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A B S T R A C T   

Nowadays, the importance of detection of myositis-specific antibodies (MSA) and myositis-associated antibodies 
(MAA) in diagnosis and in delineating disease subsets of idiopathic inflammatory myopathy (IIM) is highly 
acknowledged by IIM experts. Consequently, MSA/MAA are increasingly integrated in expert-based myositis 
(sub)classification criteria as well as in routine diagnostics. In contrast, MSA/MAA are under-represented in data- 
based (sub)classification criteria, mostly related to the lack of sufficient data on the wide spectrum of MSA/MAA 
in large multicenter cohorts. Unfortunately, the current commercially available assays to detect MSA/MAA show 
variable analytical and clinical performance characteristics. This challenges the design of prospective multicenter 
studies on MSA/MAA as well as the optimization of their routine clinical use. Additional validation studies and 
continuous harmonization initiatives on MSA/MAA detection from the pre-analytical to the post-analytical phase 
(e.g. from defining request criteria to guidelines for reporting), will be needed to overcome these hurdles. To 
speed up this process, we encourage close collaborations between IIM clinical experts, laboratory professionals 
and diagnostic companies.   

1. Introduction 

The idiopathic inflammatory myopathies (IIM) are a heterogeneous 
group of rare acquired immune-mediated muscle diseases, with distinct 
clinical, serological and histological features [1]. In addition to muscle 
inflammation, patients may also present with extra-muscular manifes-
tations involving the skin, lungs, heart and joints [2]. 

For many years, the IIM have been subdivided in three main sub-
groups, namely polymyositis (PM), dermatomyositis (DM), including 
juvenile dermatomyositis (jDM), and inclusion body myositis (IBM) 
[3–5]. The last decade, the landscape of IIM underwent a total make 
over, largely due to the discovery of several new myositis-specific and 
myositis-associated antibodies (respectively MSA and MAA). MSA are a 
well-defined group of autoantibodies present in >50% of IIM, which are 
generally considered highly disease-specific and mutually exclusive 
(reviewed in Ref. [1]). An overview of the antibodies denominated as 

MSA in relation to their discovery and proposed disease criteria is pro-
vided in Fig. 1. MSA are associated with specific clinical features in the 
IIM spectrum and enable identification of subsets of patients with spe-
cific phenotypes of skin, muscle and lung disease and malignancy [1,8]. 
In contrast, MAA are less disease-specific, as they are also found in other 
systemic autoimmune rheumatic diseases (SARD) and often associated 
with overlap disease [9,10]. The MAA group includes anti-PM/Scl (75 
and 100), anti-U1RNP, anti-Ro52/TRIM21 and anti-Ku. Some authors 
also categorize anti-La/SSB and anti-Ro60/SSA as MAA [1,11]. Con-
troversies exist on categorizing anti-CN1A as MSA or MAA, as anti-CN1A 
are also found in systemic lupus erythematosus and Sjögren’s syndrome, 
we considered anti-CN1A as MAA. Frequencies of MAA in (overlap) IIM 
ranges from <1% for anti-Ku to >25% for anti-Ro52/TRIM21 (reviewed 
in Ref. [1]). Expansion of the characterized MSA/MAA together with the 
development of easy accessible detection methods for these antibodies, 
has led to better understanding, diagnosis, classification and treatment 
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of IIM [12]. 
In this review we first provide a historical overview of the diag-

nostic/(sub)classification criteria of IIM with focus on the entry of MSA/ 
MAA in these criteria, including a summary on the scientific background 
supporting their inclusion. Next, we elaborate on the reliability of the 
different methods for MSA/MAA detection and the challenges related to 
this in the context of designing studies/defining future disease criteria 
and daily routine application. Finally, we discuss the integration of these 
tests in current laboratory practice as well as opportunities for further 
improvement of the clinical utility of these tests. 

2. Autoantibodies in disease criteria: an historical overview 
until 2016 

In general, classification criteria are meant to define homogeneous 
disease groups to allow for optimal research possibilities and in the long 
term for better understanding of the underlying pathogenesis, improved 
management and outcome of the disease. Table 1 gives a historical 
overview of the proposed criteria for IIM with MSA included, some 
focussing on ‘defining’ the disease subset, while other serving 
subclassification. 

In 1975, Peter and Bohan introduced a first set of criteria for both 
diagnosis and classification of IIM in PM/DM [3,4], which were widely 
adopted and therefore enabled tremendous evolution within the field. 
These earliest criteria were based on clinical (symmetric proximal 
muscle weakness, usually progressive) and histopathological features 
(evidence of inflammation on muscle biopsy) [3,4]. Technical in-
vestigations included electromyography and determination of the 
muscle enzymes (e.g. creatine kinase [CK], lactate dehydrogenase 
[LDH], aldolase, transaminases). The presence of classical DM skin 
rashes differentiated between DM and PM [3,4]. IBM was later incor-
porated in the Dalakas diagnostic criteria of 1991, which were in fact an 

expert-opinion based fine-tuning of the Peter and Bohan criteria [5]. 
More widely used clinico-pathological expert-based criteria for IBM are 
the Griggs criteria as proposed in 1995 [6], which were later updated by 
the use of unbiased machine learning approaches on patient data [7]. Of 
note, Dalakas already anticipated on the potential role of autoantibody 
detection in diagnosis, clinical description and immunopathogenesis of 
IIM, but this idea was denominated as yet premature [5]. 

Next, the classification of IIM evolved from a clinico-pathological 
classification with limited subgroups, towards a clinico- 
seropathological classification, with additional distinct subgroups 
[15–19]. This evolution was mainly driven by the booming discovery of 
new autoantibodies associated with IIM and particular IIM subtypes 
(Fig. 1). The first MSA-based IIM classification was published by Love 
et al. in 1990 [20]. Their proposal focussed not on serving a diagnostic 
role but on an adjunct subclassification of IIM patients based on their 
MSA, and included the major antibodies characterized at that moment: 
anti-Mi2, anti-SRP, anti-synthetase antibodies (ASA, including anti-Jo1, 
-PL12, -PL7, -OJ). This group also described clinical features associated 
with each MSA subgroup, including the association of the 
anti-synthetase antibodies with interstitial lung disease (ILD), fever, 
arthritis, mechanic’s hands and myositis (today referred to as the 
“anti-synthetase syndrome”[ASS]) and the association of anti-Mi2 with 
a classical DM with typical skin rash and good response to immuno-
suppressive therapy. In the nineties, two other groups proposed IIM 
classifications with MSA included [21,22]. In both proposals, MSA 
positivity was not intended for subclassification but rather served as one 
of the diagnostic criteria for use in epidemiological studies within a total 
set of nine and six criteria in the respective studies. Of note, these 
classifications included only a very limited set of the MSA because 
laboratories did not test for all specificities known at that time [21,22]. 

