R13. 



69 
 

108. Chinoy H, Payne D, Poulton KV, Fertig N, Betteridge Z, Gunawardena H, et al. HLA-DPB1 
associations differ between DRB1*03 positive anti-Jo-1 and anti-PM-Scl antibody positive 
idiopathic inflammatory myopathy. Rheumatology (Oxford). 2009;48(10):1213-7. 

109. Chinoy H, Adimulam S, Marriage F, New P, Vincze M, Zilahi E, et al. Interaction of HLA-
DRB1*03 and smoking for the development of anti-Jo-1 antibodies in adult idiopathic 
inflammatory myopathies: a European-wide case study. Ann Rheum Dis. 2012;71(6):961-5. 

110. Labirua-Iturburu A, Selva-O'Callaghan A, Zock JP, Orriols R, Martinez-Gomez X, Vilardell-
Tarres M. Occupational exposure in patients with the antisynthetase syndrome. Clin 
Rheumatol. 2014;33(2):221-5. 

111. Costa AN, Kawano-Dourado L, Shinjo SK, Carvalho CR, Kairalla RA. Environmental exposure in 
inflammatory myositis. Clin Rheumatol. 2014;33(11):1689-90. 

112. Kawano-Dourado L, Costa AN, Carvalho CR, Kairalla RA. Environmental triggers of 
autoimmunity in anti-synthetase syndrome: the lungs under the spot light. Clin Exp 
Rheumatol. 2013;31(6):950-3. 

113. Barbasso Helmers S, Englund P, Engstrom M, Ahlin E, Fathi M, Janciauskiene S, et al. Sera 
from anti-Jo-1-positive patients with polymyositis and interstitial lung disease induce 
expression of intercellular adhesion molecule 1 in human lung endothelial cells. Arthritis 
Rheum. 2009;60(8):2524-30. 

114. Krystufkova O, Vallerskog T, Helmers SB, Mann H, Putova I, Belacek J, et al. Increased serum 
levels of B cell activating factor (BAFF) in subsets of patients with idiopathic inflammatory 
myopathies. Ann Rheum Dis. 2009;68(6):836-43. 

115. Bunch TW. Prednisone and azathioprine for polymyositis: long-term followup. Arthritis 
Rheum. 1981;24(1):45-8. 

116. Joffe MM, Love LA, Leff RL, Fraser DD, Targoff IN, Hicks JE, et al. Drug therapy of the 
idiopathic inflammatory myopathies: predictors of response to prednisone, azathioprine, and 
methotrexate and a comparison of their efficacy. Am J Med. 1993;94(4):379-87. 

117. Moghadam-Kia S, Aggarwal R, Oddis CV. Treatment of inflammatory myopathy: emerging 
therapies and therapeutic targets. Expert Rev Clin Immunol. 2015;11(11):1265-75. 

118. Newman ED, Scott DW. The Use of Low-dose Oral Methotrexate in the Treatment of 
Polymyositis and Dermatomyositis. J Clin Rheumatol. 1995;1(2):99-102. 

119. Oddis CV. Update on the pharmacological treatment of adult myositis. J Intern Med. 
2016;280(1):63-74. 

120. Ramirez G, Asherson RA, Khamashta MA, Cervera R, D'Cruz D, Hughes GR. Adult-onset 
polymyositis-dermatomyositis: description of 25 patients with emphasis on treatment. Semin 
Arthritis Rheum. 1990;20(2):114-20. 

121. Cherin P, Pelletier S, Teixeira A, Laforet P, Genereau T, Simon A, et al. Results and long-term 
followup of intravenous immunoglobulin infusions in chronic, refractory polymyositis: an 
open study with thirty-five adult patients. Arthritis Rheum. 2002;46(2):467-74. 

122. Dalakas MC, Illa I, Dambrosia JM, Soueidan SA, Stein DP, Otero C, et al. A controlled trial of 
high-dose intravenous immune globulin infusions as treatment for dermatomyositis. N Engl J 
Med. 1993;329(27):1993-2000. 

123. Go DJ, Park JK, Kang EH, Kwon HM, Lee YJ, Song YW, et al. Survival benefit associated with 
early cyclosporine treatment for dermatomyositis-associated interstitial lung disease. 
Rheumatol Int. 2016;36(1):125-31. 

