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Abstract

Anti-Melanoma Differentiation-Associated gene 5 (MDA-5) Dermatomyositis (MDAS, DM) is a recently identified subtype
of myositis characteristically associated with Rapidly Progressive Interstitial Lung Disease (RP-ILD) and unique cutaneous
features. We reviewed PubMed, SCOPUS and Web of Science databases and selected 87 relevant articles after screening
1485 search results, aiming to gain a better understanding of the pathophysiology, clinical features, diagnosis, and treatment
approaches of anti-MDA-5 DM described in the literature. The etiopathogenesis is speculatively linked to an unidentified
viral trigger on the background of genetic predisposition culminating in an acquired type I interferonopathy. The clinical
phenotype is highly varied in different ethnicities, with new clinical features having been recently described, expanding
the spectrum of cases that should raise the suspicion of anti-MDA-5 DM. Unfortunately, the diagnosis is frequently missed
despite excessive mortality, calling for wider awareness of suspect symptoms. RP ILD is the major determinant of survival,
treatment being largely based on observational studies with recent insights into aggressive combined immunosuppression
at the outset.

Keywords Dermatomyositis - Myositis - Phenotype - Interstitial lung disease - Genetic predisposition - Autoantibodies -
Immunosuppression

Introduction

Our understanding of Dermatomyositis (DM) as a disease

entity with classic skin rashes and skeletal muscle involve-
ment [1, 2] has transformed into a heterogeneous disease
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with a wide array of systemic manifestations. There are
many faces of DM within both juvenile and adult subtypes,
ranging from classic DM, clinically hypo- and amyopathic
DM (CADM), and cancer associated DM, to the more
recently described forms such as anti-melanoma differenti-
ation-associated gene 5 (MDAS) DM with rapidly progres-
sive (RP) Interstitial Lung Disease (ILD).

The clinical spectrum of the Immune-Mediated Inflam-
matory Myopathies (IMIM) is broad and is largely defined
by the presence of characteristic myositis-specific and
associated antibodies (MSA, MAA)[3]. Anti-MDAS5 DM
is of variable frequency ranging from 7 to 10% in Euro-
pean cohorts to 25% in the Japanese amongst adult DM [4,
5]. Similarly, in children, the prevalence is around 10-40%
of juvenile DM cases [6, 7]. Anti-MDAS5 DM is typically
associated with unique and varied cutaneous features (e.g.
cutaneous and oral ulcerations, painful palmar papules and
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macules) and RP ILD, often on a background of modest
muscle involvement with an aggressive course and high
early mortality. Initial reports of anti-MDAS DM arose from
Japan with the description of CADM with a novel autoan-
tibody that immunoprecipitated a polypeptide of ~ 140 kd
labelled as the CADM-140 autoantigen [8]. The target anti-
gen was later recognized as the Ribonucleic Acid (RNA)
helicase encoded by the melanoma differentiation-associated
gene 5, a protein involved in the innate immune response.
These patients typically had RP ILD with a poor response
to treatment. After initial suggestions of a milder disease in
Caucasians, a biphenotypic spectrum was identified in cases
reported from the United States.

Notably, the acute presentation of the disease with pre-
dominant lung involvement may result in a delay in diagno-
sis due to overlap of the clinical picture with other causes
of acute pneumonitis such as infections, hypersensitivity
pneumonitis, drug and toxin induced, among other causes.
Emerging insights suggest a benefit in survival with early
and aggressive treatment with a combination of immu-
nosuppressants [9—11]. Most recently, a comparison with
Coronavirus disease 2019 (COVID-19) has led to some
fascinating insights into this enigmatic disease. Due to the
rapidly changing paradigm due to new discoveries relevant
to this rare condition, we reviewed the literature to discuss
the salient features and summarize the current understand-
ing of anti-MDAS5 DM by collating evidence from around
the globe.
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Fig. 1 Flowchart of studies selected to inform the review
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Methodology