The next important steps towards a clinico-serological classification 
were the proposals of Troyanov and colleagues [23–25]. Their proposals 

Fig. 1. Proposed criteria for IIM in relation to MSA discovery (adapted from Ref. [13]). MSA were abbreviated by their target antigen. Subclassification of the 
MSA in relation to clinical subtype according to Ref. [14]. There is no consensus on whether anti-CN1A should be considered an MSA or an MSA. DM: dermato-
myositis; IMNM: immune mediated necrotizing myopathy; IBM: inclusion body myositis; ASS: anti-synthetase syndrome; EULAR/ACR: European League Against 
Rheumatism and American College of Rheumatology; ENMC: European Neuromuscular Centre. 

C. Bonroy et al.                                                                                                                                                                                                                                 



Journal of Translational Autoimmunity 5 (2022) 100148

3

did not take into account histopathological features but considered 
clinical overlap features as the core of their classification. Additionally, 
they used a large set of autoantibodies to distinguish pure DM, overlap 
myositis with DM features, overlap myositis, IMNM, IBM and PM. Ac-
cording to their definition, the presence of myositis in combination with 
‘overlap antibodies’ (anti-CENP-B, -Scl70, -Th/To, -RNA polymerase III, 
-PM/Scl, -U1RNP, -Ku, ASA, -SRP and -HMGCR) and/or ‘overlap clinical 
features’ was sufficient to define ‘overlap myositis’ and exclude PM and 
DM. The presence of DM-specific antibodies (anti-Mi2, -NXP2, -SAE, 
-TIF1γ, and -MDA5) defined DM. Around the same period another 
clinico-seropathological approach was proposed by Benveniste and 
colleagues [14,17]. They retained 4 subgroups in IIM defined by auto-
antibody presence: overlap myositis was associated with ASA or sys-
temic sclerosis-associated antibodies (anti-PM/Scl, anti-Ku, 
anti-U1RNP), DM was associated with anti-Mi2, anti-SAE, anti-NXP2, 
anti-TIF1γ and anti-MDA5, IMNM was associated with anti-HMGCR 
and anti-SRP and IBM was associated with anti-CN1A. In their view, 
which is in line with the idea of Troyanov and colleagues, the ‘classic’ 
PM group is an overdiagnosed entity and should be abandoned as most 
of these patients can be reclassified in ASS, IMNM or IBM if the auto-
antibodies are taken into account [14]. 

3. Scientific basis for inclusion of MSA in the disease criteria and 
their role in classification since 2017 

Today, the clinical utility of MSA detection, and to a lesser extend 
also MAA detection, is highly acknowledged by IIM experts. Neverthe-
less, before 2017 the inclusion of the autoantibodies in the disease 
criteria were mostly derived empirically and were not supported by 
large international studies (Table 1). In 2017, the European League 
Against Rheumatism (EULAR) and American College of Rheumatology 
(ACR) jointly presented new EULAR/ACR classification criteria for adult 
and juvenile IIM in which they distinguish 4 groups: PM, (J)DM, IBM 
and amyopathic DM. The subgroup of PM patients includes patients with 
IMNM [26]. A set of 93 candidate variables for analysis in IIM cases and 
comparators were first identified from published criteria and further 
fine-tuned based on data availability and expert opinion using standard 
consensus methodology. In parallel, a glossary and definition list was 
developed for each of the variables. This candidate list also included an 
extensive list of autoantibodies including antinuclear antibodies (ANA), 
5 MSA (anti-Jo1, -Mi2, -SRP, -PL7, -PL12), 4 MAA (anti-Ku, -PM/Scl, 
-Ro52/TRIM21, -U1RNP) and 6 other anti-extractable nuclear antigens 
(anti-ENA)(anti-Ro60/SSA, -La/SSB,-CENP-B, -Scl70, -Ribo-P and -Sm). 
Of note, the glossary and definition list did not specify details on the 
antibody detection method. The association of each candidate variable 
with the diagnosis (IIM, non-IIM) was assessed by odds ratios and tested 
with the Fisher’s exact test on a set of 976 IIM and 624 comparator 
(non-IIM) cases. Final variables were selected by applying three statis-
tical approaches independently of the other: (1) a probability score, (2) a 
sum of items and (3) a classification tree. The items that finally emerged 
as potentially relevant for the prospective criteria were closely examined 
for statistical performance, clinical relevance and practicability. Statis-
tical performance was measured by classification accuracy and area 
under the receiver operating characteristic curve (AUC ROC). This 
finally resulted in a set of 16 variables from six categories which were 
assigned a weight (score) by the use of a probability score approach in 
which score values of the candidate items were estimated by multivar-
iate logistic regression. These new criteria were then internally 
cross-validated on 200 bootstrap samples and validated in independent 
cohorts. In this final list of variables only 1 autoantibody (anti-Jo1) was 
retained, but compared to the other variables assigned the highest score 
points. Whether the reasons for not retaining the other MSA/MAA from 

the candidate variables list were attributed to the lack of sufficient data 
for these autoantibodies or to inferior discriminative performance was 
not clear in the initial publication [26], but was later partially clarified 
in subsequent communications mentioning that variables with less than 
800 valid observations were not considered [27,28]. Anti-Jo1 (n =
1062) reached this criterion, but this was not the case for most of the 
other MSA/MAA (all less than 350 valid observations) reflecting the 
limited availability of the detection methods for MSA/MAA at the start 
of the study [28]. In contrast, acceptable numbers of valid observations 
were observed for ANA, anti-Ro60/SSA, anti-La/SSB, anti-U1RNP, 
anti-Sm, suggesting that these autoantibodies were not retained based 
on inferior discriminative performances [27]. However, this was not 
explicitly stated in the results. The only additional information about the 
autoantibodies in the EULAR/ACR classification criteria for IIM includes 
that anti-Jo1 should be performed with a standardized and validated test 
showing positive results. 

In the meanwhile, several independent validation studies on the 
EULAR/ACR criteria for IIM have been published, some of them also 
further elaborating on the potential of the MAA/MSA [29–31]. In the 
study of Luu et al. the impact of the addition of an extended myositis 
antibody panel (MAA/MSA), as detected by lineblot, to the criteria was 
evaluated [30]. They concluded that adding the non-anti-Jo1 MSA (no 
data on the level of individual MSA reported) as covariate could possibly 
improve the accuracy of determining the probability of IIM diagnoses 
[30].Casal-Dominguez and colleagues applied the EULAR/ACR criteria 
on a large set of 524 MSA-positive myositis patients, and observed that 
91% of them were correctly classified [31]. However, certain 
MSA-defined subgroups, including those with autoantibodies against 
HMGCR, SRP, and PL7, were frequently misclassified as non-IIM (20% of 
anti-HMGCR and 50% of anti-PL7) or as IBM (~10% of anti-SRP and 
anti-HMGCR patients). Moreover, they observed that in MSA-positive 
patients, autoantibodies outperform the EULAR/ACR-defined sub-
groups to predict clinical phenotypes, underscoring the need to include 
MSA in a revised myositis classification scheme [31]. 