124. Kotani T, Takeuchi T, Makino S, Hata K, Yoshida S, Nagai K, et al. Combination with 
corticosteroids and cyclosporin-A improves pulmonary function test results and chest HRCT 
findings in dermatomyositis patients with acute/subacute interstitial pneumonia. Clin 
Rheumatol. 2011;30(8):1021-8. 

125. Pisoni CN, Cuadrado MJ, Khamashta MA, Hughes GR, D'Cruz DP. Mycophenolate mofetil 
treatment in resistant myositis. Rheumatology (Oxford). 2007;46(3):516-8. 

126. Majithia V, Harisdangkul V. Mycophenolate mofetil (CellCept): an alternative therapy for 
autoimmune inflammatory myopathy. Rheumatology (Oxford). 2005;44(3):386-9. 



70 
 

127. Matsubara S, Kondo K, Sugaya K, Miyamoto K. Effects of tacrolimus on dermatomyositis and 
polymyositis: a prospective, open, non-randomized study of nine patients and a review of the 
literature. Clin Rheumatol. 2012;31(10):1493-8. 

128. Oddis CV, Reed AM, Aggarwal R, Rider LG, Ascherman DP, Levesque MC, et al. Rituximab in 
the treatment of refractory adult and juvenile dermatomyositis and adult polymyositis: a 
randomized, placebo-phase trial. Arthritis Rheum. 2013;65(2):314-24. 

129. Aggarwal R, Bandos A, Reed AM, Ascherman DP, Barohn RJ, Feldman BM, et al. Predictors of 
clinical improvement in rituximab-treated refractory adult and juvenile dermatomyositis and 
adult polymyositis. Arthritis Rheumatol. 2014;66(3):740-9. 

130. Allenbach Y, Guiguet M, Rigolet A, Marie I, Hachulla E, Drouot L, et al. Efficacy of Rituximab in 
Refractory Inflammatory Myopathies Associated with Anti- Synthetase Auto-Antibodies: An 
Open-Label, Phase II Trial. PLoS One. 2015;10(11):e0133702. 

131. Ingegnoli F, Lubatti C, Ingegnoli A, Boracchi P, Zeni S, Meroni PL. Interstitial lung disease 
outcomes by high-resolution computed tomography (HRCT) in Anti-Jo1 antibody-positive 
polymyositis patients: a single centre study and review of the literature. Autoimmun Rev. 
2012;11(5):335-40. 

132. Morganroth PA, Kreider ME, Werth VP. Mycophenolate mofetil for interstitial lung disease in 
dermatomyositis. Arthritis Care Res (Hoboken). 2010;62(10):1496-501. 

133. Nagasaka K, Harigai M, Tateishi M, Hara M, Yoshizawa Y, Koike T, et al. Efficacy of 
combination treatment with cyclosporin A and corticosteroids for acute interstitial 
pneumonitis associated with dermatomyositis. Mod Rheumatol. 2003;13(3):231-8. 

134. Cavagna L, Caporali R, Abdi-Ali L, Dore R, Meloni F, Montecucco C. Cyclosporine in anti-Jo1-
positive patients with corticosteroid-refractory interstitial lung disease. J Rheumatol. 
2013;40(4):484-92. 

135. Kurita T, Yasuda S, Oba K, Odani T, Kono M, Otomo K, et al. The efficacy of tacrolimus in 
patients with interstitial lung diseases complicated with polymyositis or dermatomyositis. 
Rheumatology (Oxford). 2015;54(8):1536. 

136. Oddis CV, Sciurba FC, Elmagd KA, Starzl TE. Tacrolimus in refractory polymyositis with 
interstitial lung disease. Lancet. 1999;353(9166):1762-3. 

137. Takada K, Nagasaka K, Miyasaka N. Polymyositis/dermatomyositis and interstitial lung 
disease: a new therapeutic approach with T-cell-specific immunosuppressants. 
Autoimmunity. 2005;38(5):383-92. 