An electronic search strategy across three databases was
performed as per Gasparyan et al. [12]. Articles available
on MEDLINE, SCOPUS and Web of Science, published
anytime till 26th November, 2020, were reviewed using the
following search words: (“dermatomyositis” OR “DM”)
AND (“MDA5” OR “anti-CADM-140” OR “Melanoma
Differentiation Antigen” OR “RP ILD”), “Rapidly pro-
gressive Interstitial lung disease AND dermatomyositis”,
“MDAS5 AND malignancy”, “MDAS AND treatment”. Of
the 408, 467 and 589 articles obtained, respectively, in
each database, articles in language other than English were
excluded (Fig. 1). No restrictions were applied based on
the age or method of detection of the anti-MDAS5 anti-
body [13]. After an initial screening of titles and abstracts,
relevant articles were retained. The qualifying full-text
publications and their citations were carefully reviewed
to determine whether information on the topic of interest
was included.

All these articles were subsequently filtered by two co-
authors (PM and LG) to select only those that met the
objectives of this review, resulting in 87 articles. Addi-
tional information pertaining to specific sections was
obtained through an individualized search strategy: initial
history and reporting of cases of CADM with high mortal-
ity, analogy between anti-MDAS5 DM and COVID-19, and
pathogenesis and genetics of DM.

Articles selected for
detailed review after
screening of title and

abstract-87

After exclusion of
—
duplicates- 816
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History and pathogenesis

The initial reports of a subset of amyopathic DM with RP
ILD from Japan in the early 1990s reported poor outcomes
despite aggressive immunosuppression (Fig. 2) [14, 15]. In
a seminal paper, Sato et al. reported a new antibody against
a 140 kD polypeptide by immunoprecipitation and immuno-
blotting (against CADM 140 antigen) in 50-70% of CADM
[13]. This opened the Pandora’s box for subsequent work on
this new entity. The CADM 140 antigen was subsequently
demonstrated to be identical to MDAS described previously
[16, 17]. MDA-5 is a Retinoic Acid Inducible Gene-1 (RIG-
1)-like receptor coded by IFIH1 (interferon-induced helicase
C domain-containing protein 1) gene that recognizes double
stranded (ds) RNA of viruses and induces a type I interferon
response through various intermediaries. The exact patho-
genesis is not known and a role of infections and environ-
mental factors superimposed on a genetic susceptibility has
been proposed [18] (Fig. 3).

Infections

Viral infections are believed to induce autoimmunity and
may be the eliciting event in the pathogenesis of myositis.
RNA viruses such as the coxsackie and parvovirus B19 have
been implicated in causation of DM in the past [19, 20].
MDAS is a cytosolic viral RNA sensor that normally triggers
an innate response and subsequent production of cytokines
[interferon (IFN), tumor necrosis factor alpha (TNF),

Japanese reports of CADM CADM 140 antigen was
with RP ILD with poor identical to MDA-5
outcomes
1990 2005 2009 2011

Sato et al discovered a novel
antibody Anti-140kD polypeptide in
8 patients of CADM of which 50%
had RPILD

Fig.2 Timeline depicting the discovery and evolution of the disease
phenotype of anti-MDAS5 DM. CADM clinically amyopathic dermato-
myositis, RP rapidly progressive, /LD interstitial lung disease, MDAS5

Western cohorts RA/ASSD
like disease

interleukin 1 (IL-1), IL-6, IL-18], activation of macrophages
and helper T cells. Although, direct evidence of a specific
viral trigger is lacking, it is hypothesized that RNA viruses
may upregulate MDAS expression in tissues, and the subse-
quent viral replication and cell lysis would release MDAS
or a viral-MDAS5 complex with resultant autoantibody pro-
duction against it (Figs. 2, 3). The autoimmune response
may further perpetuate cell injury, exposure of self-antigens
and subsequently maladaptive immune response resulting
in disease [16, 21, 22]. Thus, anti-MDAJS antibodies can be
a byproduct of the above process or may have a pathogenic
role. The latter is supported by recent studies in which anti-
MDAS antibody concentrations correlate with the presence
of RP ILD as well as relapses [23]. Furthermore, markers
of macrophage activation like ferritin, IL-18 and sCD206
(marker of M2 polarization) correlate with severity of dis-
ease and poor prognosis entailing that macrophages and thus
innate immunity plays an important role in the pathogenesis
of disease.