The advancement in knowledge of MSA and their detection methods 
were also one of the major drivers for the European Neuromuscular 
Centre (ENMC) experts to revise their mainly clinico-pathological ori-
ented expert-based classification of IIM as was published in 2004 [32]. A 
clinico-seropathological oriented update was published for IMNM and 
DM [16,33]. The clinico-pathological ENMC IBM criteria were pub-
lished before characterization of anti-CN1A, and therefore do not elab-
orate on the role of these antibodies [34]. For IMNM, the ENMC agreed 
upon three subgroups (anti-SRP myopathy, anti-HMGCR myopathy and 
antibody negative IMNM) based on elevated serum CK levels, proximal 
muscle weakness, and the presence of anti-SRP and anti-HMGCR auto-
antibodies. Muscle biopsy was only needed in case of negative MSA 
findings; in the antibody positive subsets muscle biopsy, electromyog-
raphy (EMG) and magnetic resonance imaging were considered optional 
for further characterization of the patients. Similarly for DM, the ENMC 
updated their criteria in 2020 [33]. According to their proposal, a 
diagnosis of DM can be made based on cutaneous DM features in com-
bination with: (a) interface dermatitis on skin biopsy or (b) muscle 
features (proximal muscle weakness, elevated CK, DM-specific muscle 
biopsy features) or (c) presence of DM-specific MSA (anti-Mi2, 
anti-NXP2, anti-MDA5, anti-SAE, anti-TIF1γ). Thus, the presence of 
DM-specific antibodies excludes the need for a skin/muscle biopsy. DM 
patients with MSA are subclassified according to their antibody; DM 
without MSA are classified as autoantibody negative DM. When other 
MSA such as ASA, anti-SRP or anti-HMGCR are detected in patients with 
a DM-like rash, these antibodies overrule the classification of DM, and 
patients should be classified as ASS or IMNM with DM-like features, 
respectively. 
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Table 1 
Overview of the proposed criteria for idiopathic inflammatory myopathy with myositis-specific antibodies (MSA) included.  

Criteria 
Year 
Type 

Role of the MSA in the critera Number and identity of the MSA 
included 

Basis for MSA inclusion 

Love et al. [20] 
1990  

Clinico-serological 

No ‘inclusion’ role, rol in subclassification  

Specific MSA were linked to clinical subtype, demographic characteristics, 
HLA type and prognosis as defined by survival 

Anti-SRP 
Anti-Mi2 
Anti-ARS 

Data-driven (n = 212)  

Subgroups included: 
PM, DM, IBM, CAM and myositis overlap 

Tanimoto et al. [21] 
1995  

Clinico-serological 

Diagnostic criterion (1 out of 9) Anti-Jo1 (Anti-Ku, anti-U1RNP, anti-SSA also 
analyzed but not retained) 

Data-driven (n = 341 PM/DM; n = 381 controls [SSc, SLE, neuromuscular 
diseases])  

Retrospective questionnaire-based study amongst rheumatologist, 
dermatologists, neurologists 

Targoff et al. [22] 
1997  

Clinico-serological 

Diagnostic criterion (1 out of 6)  

Net effect of the addition of MSA is that diagnosis of definite PM without 
muscle biopsie 

Anti-SRP 
Anti-Mi2 
Anti-ARS 

Expert-based/literature-driven  

Modification of the Peter and Bohan (PM/DM) criteria with inclusion of the 
newer diagnostic modalities (MSA and MRI) 

ENMC IIM [32] 
2003  

Clinico-(sero) pathological 

Inclusion criterion, not for subclassification 
Focus was on immunohistological patterns (required biopsy in all cases) 

MSA only limitedly represented and not 
specified 

Expert-based consensus guideline 
Subgroups included: 
IBM, PM, DM, ADM, possible DM sine dermatitis, non-specific myositis and 
IMNM 

Troyanov et al. [18] 
2005  

Clinico-serological 

Core of criteria = clinical overlap features (no histology)  

Presence of clinical overlap features and/or ‘overlap Ab’ define overlap 
myositis (exclude PM/DM)  

Exception: anti-Mi2 defines DM  

Classification was shown to predict response to immunosuppression and IIM 
course 

‘Overlap Ab’ = MSA/MAA and SSc-Ab  

MSA: ARS, anti-Mi2, -SRP 
MAA: anti-PM/Scl, -U1-RNP, -Ku 
SSc-Ab: anti-CENP-B, -Scl70, -Th/To, -RNA 
polymerase III 

Data-supported (n = 100 IIM)  

Subgroups: Overlap myositis, DM, PM 

Troyanov et al. [24] 
2014  

Clinico-serological 

MSA used for subdifferentiation of DM  

Presence of DM-specific antibodies/absence of ‘overlap Ab’ define pure DM 

DM-specific MSA (anti-Mi2, anti-TIF1γ, anti- 
NXP2) 

Data-supported (n = 100 IIM, including 44 DM)  

Subgroups included: pure DM and overlap myositis with DM features 

Senecal et al. [25] 
2017  

Clinico-serological 

Classification/subdifferentiation in more subsets (IBM/IMNM) Antibodies of Troyanov (2014) expanded 
with: 
MSA: anti-MDA5, -HMGCR 
DM-specific MSA: anti-SAE 
SSc-Ab: anti-fibrillarin 

Expert-based expansion of the Troyanov 2014 criteria supplemented with 
more Ab/more subsets  

Subgroups: Overlap myositis, DM, PM, IBM, IMNM 

Benveniste et al. [14] 
Mariampillai et al. [17] 
2016  

Clinico-seropathological 

MSA/MAA are used to create 4 subgroups of IIM MAA: ARS, anti-PM/Scl, -Ku, -U1RNP, - Ro52  

DM-specific MSA: Anti-Mi2, -TIF1γ, -NXP2, - 
SAE, -NXP2, -MDA5  

IMNM MSA: anti-SRP, -HMGCR 
IBM MSA: anti-CN1A 

Initially expert-based/literature-based but later confirmed on data  

Subgroups included: overlap myositis (incl. ASS), DM, IMNM, IBM 

EULAR [26] 
2017  

Clinico-(sero) 
pathological 

MSA is an inclusion criterion in the score system (1 out of 16)  

MSA assigned the highest score points 

Anti-Jo-1 Data-driven (976 IIM and 624 non-IM cases in an international multicenter 
study (42 centers))  