138. Wilkes MR, Sereika SM, Fertig N, Lucas MR, Oddis CV. Treatment of antisynthetase-
associated interstitial lung disease with tacrolimus. Arthritis Rheum. 2005;52(8):2439-46. 

139. Ge Y, Peng Q, Zhang S, Zhou H, Lu X, Wang G. Cyclophosphamide treatment for idiopathic 
inflammatory myopathies and related interstitial lung disease: a systematic review. Clin 
Rheumatol. 2015;34(1):99-105. 

140. Marie I, Hatron PY, Dominique S, Cherin P, Mouthon L, Menard JF. Short-term and long-term 
outcomes of interstitial lung disease in polymyositis and dermatomyositis: a series of 107 
patients. Arthritis Rheum. 2011;63(11):3439-47. 

141. Mira-Avendano IC, Parambil JG, Yadav R, Arrossi V, Xu M, Chapman JT, et al. A retrospective 
review of clinical features and treatment outcomes in steroid-resistant interstitial lung 
disease from polymyositis/dermatomyositis. Respir Med. 2013;107(6):890-6. 

142. Yamasaki Y, Yamada H, Yamasaki M, Ohkubo M, Azuma K, Matsuoka S, et al. Intravenous 
cyclophosphamide therapy for progressive interstitial pneumonia in patients with 
polymyositis/dermatomyositis. Rheumatology (Oxford). 2007;46(1):124-30. 

143. Bauhammer J, Blank N, Max R, Lorenz HM, Wagner U, Krause D, et al. Rituximab in the 
Treatment of Jo1 Antibody-associated Antisynthetase Syndrome: Anti-Ro52 Positivity as a 
Marker for Severity and Treatment Response. J Rheumatol. 2016;43(8):1566-74. 

144. Marie I, Dominique S, Janvresse A, Levesque H, Menard JF. Rituximab therapy for refractory 
interstitial lung disease related to antisynthetase syndrome. Respir Med. 2012;106(4):581-7. 



71 
 

145. Nalotto L, Iaccarino L, Zen M, Gatto M, Borella E, Domenighetti M, et al. Rituximab in 
refractory idiopathic inflammatory myopathies and antisynthetase syndrome: personal 
experience and review of the literature. Immunol Res. 2013;56(2-3):362-70. 

146. Sem M, Molberg O, Lund MB, Gran JT. Rituximab treatment of the anti-synthetase syndrome: 
a retrospective case series. Rheumatology (Oxford). 2009;48(8):968-71. 

147. Sharp C, McCabe M, Dodds N, Edey A, Mayers L, Adamali H, et al. Rituximab in autoimmune 
connective tissue disease-associated interstitial lung disease. Rheumatology (Oxford). 
2016;55(7):1318-24. 

148. Sultan SM, Ng KP, Edwards JC, Isenberg DA, Cambridge G. Clinical outcome following B cell 
depletion therapy in eight patients with refractory idiopathic inflammatory myopathy. Clin 
Exp Rheumatol. 2008;26(5):887-93. 

149. Vandenbroucke E, Grutters JC, Altenburg J, Boersma WG, ter Borg EJ, van den Bosch JM. 
Rituximab in life threatening antisynthetase syndrome. Rheumatol Int. 2009;29(12):1499-502. 

150. Zappa MC, Trequattrini T, Mattioli F, Rivitti R, Vigliarolo R, Marcoccia A, et al. Rituximab 
treatment in a case of antisynthetase syndrome with severe interstitial lung disease and 
acute respiratory failure. Multidiscip Respir Med. 2011;6(3):183-8. 

151. Bozkirli DE, Kozanoglu I, Bozkirli E, Yucel E. Antisynthetase syndrome with refractory lung 
involvement and myositis successfully treated with double filtration plasmapheresis. J Clin 
Apher. 2013;28(6):422-5. 

152. Omotoso BA, Ogden MI, Balogun RA. Therapeutic plasma exchange in antisynthetase 
syndrome with severe interstitial lung disease. J Clin Apher. 2015;30(6):375-9. 

153. Chen IJ, Jan Wu YJ, Lin CW, Fan KW, Luo SF, Ho HH, et al. Interstitial lung disease in 
polymyositis and dermatomyositis. Clin Rheumatol. 2009;28(6):639-46. 