A striking similarity in increasingly being recognized
between severe COVID-19 and anti-MDAS DM with a
similar involvement of the lung, skin rashes, fever, fatigue
and myalgia. Notably, similar blood cytokine profiles with
elevated ferritin and C-reactive protein (CRP) supports the
idea that severe COVID-19 may resemble a human model
of anti-MDA DM [24-26]. The hyperinflammatory response
triggered by COVID-19 in susceptible individuals culmi-
nates in widespread endothelial dysfunction, vasculopathy
and thrombotic manifestations with a pathophysiologic over-
lap with anti-MDAS DM [27]. The radiological picture of

Phenotype similar to
East Asian cohorts
subsequently
identified in Spain
and North America

Anti-MDAS
DM

,«[Mmmrheum atologic Cutaneous
vasculopathy

2014 2014

Cluster analysis of a large
French cohort- 3 distinct
phenotypes

melanoma differentiation-associated gene 5, RA rheumatoid arthritis,
ASSD anti synthetase syndrome
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Fig.3 Proposed pathogenesis of anti-MDAS5 DM. In individuals with
a particular genetic factors (HLA or non-HLA), an unknown viral
trigger can lead to sensing of the viral double stranded Ribonucleic
Acid (dsRNA) by cytoplasmic Pattern Recognition Receptors (PRR)
like Melanoma Differentiation-Associated gene 5 (MDAS)/Reti-
noic Acid Inducible Gene-1 (RIG-1). This in turn results in activa-
tion of mitochondrial antiviral signaling protein (MAVS) which in
conjugation with TNF Receptor associated factors (TRAF) recruits
Tank binding kinase-1 (TBK-1) and IBK kinase (IKK). These then

COVID-19 pneumonia is comparable to ILD in anti-MDAS5
DM, with frequent presence of diffuse ground glass opaci-
ties (GGO) suggestive of peribronchovascular consolida-
tions. Both these diseases might be treated with high-dose
steroids, immunosuppressants and anti-cytokine therapy.
A recent report identified antibodies against immunogenic
epitopes with high sequence identity to severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) in patients of
DM, suggesting a role of latent viral infection and molecular
mimicry in the pathogenesis of DM [28]. Recent reports of a
high flare and admission rate among patients with myositis
during the pandemic create the case to explore this specula-
tive hypothesis [29-31].

Genetics

Human Leukocyte Antigen (HLA)-DRB1*0101/%0405 and
DRB1%0401/%12:02 are associated with susceptibility to
anti-MDA-5 DM in the Japanese and Han Chinese [32, 33].
Both these alleles contain a shared amino acid sequence
QRRAAA at positions 70-74 of the betal subunit of the
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Systemic Autoimmunity

result in phosphorylation and activation of transcription factors-
Interferon Regulatory factors (IRF) 3 and 7. These translocate into
the nucleus and trigger type-1 interferon production. Virus induced
cell injury and lysis, may result in release of viral-MDAS5 complexes/
MDAS. These complexes can be recognized by antigen presenting
cells (APCs) and with a subsequent activation of helper T cells and B
cells, production of autoantibody against MDAS. Activated cells and
autoantibodies enter the systemic circulation and encounter autoanti-
gens resulting in a systemic autoimmune response

HLA DR molecule, suggesting that these may be important
in antigenic peptide presentation and the production of anti-
MDAS antibodies. However, when a focused HLA analysis
was conducted across 2582 Caucasian cases of IMIM across
Europe through the Myositis Genetics Consortium (MYO-
GEN), no significant association was found between classic
HLA alleles and anti-MDAS5 DM [34].