Subgroups included: PM, IBM, (A)DM, (J)DM 

Expert-based consensus guideline 

(continued on next page) 
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4. Reliability of the different methods and/or assays 

Next to CK levels, EMG and muscle biopsy, MSA/MAA detection 
plays already an important role in clinical practice in diagnosis as well as 
subclassification of IIM. Moreover, MSA/MAA analysis have the poten-
tial to overrule ‘classic’ criteria of IIM diagnosis such as biopsy. This 
expanding role obviously demands reliable and routinely applicable 
MSA/MAA assays. Conventional techniques, such as protein- and RNA 
immunoprecipitation (P-IP, RNA-IP), western blotting (WB), and double 
immunodiffusion (DID) have historically been used to identify and 
characterize the MSA/MAA. At present, however, these conventional 
techniques are confined to research laboratories as they require a high 
level of expertise, are labour-intensive and take weeks to complete. 
Today, there is an expanding list of commercially available options 
(mostly lineblots and dotblots) for multiparameter MSA/MAA detection, 
which represent easy accessible alternatives for the above-mentioned 
conventional techniques. Moreover, novel technologies are currently 
being validated (e.g. particle-based multi-analyte technology [PMAT]) 
[35]. These assays are, however, not standardized or even harmonized. 
They use various techniques and antigen sources, and represent 
important challenges for validation/verification, especially in a rare 
disease context with low and diverse autoantibodies. For an extensive 
review on these challenges related to validation/verification of MSA/-
MAA tests see Ref. [12]. 

A large number of studies evaluating commercial platforms for MSA/ 
MAA detection are already published. Here we discuss a selection of 
them to illustrate the current challenges related to the application of 
these assays in clinical routine practice. Despite that MSA were origi-
nally characterized as highly disease-specific and specifically linked to 
certain clinical subsets of the disease, this does not seem to hold for all 
antibodies and for all platforms. This is especially the case if data were 
generated on more generalized cohorts (such as healthy controls or 
consecutive routine cohorts) instead of delineated control cohorts of 
SARD patients. At least three studies documented that line/dot blots 
suffer from limited specificity [36–38]. Tansley et al. reported that 16% 
and 9.7% of healthy controls tested positive for MSA on lineblot and 
dotblot, respectively [36]. For lineblot, false positive results were 
generally low titer and false positive samples on both line/dot blot more 
often showed multiple autoantibody positivity [36]. Vulsteke et al. 
evaluated 2 lineblots and 1 dotblot and found differences in specificity 
between manufacturers and between individual antibodies [37]. MSA in 
healthy controls were detected in 12.5% by lineblot and in 2.5% by 
dotblot, with individual frequencies of the antibodies ranging from 0 to 
9.2% [37]. Bundell et al. reported MSA/MMA reactivity in 22% of 
healthy controls (9% MSA, 14% MAA), and based on their results they 
suggested the use of locally-established reference ranges based on the 
99th percentile of healthy individuals [38]. In contrast, not all studies 
using lineblot seem to confirm these observations. Espinosa–Ortega 
et al. reported a specificity of 99.7%. However, detailed analysis of their 
report shows that MSA were found in 3 out of a set of 60 healthy con-
trols, for which we calculate a corresponding specificity of 95% instead 
of 99,7% [39]. This clearly illustrated that specificity calculations differ 
over studies (some probably taking the number of MSA measurements as 
the denominator instead of the number of samples) [39]. Specificity 
issues were also documented in consecutive routine cohorts with diag-
nostic workup in the context of IIM suspicion, with the study of Piette 
et al. as an example [40]. MSA (as detected by a combination of two 
assays) were observed in 7.9% of patients that were finally categorized 
as not having the disease (combined specificity 92%, lineblot specificity 
97%, dotblot specificity 95%) [40]. The frequency of MSA/MAA as 
detected by lineblot documented in SARD control groups ranges be-
tween 4% and 8% [41,42]. For PMAT, 6% positivity for at least one MSA 
(mostly low levels) was observed in the control group consisting of both 
diseased controls and healthy donors (n = 200) [35]. 

Another point of concern is the variability observed between com-
mercial assays. Piette et al. documented that in a combined consecutive Ta
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routine/diseased control cohort (n=214) with clinical data available 22 
out of a total of 36 MSA positive results could not be confirmed with an 
alternative assay [40]. Discrepancies were seen concerning both the 
novel autoantibodies, as well as the established autoantibodies, with 
discrepancies most apparent for anti-TIF1γ (ĸ = − 0.021), anti-SRP (ĸ =
− 0.006) and anti-SAE (ĸ = 0.395). Differences between assays were 
mostly observed in non-IIM patients, in whom also significantly lower 
blot signal intensities were found compared to IIM patients (p = 0.0013) 
[40]. Nevertheless, differences in reactivities between manufactur-
ers/methods were also observed in IIM patients, with the most pro-
nounced differences documented for anti-TIF1γ [37,40,43]. 

Concerns were also raised on the concordance of commercial plat-
forms with the conventional techniques. Historically, IP was used to 
identify and characterize MSA/MAA in relation to clinical observations, 
and therefore often considered the reference method. Accordingly, it is 
important that commercial assays are compared with IP. In the study of 
Ghirardello and colleagues, a general concordance rate of 91% was re-
ported between IP and lineblot [42]. Others documented that the 
agreement between IP and commercial assays is dependent on the 
commercial method as well as the antibody [36,44,45], but the results in 
these studies did not identify the same ‘problem’ antibodies. In the study 
of Cavazzana comparing IP with PMAT and lineblot, with focus on the 
antibodies to EJ, SRP, Jo1, NXP2, MDA5, TIF1γ, and Mi2, the PMAT 
assay showed a slightly better overall correlation with IP (ROC with IP 
used as reference: PMAT AUC = 0.83, 95% confidence interval [CI] 
0.70–0.95 vs. lineblot AUC = 0.70, 95% CI 0.56–0.84), while kappa 
agreement was strongly dependent on the type of autoantibody [44]. For 
example, for anti-TIF1γ a good agreement between IP and lineblot, and 
between IP and PMAT was documented in the studies of Cavazzana and 
colleagues, while in the more recent study of Tansley, in which only 
IP-positive samples were included, both lineblot and dotblot were found 
unreliable for detecting anti-TIF1γ [36,44,45]. Low sensitivity for 
anti-TIF1γ on lineblot compared to IP was also reported by 
Espinosa-Ortega and colleagues [39]. For some antibodies, for example 
anti-OJ, the commercial assays are considered not suitable, a short-
coming probably linked to the presence of conformational epitopes [36, 
46]. It should be noted, however, that also IP may have shortcomings 
and these assays are not harmonized. Indeed, some workers used K562 
cells while others used HeLa cells and it is not unlikely that autoantigen 
configurations in the extracts vary between cell lines as well as culture 
conditions [47]. Some IP studies even use cells that have been trans-
fected with the target antigen in order to increase sensitivity [48]. Some 
autoantibodies are also indistinguishable on P-IP due to identical mo-
lecular weight, and IP should therefore be supplemented with other 
techniques such as ELISA or western blotting, e.g. anti-MDA5 and NXP2 
antibodies both having a molecular weight of 140kD [39]. Moreover, 
although IP is often considered the gold standard, differences between IP 
and the commercial test do not necessarily reflect superiority of IP and 
definition of the ‘correct’ assay might be influenced by the patient 
population as well as the clinical association that was selected to vali-
date the assay (e.g. diagnosis of DM, or link with malignancy). Within 
this context, it must also be mentioned that in most studies using IP 
(both in the historical studies as well the more recent comparative 
studies) no or only very few disease controls were included. Therefore, 
information on the trade-off between sensitivity and specificity for IP is 
scarce. Further studies in large numbers of patients with careful clinical 
characterization as well as diseased controls analyzed on both com-
mercial test as well as IP are necessary to answer this question on 
eventual superiority. An advantage of IP compared to solid phase assays 
is that IP detects antibodies that react to conformational epitopes. 