154. Danieli MG, Gambini S, Pettinari L, Logullo F, Veronesi G, Gabrielli A. Impact of treatment on 
survival in polymyositis and dermatomyositis. A single-centre long-term follow-up study. 
Autoimmun Rev. 2014;13(10):1048-54. 

155. Johnson C, Pinal-Fernandez I, Parikh R, Paik J, Albayda J, Mammen AL, et al. Assessment of 
Mortality in Autoimmune Myositis With and Without Associated Interstitial Lung Disease. 
Lung. 2016;194(5):733-7. 

156. Marie I, Hachulla E, Cherin P, Dominique S, Hatron PY, Hellot MF, et al. Interstitial lung 
disease in polymyositis and dermatomyositis. Arthritis Rheum. 2002;47(6):614-22. 

157. Danko K, Ponyi A, Constantin T, Borgulya G, Szegedi G. Long-term survival of patients with 
idiopathic inflammatory myopathies according to clinical features: a longitudinal study of 162 
cases. Medicine (Baltimore). 2004;83(1):35-42. 

158. Ghillani P, Andre C, Toly C, Rouquette AM, Bengoufa D, Nicaise P, et al. Clinical significance of 
anti-Ro52 (TRIM21) antibodies non-associated with anti-SSA 60kDa antibodies: results of a 
multicentric study. Autoimmun Rev. 2011;10(9):509-13. 

159. Gunnarsson R, El-Hage F, Aalokken TM, Reiseter S, Lund MB, Garen T, et al. Associations 
between anti-Ro52 antibodies and lung fibrosis in mixed connective tissue disease. 
Rheumatology (Oxford). 2016;55(1):103-8. 

160. Wodkowski M, Hudson M, Proudman S, Walker J, Stevens W, Nikpour M, et al. Monospecific 
anti-Ro52/TRIM21 antibodies in a tri-nation cohort of 1574 systemic sclerosis subjects: 
evidence of an association with interstitial lung disease and worse survival. Clin Exp 
Rheumatol. 2015;33(4 Suppl 91):S131-5. 

161. Yamasaki Y, Satoh M, Mizushima M, Okazaki T, Nagafuchi H, Ooka S, et al. Clinical subsets 
associated with different anti-aminoacyl transfer RNA synthetase antibodies and their 
association with coexisting anti-Ro52. Mod Rheumatol. 2016;26(3):403-9. 

162. La Corte R, Lo Mo Naco A, Locaputo A, Dolzani F, Trotta F. In patients with antisynthetase 
syndrome the occurrence of anti-Ro/SSA antibodies causes a more severe interstitial lung 
disease. Autoimmunity. 2006;39(3):249-53. 



72 
 

163. Marie I, Hatron PY, Dominique S, Cherin P, Mouthon L, Menard JF, et al. Short-term and long-
term outcome of anti-Jo1-positive patients with anti-Ro52 antibody. Semin Arthritis Rheum. 
2012;41(6):890-9. 

164. Vancsa A, Csipo I, Nemeth J, Devenyi K, Gergely L, Danko K. Characteristics of interstitial lung 
disease in SS-A positive/Jo-1 positive inflammatory myopathy patients. Rheumatol Int. 
2009;29(9):989-94. 

165. Dobloug GC, Garen T, Brunborg C, Gran JT, Molberg O. Survival and cancer risk in an 
unselected and complete Norwegian idiopathic inflammatory myopathy cohort. Semin 
Arthritis Rheum. 2015;45(3):301-8. 

166. Hill CL, Zhang Y, Sigurgeirsson B, Pukkala E, Mellemkjaer L, Airio A, et al. Frequency of specific 
cancer types in dermatomyositis and polymyositis: a population-based study. Lancet. 
2001;357(9250):96-100. 

167. Limaye V, Luke C, Tucker G, Hill C, Lester S, Blumbergs P, et al. The incidence and associations 
of malignancy in a large cohort of patients with biopsy-determined idiopathic inflammatory 
myositis. Rheumatol Int. 2013;33(4):965-71. 

168. Qiang JK, Kim WB, Baibergenova A, Alhusayen R. Risk of Malignancy in Dermatomyositis and 
Polymyositis: A Systematic Review and Meta-Analysis. J Cutan Med Surg. 2016. 

169. Tiniakou E, Mammen AL. Idiopathic Inflammatory Myopathies and Malignancy: a 
Comprehensive Review. Clin Rev Allergy Immunol. 2015. 

170. Zahr ZA, Baer AN. Malignancy in myositis. Curr Rheumatol Rep. 2011;13(3):208-15. 
171. Zhang W, Jiang SP, Huang L. Dermatomyositis and malignancy: a retrospective study of 115 

cases. Eur Rev Med Pharmacol Sci. 2009;13(2):77-80. 
172. Ceribelli A, Isailovic N, De Santis M, Generali E, Fredi M, Cavazzana I, et al. Myositis-specific 

autoantibodies and their association with malignancy in Italian patients with polymyositis 
and dermatomyositis. Clin Rheumatol. 2016. 

173. Fiorentino DF, Chung LS, Christopher-Stine L, Zaba L, Li S, Mammen AL, et al. Most patients 
with cancer-associated dermatomyositis have antibodies to nuclear matrix protein NXP-2 or 
transcription intermediary factor 1gamma. Arthritis Rheum. 2013;65(11):2954-62. 

174. Lu X, Yang H, Shu X, Chen F, Zhang Y, Zhang S, et al. Factors predicting malignancy in patients 
with polymyositis and dermatomyostis: a systematic review and meta-analysis. PLoS One. 
2014;9(4):e94128. 

175. Andras C, Ponyi A, Constantin T, Csiki Z, Szekanecz E, Szodoray P, et al. Dermatomyositis and 
polymyositis associated with malignancy: a 21-year retrospective study. J Rheumatol. 
2008;35(3):438-44. 

176. Antiochos BB, Brown LA, Li Z, Tosteson TD, Wortmann RL, Rigby WF. Malignancy is associated 
with dermatomyositis but not polymyositis in Northern New England, USA. J Rheumatol. 
2009;36(12):2704-10. 

177. So MW, Koo BS, Kim YG, Lee CK, Yoo B. Idiopathic inflammatory myopathy associated with 
malignancy: a retrospective cohort of 151 Korean patients with dermatomyositis and 
polymyositis. J Rheumatol. 2011;38(11):2432-5. 

178. Ponyi A, Constantin T, Garami M, Andras C, Tallai B, Vancsa A, et al. Cancer-associated 
myositis: clinical features and prognostic signs. Ann N Y Acad Sci. 2005;1051:64-71. 

179. Hubbard R, Venn A, Lewis S, Britton J. Lung cancer and cryptogenic fibrosing alveolitis. A 
population-based cohort study. Am J Respir Crit Care Med. 2000;161(1):5-8. 

180. Li J, Yang M, Li P, Su Z, Gao P, Zhang J. Idiopathic pulmonary fibrosis will increase the risk of 
lung cancer. Chin Med J (Engl). 2014;127(17):3142-9. 

181. Azuma K, Yamada H, Ohkubo M, Yamasaki Y, Yamasaki M, Mizushima M, et al. Incidence and 
predictive factors for malignancies in 136 Japanese patients with dermatomyositis, 
polymyositis and clinically amyopathic dermatomyositis. Mod Rheumatol. 2011;21(2):178-83. 

182. Chen YJ, Wu CY, Shen JL. Predicting factors of malignancy in dermatomyositis and 
polymyositis: a case-control study. Br J Dermatol. 2001;144(4):825-31. 



73 
 

183. Legault D, McDermott J, Crous-Tsanaclis AM, Boire G. Cancer-associated myositis in the 
presence of anti-Jo1 autoantibodies and the antisynthetase syndrome. J Rheumatol. 
2008;35(1):169-71. 

184. Mileti LM, Strek ME, Niewold TB, Curran JJ, Sweiss NJ. Clinical characteristics of patients with 
anti-Jo-1 antibodies: a single center experience. J Clin Rheumatol. 2009;15(5):254-5. 