Finally, users of the commercial platforms must be aware that dif-
ferences may occur in the antigens included in the assays, and that none 
of the current commercially available tests contain the whole spectrum 
of established MSA/MAA. For example, some assays contain anti-OJ, 
anti-CN1A and/or anti-HMGCR, while not being present on other plat-
forms. Geographical differences in antigen selection within one 

commercial method may also occur, probably related to commercial 
patent limitations. Moreover, some assays contain variants on a partic-
ular antigen, either alone or in combination. This is for instance the case 
for anti-Mi2 (anti-Mi2α and anti-Mi2β), anti-SAE (anti-SAE1 and anti- 
SAE2), and anti-PM/Scl (anti-PM/Scl75 and anti-PM/Scl100), poten-
tially impacting the results. The reasons for targeting variants on these 
particular antigens are in fact not very clear and published data on the 
added value are scarce. Contradictory results have been published on 
the added value of detecting both anti-Mi2α and anti-Mi2β [49,50] In a 
recent study comparing IP vs. lineblot detecting both anti-Mi2α and 
anti-Mi2β, it was shown that the diagnostic contribution of combined 
reactivity (positive predictive value with IP as a reference was 96%) was 
higher than the contribution of isolated reactivity. Isolated positivity for 
just anti-Mi2β was more frequently false positive (positive predictive 
value of 7%) compared to isolated positivity for anti-Mi2α (positive 
predictive value of 62%) [49]. In contrast, Richards and colleagues 
concluded that the detection of anti-Mi2β as detected by PMAT was 
sufficient, as all anti-Mi2α positive patients also reacted with Mi2β 
(while some of them were negative on lineblot) [50]. To our knowledge 
no studies on the importance of differentiating anti-SAE1/SAE2 are 
available. For PM/Scl antibodies, the diagnostic contribution of sub-
differentiation was mainly studied in systemic sclerosis patients 
[51–53]. For IIM, a lower specificity for anti-PM/Scl75 compared to 
anti-PM/Scl100 (94.6%–95.4% vs. 96.7%–97%) was documented [37, 
54]. Larger studies are needed to evaluate whether subdifferentiation on 
these particular antibodies has added value in significantly improving 
diagnostic performance and/or allowing further relevant clinical sub-
differentiation. Some authors also reported on multiple reactivities on 
lineblot despite MSA being principally mutually exclusive [45,55,56] 
and on temperature-dependent variability of the results [41]. 

From the above overview of the limitations of the commercial assays, 
it must be clear that the application of these multiparameter assays in 
routine care as well as in multicenter studies is not without challenges. 
Obviously, assay variability impacts diagnostic and prognostic classifi-
cation, and might even add an extra layer of complexity in the chal-
lenging diagnosis and classification of a heterogeneous disease such as 
IIM. In this context, the concerns raised tempt the design of retrospective 
studies on large datasets missing details on the MSA/MAA detection 
method (e.g. for defining future classification/disease criteria). More-
over, even if this information is readily available this may not overcome 
the hurdles as it will be provocative how to handle the variability. For 
future prospective studies variability of assays should be taken into ac-
count and anticipated upon already when designing the study protocol. 
Thereby, close collaborations between IIM clinical experts, laboratory 
professionals and diagnostic companies will be of utmost importance. 

Some authors already suggested minimal actions to improve the 
quality of the assays such as the integration of quality control procedures 
(e.g. participation in external quality control programs and the inclusion 
of internal quality control material) [57,58], adapting the cut-off values 
[38,45,57,59] and correlating with the IFA pattern [40,59]. Automated 
reading of the line/dot blot is also of utmost importance to improve 
reproducibility. Moreover, it must be mentioned that differences 
depending on wet versus dry reading of the lineblot strips may occur 
[57]. Clearly, these suggestions may represent a relevant step toward 
harmonization of MSA/MAA detection. However, none of these sug-
gestions have been proven all-encompassing to solve the issues raised. 
For instance, generally increasing the cut-offs to only regard samples 
with moderate and high reactivity as positive will also affect individual 
antibody specificities differently with the risk of missing clinically sig-
nificant cases such as patients presenting with amyopathic dermato-
myositis and rapidly progressive ILD with low level anti-MDA5 [57]. 

5. Position of MSA/MAA detection in reflex testing of the clinical 
laboratory 

The last decades, autoantibody requests in general have increased 
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tremendously in the clinical routine lab. From being tests requested only 
by SARD/IIM-experts, we are now faced with a wide spectrum of re-
questers. This clearly impacts overall pre-test probability of having 
SARD/IIM, which implies in a context of a rare disease with low anti-
body frequency a high chance of having false positive results (which is 
even more challenging for antibodies with specificity issues). In the 
clinical laboratory pre-test probability might be improved by limiting 
testing to patients fulfilling a set of predefined symptoms (e.g. DM- 
specific MSA on patients with a DM-like skin rash only) or alterna-
tively by elaborating the autoantibodies by the use of testing algorithms. 
Of note, the appropriateness of requesting MSA/MAA testing (and po-
tential solutions) was recently addressed in an ENMC workshop (8–10th 
October 2021), and an expert-based guideline on this topic amongst 
others is currently being prepared for publication. Regarding selective 
analysis based on symptoms, routine clinical laboratories are often 
blinded from this information and expert-based recommendations on 
this topic are currently lacking for IIM. In contrast, testing algorithms for 
autoantibody testing are widely applied. In general most laboratories 
screen for ANA by indirect immunofluorescence (IIF) on HEp-2 cells 
[60]. This technique offers a first clue to the presence of autoantibodies 
directed against various nuclear and/or cytoplasmic antigens [64]. 
Additionally, IIF can provide useful information on the immunofluo-
rescence pattern and intensity [60]. Certain immunofluorescence pat-
terns are predictive for the presence of disease specific autoantibodies 
(e.g. a centromere pattern for anti-centromere antibodies in systemic 
sclerosis, and a fine speckled cytoplasmic pattern for ASA in ASS) 
[60–66]. In case of positive HEp-2 IIF, it is recommended to perform 
specific solid phase immunoassay tests for anti-ENA [62,67,68], 
whether or not with an intermediate pooled anti-ENA screening test, 
creating a three step cascade testing algorithm [69]. Despite still being 
regarded as the best screening test for most SARD, HEp-2(000) IIF is, 
however, not suited for MSA screening as the technique lack sensitivity 
for some of the MSA (e.g. for ASA, anti-MDA5 and anti-HMGCR) [12,62, 
70–72]. Furthermore, since antibodies against cytoplasmic antigens are 
by definition not anti-nuclear, there is no strict consensus on reporting 
non-nuclear patterns as a negative or positive test result [60,73,74]. Of 
note, in case screening for ANA is done using a solid phase assay with 
pooled antigens one should be aware that most of the current tests 
contain only a very limited set of MSA/MAA (mostly only anti-Jo1, in 
some assays also anti-Mi2). Consequently, in case of suspicion of IIM, 
neither HEp-2 IIF nor solid phase ANA screenings assays with pooled 
antigens represent a good screening option, implying that even in case of 
negative HEp-2 IIF results MSA/MAA testing should be performed. 
However, the above arguments to overrule negative HEp-2 IIF with 
adequate reflex testing, does not imply that IIF is of no importance in 
IIM. In some studies finding a pattern on HEp-2 compatible with the 
MSA/MAA result on the specific assay improved specificity, suggesting 
that HEp-IIF can be used as a kind of confirmation test [40,66,75]. 
Moreover, IIM frequently overlaps with other SARD, most often but not 
limited to systemic sclerosis, where HEp-2 IIF remains the screening 
method of choice [70]. 

In addition to validation of the assays, standardization/harmoniza-
tion of the MSA/MAA test has been suggested the ideal approach to 
improve clinical utility of the assays. Indeed, the EULAR/ACR criteria 
for IIM state that anti-Jo1 detection should be performed by a ‘stan-
dardized and validated’ method [26]. The challenge of validation is 
addressed in the above paragraphs. The aim of standardization and 
harmonization of MSA/MAA testing is to provide accurate and compa-
rable test results for an individual patient at any time, any place [77]. 
The process of standardization and harmonization should cover all 
phases of a diagnostic test: pre-analytical (request and sample collec-
tion), analytical and post-analytical (e.g. reporting). Standardization in 
autoimmune diagnostic is challenging and one may debate whether 
standardization will ever be possible [74]. Indeed, the possibility to 
achieve standardization depends on the availability of a standard re-
agent that can be used for calibration of assays and eventually reveals 

uniform test results independent from the type of assay used (reviewed 
in Refs. [77,79]). For anti-Jo1, a reference reagent is available from the 
CDC [80]. However, this reagent, developed in the nineties, was inten-
ded to verify qualitative performance of the techniques used at that time 
(immunodiffusion, western blotting) [80]. Certified standard materi-
al/calibrators with documented commutability for anti-Jo1 are 
currently lacking and, therefore, the use of a standardized test is an 
utopia. Harmonization, seems to be the best alternative. 

6. Conclusion 

In conclusion, today the importance of MSA detection, and to a lesser 
extend also MAA detection, is highly acknowledged by IIM experts. As a 
consequence, MSA/MAA play a key role in expert-based (sub)classifi-
cation criteria. In addition, the integrated MSA even have the potential 
to overrule ‘classic’ criteria of IIM diagnosis such as biopsy in IMNM and 
DM. The role of biopsy in diagnosis/subclassification of IIM seems to 
hold only for categorization of autoantibody negative IIM and IBM, and 
in support of new discoveries on the pathophysiology. In contrast, 
under-representation of MSA/MAA in recent data-based (sub)classifi-
cation criteria is related to the lack of sufficient data on the wide spec-
trum of MSA in a large multicenter cohort (as the advancement in MSA 
knowledge and detection was only very high the last decade). Contin-
uous efforts of the different partners involved (e.g. clinical experts, 
laboratory medicine specialists and diagnostic companies) are needed to 
generate these data. 

At first sight, the availability of easy-to-use multiparameter test 
platforms seems to have paved the way to organize these studies. 
However, both retrospective as well as prospective studies to define 
criteria with MSA/MAA included will be challenged by the variability in 
commercial platforms as well as by the discrepancy with the conven-
tional techniques. To address these issues we encourage additional ini-
tiatives for harmonization of the commercial assays as well as further 
prospective validation studies of the commercial platforms on large 
cohorts. These cohorts include, ideally, both well-characterized disease 
cohorts (to cover disease heterogeneity as well as low MSA/MAA fre-
quency for the individual antibodies) and consecutive control cohorts. 
The latter being important to reflect the daily clinical practice, where 
these assays are being used in patients with a low to moderate suspicion 
of IIM. In such studies variability between the participating labs might 
be controlled and minimized by quality control programs and the use of 
digitalized reading. Alternatively, it should be even considered to 
perform all MSA/MAA detection in these studies in a single laboratory, 
to be able to document the inherent test performance characteristics per 
method independently of between-lab variability. Some authors sug-
gested antibody and method-dependent cut-off optimization as a step 
forward towards harmonization (see above). A better approach to take 
the antibody titer into account, would be the determination of antibody- 
and method-dependent test-results-interval specific likelihood ratios for 
IIM diagnosis as well as for some relevant clinical associations (e.g. 
malignancy, rapid progressive ILD) [76,78]. 

One of the aims of this manuscript is to increase awareness on the 
pitfalls related to the application of commercial MSA/MAA tests both in 
a routine clinical context as well as in studies. This need was recently 
documented by a questionnaire of the International IMACS group (In-
ternational Myositis Assessment and Clinical Studies group) amongst 
international health professionals (n = 111 participants: 76% rheuma-
tologists, 8% neurologists, 5% dermatologists, 11% other). Their report 
illustrated that many of the MSA/MAA assay users are not very familiar 
with the concerns raised in this manuscript. For example, >80% of re-
spondents reported that MSA results influenced their diagnostic confi-
dence, the information provided to the patient as well as their therapy. 
In addition, it became clear that support from the laboratory on this 
topic can be improved as only 41% of respondents received guidance 
from the lab on the interpretation of a positive test and <20% received 
guidance from the laboratory on the interpretation in case of 
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discrepancies between techniques [81]. 