185. Isenberg DA, Allen E, Farewell V, Ehrenstein MR, Hanna MG, Lundberg IE, et al. International 
consensus outcome measures for patients with idiopathic inflammatory myopathies. 
Development and initial validation of myositis activity and damage indices in patients with 
adult onset disease. Rheumatology (Oxford). 2004;43(1):49-54. 

186. Alexanderson H, Broman L, Tollback A, Josefson A, Lundberg IE, Stenstrom CH. Functional 
index-2: Validity and reliability of a disease-specific measure of impairment in patients with 
polymyositis and dermatomyositis. Arthritis Rheum. 2006;55(1):114-22. 

187. Kendall HO, Kendall FP, Wadsworth GE. Muscles : testing and function. 2nd ed. ed. Baltimore: 
Williams and Wilkins; 1971. 

188. Fries JF, Spitz P, Kraines RG, Holman HR. Measurement of patient outcome in arthritis. 
Arthritis Rheum. 1980;23(2):137-45. 

189. Ware J, Snow K, Kosinski M, Gandek B. SF-36 health survey. Manual and interpretation guide. 
Boston: New England Medical Center; 1993. 

190. Macintyre N, Crapo RO, Viegi G, Johnson DC, van der Grinten CP, Brusasco V, et al. 
Standardisation of the single-breath determination of carbon monoxide uptake in the lung. 
Eur Respir J. 2005;26(4):720-35. 

191. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al. Standardisation of 
spirometry. European Respiratory Journal. 2005;26(2):319-38. 

192. Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R, Yernault JC. Lung volumes and 
forced ventilatory flows. Report Working Party Standardization of Lung Function Tests, 
European Community for Steel and Coal. Official Statement of the European Respiratory 
Society. Eur Respir J Suppl. 1993;16:5-40. 

193. Hansell DM, Bankier AA, MacMahon H, McLoud TC, Muller NL, Remy J. Fleischner Society: 
glossary of terms for thoracic imaging. Radiology. 2008;246(3):697-722. 

194. Gunnarsson R, Aalokken TM, Molberg O, Lund MB, Mynarek GK, Lexberg AS, et al. Prevalence 
and severity of interstitial lung disease in mixed connective tissue disease: a nationwide, 
cross-sectional study. Ann Rheum Dis. 2012;71(12):1966-72. 

195. Hoffmann-Vold AM, Aalokken TM, Lund MB, Garen T, Midtvedt O, Brunborg C, et al. 
Predictive Value of Serial High-Resolution Computed Tomography Analyses and Concurrent 
Lung Function Tests in Systemic Sclerosis. Arthritis Rheumatol. 2015;67(8):2205-12. 

196. ATS statement: guidelines for the six-minute walk test. Am J Respir Crit Care Med. 
2002;166(1):111-7. 

197. Sanner H, Kirkhus E, Merckoll E, Tollisen A, Roisland M, Lie BA, et al. Long-term muscular 
outcome and predisposing and prognostic factors in juvenile dermatomyositis: A case-control 
study. Arthritis Care Res (Hoboken). 2010;62(8):1103-11. 

198. Goutallier D, Postel JM, Gleyze P, Leguilloux P, Van Driessche S. Influence of cuff muscle fatty 
degeneration on anatomic and functional outcomes after simple suture of full-thickness 
tears. J Shoulder Elbow Surg. 2003;12(6):550-4. 

199. Galie N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A, et al. 2015 ESC/ERS Guidelines 
for the diagnosis and treatment of pulmonary hypertension: The Joint Task Force for the 
Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology 
(ESC) and the European Respiratory Society (ERS): Endorsed by: Association for European 
Paediatric and Congenital Cardiology (AEPC), International Society for Heart and Lung 
Transplantation (ISHLT). Eur Heart J. 2016;37(1):67-119. 

200. Fauchais AL, Martel C, Gondran G, Lambert M, Launay D, Jauberteau MO, et al. 
Immunological profile in primary Sjogren syndrome: clinical significance, prognosis and long-
term evolution to other auto-immune disease. Autoimmun Rev. 2010;9(9):595-9. 



74 
 

201. Fischer A, Antoniou KM, Brown KK, Cadranel J, Corte TJ, du Bois RM, et al. An official 
European Respiratory Society/American Thoracic Society research statement: interstitial 
pneumonia with autoimmune features. Eur Respir J. 2015;46(4):976-87. 