Credit author statement 

Carolien Bonroy: Conceptualization, Writing – original draft. Jan 
Damoiseaux: Conceptualization Writing- Reviewing and Editing. Yves 
Piette, Xavier Bossuyt and Yves Allenbach: Writing- Reviewing and 
Editing. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

References 

[1] N.J. McHugh, S.L. Tansley, Autoantibodies in myositis, Nat. Rev. Rheumatol. 14 
(2018) 290–302. 

[2] S. Barsotti, I.E. Lundberg, Myositis an evolving spectrum of disease, Immunol. Med. 
41 (2018) 46–54. 

[3] A. Bohan, J.B. Peter, Polymyositis and dermatomyositis (first of two parts), N. Engl. 
J. Med. 292 (1975) 344–347. 

[4] A. Bohan, J.B. Peter, Polymyositis and dermatomyositis (second of two parts), 
N. Engl. J. Med. 292 (1975) 403–407. 

[5] M.C. Dalakas, Polymyositis, dermatomyositis and inclusion-body myositis, N. Engl. 
J. Med. 325 (1991) 1487–1498. 

[6] R. Griggs, V. Askanas, S. DiMauro, A. Engel, G. Karpati, J.R. Mendell, L.P. Rowland, 
Inclusion Body myositis and myopathies, Ann. Neurol. 38 (1995) 705–713. 

[7] T.E. Lloyd, A.L. Mammen, A.A. Amato, M.D. Weiss, M. Needham, S.A. Greenberg, 
Evaluation and construction of diagnostic criteria for inclusion body myositis, 
Neurology 83 (2014) 426–433. 

[8] H. Gunawardena, Z.E. Betteridge, N.J. McHugh, Newly identified autoantibodies: 
relationship to idiopathic inflammatory myopathy subsets and pathogenesis, Curr. 
Opin. Rheumatol. 20 (2008) 675–680. 

[9] Z. Betteridge, N. McHugh, Myositis-specific autoantibodies: an important tool to 
support diagnosis of myositis, J. Intern. Med. 280 (2016) 8–23. 

[10] M. Satoh, S. Tanaka, A. Ceribelli, S.J. Calise, E.K. Chan, A comprehensive overview 
on myositis-specific antibodies: new and old biomarkers in idiopathic 
inflammatory myopathy, Clin. Rev. Allergy Immunol. 52 (2017) 1–19. 

[11] I.E. Lundberg, F.W. Miller, A. Tjarnlund, M. Bottai, Diagnosis and classification of 
idiopathic inflammatory myopathies, J. Intern. Med. 280 (2016) 39–51. 

[12] J. Damoiseaux, J.B. Vulsteke, C.W. Tseng, A.C.M. Platteel, Y. Piette, O. Shovman, 
C. Bonroy, D. Hamann, E. De Langhe, L. Musset, Y.H. Chen, Y. Shoenfeld, 
Y. Allenbach, X. Bossuyt, Autoantibodies in idiopathic inflammatory myopathies: 
clinical associations and laboratory evaluation by mono- and multispecific 
immunoassays, Autoimmun. Rev. 18 (2019) 293–305. 

[13] J. Tanboon, A. Uruha, W. Stenzel, I. Nishino, Where are we moving in the 
classification of idiopathic inflammatory myopathies? Curr. Opin. Neurol. 33 
(2020) 590–603. 

[14] O. Benveniste, W. Stenzel, Y. Allenbach, Advances in serological diagnostics of 
inflammatory myopathies, Curr. Opin. Neurol. 29 (2016) 662–673. 

[15] I.E. Lundberg, A. Tjarnlund, M. Bottai, V.P. Werth, C. Pilkington, M. Visser, 
L. Alfredsson, A.A. Amato, R.J. Barohn, M.H. Liang, J.A. Singh, R. Aggarwal, 
S. Arnardottir, H. Chinoy, R.G. Cooper, K. Danko, M.M. Dimachkie, B.M. Feldman, 
I.G. Torre, P. Gordon, T. Hayashi, J.D. Katz, H. Kohsaka, P.A. Lachenbruch, B. 
A. Lang, Y. Li, C.V. Oddis, M. Olesinska, A.M. Reed, L. Rutkowska-Sak, H. Sanner, 
A. Selva-O’Callaghan, Y.W. Song, J. Vencovsky, S.R. Ytterberg, F.W. Miller, L. 
G. Rider, T.E.r. International, Myositis classification criteria project consortium, S. 
The juvenile dermatomyositis cohort biomarker, and repository, 2017 European 
League against rheumatism/American College of Rheumatology classification 
criteria for adult and juvenile idiopathic inflammatory myopathies and their major 
subgroups, Ann. Rheum. Dis. 76 (2017) 1955–1964. 

[16] Y. Allenbach, A.L. Mammen, O. Benveniste, W. Stenzel, G. Immune-Mediated 
Necrotizing Myopathies Working, 224th ENMC international workshop: clinico- 
sero-pathological classification of immune-mediated necrotizing myopathies 
Zandvoort, The Netherlands, 14-16 october 2016, Neuromuscul. Disord. 28 (2018) 
87–99. 

[17] K. Mariampillai, B. Granger, D. Amelin, M. Guiguet, E. Hachulla, F. Maurier, 
A. Meyer, A. Tohme, J.L. Charuel, L. Musset, Y. Allenbach, O. Benveniste, 
Development of a new classification system for idiopathic inflammatory 
myopathies based on clinical manifestations and myositis-specific autoantibodies, 
JAMA Neurol. 75 (2018) 1528–1537. 

[18] Y. Troyanov, I.N. Targoff, J.L. Tremblay, J.R. Goulet, Y. Raymond, J.L. Senecal, 
Novel classification of idiopathic inflammatory myopathies based on overlap 
syndrome features and autoantibodies: analysis of 100 French Canadian patients, 
Medicine 84 (2005) 231–249. 

[19] K. Mariampillai, B. Granger, D. Amelin, M. Guiguet, E. Hachulla, F. Maurier, 
A. Meyer, A. Tohme, J.L. Charuel, L. Musset, Y. Allenbach, O. Benveniste, 
Development of a new classification system for idiopathic inflammatory 

myopathies based on clinical manifestations and myositis-specific autoantibodies, 
JAMA Neurol. 75 (2018) 1528–1537. 

[20] L.A. Love, R.L. Leff, D.D. Fraser, I.N. Targoff, M. Dalakas, P.H. Plotz, F.W. Miller, 
A new approach to the classification of idiopathic inflammatory myopathy: 
myositis-specific autoantibodies define useful homogeneous patient groups, 
Medicine 70 (1991) 360–374. 

[21] K. Tanimoto, K. Nakano, S. Kano, S. Mori, H. Ueki, H. Nishitani, T. Sato, T. Kiuchi, 
Y. Ohashi, Classification criteria for polymyositis and dermatomyositis, 
J. Rheumatol. 22 (1995) 668–674. 

[22] I.N. Targoff, F.W. Miller, T.A. Medsger Jr., C.V. Oddis, Classification criteria for the 
idiopathic inflammatory myopathies, Curr. Opin. Rheumatol. 9 (1997) 527–535. 

[23] Y. Troyanov, I.N. Targoff, J.L. Tremblay, J.R. Goulet, Y. Raymond, J.L. Senecal, 
Novel classification of idiopathic inflammatory myopathies based on overlap 
syndrome features and autoantibodies: analysis of 100 French Canadian patients, 
Medicine 84 (2005) 231–249. 

[24] Y. Troyanov, I.N. Targoff, M.P. Payette, J.P. Raynauld, S. Chartier, J.R. Goulet, 
J. Bourre-Tessier, E. Rich, T. Grodzicky, M.J. Fritzler, F. Joyal, M. Koenig, J. 
L. Senecal, Redefining dermatomyositis: a description of new diagnostic criteria 
that differentiate pure dermatomyositis from overlap myositis with 
dermatomyositis features, Medicine 93 (2014) 318–332. 

[25] J.L. Senecal, J.P. Raynauld, Y. Troyanov, Editorial: a new classification of adult 
autoimmune myositis, Arthritis Rheumatol. 69 (2017) 878–884. 

[26] I.E. Lundberg, A. Tjarnlund, M. Bottai, V.P. Werth, C. Pilkington, M. de Visser, 
L. Alfredsson, A.A. Amato, R.J. Barohn, M.H. Liang, J.A. Singh, R. Aggarwal, 
S. Arnardottir, H. Chinoy, R.G. Cooper, K. Danko, M.M. Dimachkie, B.M. Feldman, 
I. Garcia-De La Torre, P. Gordon, T. Hayashi, J.D. Katz, H. Kohsaka, P. 
A. Lachenbruch, B.A. Lang, Y. Li, C.V. Oddis, M. Olesinska, A.M. Reed, 
L. Rutkowska-Sak, H. Sanner, A. Selva-O’Callaghan, Y.W. Song, J. Vencovsky, S. 
R. Ytterberg, F.W. Miller, L.G. Rider, t.E.R. International, Myositis classification 
criteria project consortium, S. The juvenile dermatomyositis cohort biomarker, and 
repository, 2017 European League against rheumatism/American College of 
Rheumatology classification criteria for adult and juvenile idiopathic inflammatory 
myopathies and their major subgroups, Arthritis Rheumatol. 69 (2017) 
2271–2282. 

[27] M. Bottai, A. Tjarnlund, G. Santoni, V.P. Werth, C. Pilkington, M. de Visser, 
L. Alfredsson, A.A. Amato, R.J. Barohn, M.H. Liang, J.A. Singh, R. Aggarwal, 
S. Arnardottir, H. Chinoy, R.G. Cooper, K. Danko, M.M. Dimachkie, B.M. Feldman, 
I. Garcia-De La Torre, P. Gordon, T. Hayashi, J.D. Katz, H. Kohsaka, P. 
A. Lachenbruch, B.A. Lang, Y. Li, C.V. Oddis, M. Olesinka, A.M. Reed, 
L. Rutkowska-Sak, H. Sanner, A. Selva-O’Callaghan, Y. Wook Song, J. Vencovsky, 
S.R. Ytterberg, F.W. Miller, L.G. Rider, I.E. Lundberg, t.E.r. International, Myositis 
Classification Criteria Project consortium, S. the Juvenile Dermatomyositis Cohort 
Biomarker, and Repository, EULAR/ACR classification criteria for adult and 
juvenile idiopathic inflammatory myopathies and their major subgroups: a 
methodology report, RMD Open 3 (2017), e000507. 

[28] I.E. Lundberg, A. Tjarnlund, Response to: ’2017 EULAR/ACR classification criteria 
for adult and juvenile idiopathic inflammatory myopathies and their major 
subgroups: little emphasis on autoantibodies, why?’ by Malaviya, Ann. Rheum. 
Dis. 77 (2018) e78. 

[29] S. Barsotti, M. Dastmalchi, A. Notarnicola, V. Leclaire, L. Dani, K. Gheorghe, 
L. Ekholm, M. Bottai, A. Tjarnlund, I.E. Lundberg, Performance of the new EULAR/ 
ACR classification criteria for idiopathic inflammatory myopathies (IIM) in a large 
monocentric IIM cohort, Semin. Arthritis Rheum. 50 (2020) 492–497. 

[30] Q. Luu, J. Day, A. Hall, V. Limaye, G. Major, External validation and evaluation of 
adding MRI or extended myositis antibody panel to the 2017 EULAR/ACR myositis 
classification criteria, ACR Open Rheumatol 1 (2019) 462–468. 

[31] M. Casal-Dominguez, I. Pinal-Fernandez, K. Pak, W. Huang, A. Selva-O’Callaghan, 
J. Albayda, L. Casciola-Rosen, J.J. Paik, E. Tiniakou, C.A. Mecoli, T.E. Lloyd, S. 
K. Danoff, L. Christopher-Stine, A.L. Mammen, Performance of the 2017 EULAR/ 
ACR classification criteria for inflammatory myopathies in patients with myositis- 
specific autoantibodies, Arthritis Rheumatol. (September 2 2021), https://doi.org/ 
10.1002/art.41964. Epub ahead of print. PMID: 34480833. 

[32] J.E. Hoogendijk, A.A. Amato, B.R. Lecky, E.H. Choy, I.E. Lundberg, M.R. Rose, 
J. Vencovsky, M. de Visser, R.A. Hughes, 119th ENMC international workshop: 
trial design in adult idiopathic inflammatory myopathies, with the exception of 
inclusion body myositis, 10-12 October 2003, Naarden, The Netherlands, 
Neuromuscul. Disord. 14 (2004) 337–345. 

[33] A.L. Mammen, Y. Allenbach, W. Stenzel, O. Benveniste, E.t.W.S. Group, 239th 
ENMC international workshop: classification of dermatomyositis, Amsterdam, The 
Netherlands, 14-16 December 2018, Neuromuscul. Disord. 30 (2020) 70–92. 

[34] M.R. Rose, E.I.W. Group, 188th ENMC international workshop: inclusion body 
myositis, 2-4 December 2011, Naarden, The Netherlands, Neuromuscul. Disord. 23 
(2013) 1044–1055. 

[35] M. Mahler, K. Malyavantham, A. Seaman, C. Bentow, A. Anunciacion-Llunell, M. 
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