202. Walsh SL, Sverzellati N, Devaraj A, Keir GJ, Wells AU, Hansell DM. Connective tissue disease 
related fibrotic lung disease: high resolution computed tomographic and pulmonary function 
indices as prognostic determinants. Thorax. 2014;69(3):216-22. 

203. Goh NS, Desai SR, Veeraraghavan S, Hansell DM, Copley SJ, Maher TM, et al. Interstitial lung 
disease in systemic sclerosis: a simple staging system. Am J Respir Crit Care Med. 
2008;177(11):1248-54. 

204. Akira M, Inoue Y, Arai T, Okuma T, Kawata Y. Long-term follow-up high-resolution CT findings 
in non-specific interstitial pneumonia. Thorax. 2011;66(1):61-5. 

205. Kazerooni EA, Martinez FJ, Flint A, Jamadar DA, Gross BH, Spizarny DL, et al. Thin-section CT 
obtained at 10-mm increments versus limited three-level thin-section CT for idiopathic 
pulmonary fibrosis: correlation with pathologic scoring. AJR Am J Roentgenol. 
1997;169(4):977-83. 

206. Barsotti S, Zampa V, Talarico R, Minichilli F, Ortori S, Iacopetti V, et al. Thigh magnetic 
resonance imaging for the evaluation of disease activity in patients with idiopathic 
inflammatory myopathies followed in a single center. Muscle Nerve. 2016. 

207. Pinal-Fernandez I, Casal-Dominguez M, Carrino JA, Lahouti AH, Basharat P, Albayda J, et al. 
Thigh muscle MRI in immune-mediated necrotising myopathy: extensive oedema, early 
muscle damage and role of anti-SRP autoantibodies as a marker of severity. Ann Rheum Dis. 
2016. 

208. Pipitone N. Value of MRI in diagnostics and evaluation of myositis. Curr Opin Rheumatol. 
2016;28(6):625-30. 

209. Saketkoo LA, Mittoo S, Huscher D, Khanna D, Dellaripa PF, Distler O, et al. Connective tissue 
disease related interstitial lung diseases and idiopathic pulmonary fibrosis: provisional core 
sets of domains and instruments for use in clinical trials. Thorax. 2014;69(5):428-36. 

210. Zheng Y, Liu L, Wang L, Xiao J, Wang Z, Lv H, et al. Magnetic resonance imaging changes of 
thigh muscles in myopathy with antibodies to signal recognition particle. Rheumatology 
(Oxford). 2015;54(6):1017-24. 

211. Hsu VM, Chung L, Hummers LK, Wigley F, Simms R, Bolster M, et al. Development of 
pulmonary hypertension in a high-risk population with systemic sclerosis in the Pulmonary 
Hypertension Assessment and Recognition of Outcomes in Scleroderma (PHAROS) cohort 
study. Semin Arthritis Rheum. 2014;44(1):55-62. 

212. Steen VD, Lucas M, Fertig N, Medsger TA, Jr. Pulmonary arterial hypertension and severe 
pulmonary fibrosis in systemic sclerosis patients with a nucleolar antibody. J Rheumatol. 
2007;34(11):2230-5. 

213. Thakkar V, Stevens W, Prior D, Youssef P, Liew D, Gabbay E, et al. The inclusion of N-terminal 
pro-brain natriuretic peptide in a sensitive screening strategy for systemic sclerosis-related 
pulmonary arterial hypertension: a cohort study. Arthritis Res Ther. 2013;15(6):R193. 

214. Tan RT, Kuzo R, Goodman LR, Siegel R, Haasler GB, Presberg KW. Utility of CT scan evaluation 
for predicting pulmonary hypertension in patients with parenchymal lung disease. Medical 
College of Wisconsin Lung Transplant Group. Chest. 1998;113(5):1250-6. 

215. Coghlan JG, Denton CP, Grunig E, Bonderman D, Distler O, Khanna D, et al. Evidence-based 
detection of pulmonary arterial hypertension in systemic sclerosis: the DETECT study. Ann 
Rheum Dis. 2014;73(7):1340-9. 

 