A recent multicentric GWAS study conducted involv-
ing 592 patients of IMIM identified an association between
a variant of WDFY4 and CADM. The splicing mutation
resulted in increased expression of truncated variant of
WDFY4 that showed increased interaction with pattern rec-
ognition receptors including MDAS and resultant NF-kB
overactivation and apoptosis. Since 70% of CADM in this
study were anti-MDAS positive with co-immunoprecipita-
tion of sera from these individuals with truncated WDYF4
protein, this variant may play a role in the susceptibility to
anti-MDAS DM. This association was not significant when
examined in the 21 European patients of CADM, although
this could have possibly been due to lack of statistical power
owing to smaller sample size [35].
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Environmental

A detailed epidemiologic study from Japan revealed that
cases of anti-MDAS DM were clustered in the rural areas
around the Kiso river with a link to detection of Coxsackie
virus in the water with a seasonality from October to March
[36, 37]. Similar case clustering has been reported around
the Yangtze river in the Jiangsu province in China. These
observations may explain a higher prevalence of this subtype
of DM in South East Asia. A suggested role of environmen-
tal antigenic triggers to autoimmunity in the genetically pre-
disposed is further consolidated by these studies, paving the
way for larger epidemiological exploration. Following the
eliciting trigger, a cascade of events leads on to a cytokine
storm with predominant type 1 interferon signature as sup-
ported by the Interferon stimulated gene (ISG15) metric
and MxA protein in muscle biopsies of patients [38].

The cytokine profile in patients with anti-MDAS DM fur-
ther supports an upregulated interferon axis (IFN-y, IFN-a,
and IFN-induced protein, IP-10) alongside other proinflam-
matory cytokines [39, 40]. A hierarchical cluster analysis of
the cytokine profiles in DM revealed two distinct clusters,
with predominance of IFN-related cytokines in cluster one,
75% of which was constituted by anti-MDAS5 DM and strong
correlation with cutaneous vasculitis [39]. It seems plausible
that cytokine mediated microvascular injury may contribute
to the unique cutaneous lesions in DM and, possibly, lung
involvement.

Mutations in IFIH1 that code for MDAS are also associ-
ated with Aicardi Goutier syndrome and other mendelian
autoinflammatory interferonopathies such as STING-associ-
ated vasculopathy with onset in infancy (SAVI) and Chronic
atypical neutrophilic dermatosis with lipodystrophy and
elevated temperatures (CANDLE). Interestingly, the latter
also exhibit the interferon gene signature, and benefit from
Janus kinase (JAK) inhibitors, suggesting another important
overlap with anti-MDAS DM [41]. Thus, it seems plausible
that anti-MDAS5 DM may represent an acquired form of the
same type of condition [42, 43]. However, in a recent French
study, no obvious pathogenic mutations were observed in
genes associated with recognized monogenic interferonopa-
thies in 21 anti-MDAS JDM patients [40].

Clinical features
Clinical phenotype in adults with anti-MDA5 DM

The original descriptions of anti-MDAS5 DM from Asia were
clinically amyopathic with cutaneous vasculopathy and RP
ILD [44, 45]. Soon after that, data from different ethnic
backgrounds emerged, and a clinically heterogeneous entity
appears to be more likely to occur in the presence of anti-
MDAJS antibodies (Tables 1, 2). Initial studies from Europe
and North America described it as a mild Rheumatoid
Arthritis/Anti-Synthetase Syndrome (ASSD) like disease

Table 1 Frequency and demographic characteristics of anti-MD5 DM across various countries in adults and children

Country Year Study design N Prevalence of anti  Mean age (SD) Women (%)
MDA-5 (%)
Japan [8] 2005 R 42 19 - -
Japan [44] 2012 R 79 DM 22 55 (13) 88
Japan [102] 2012 R 27 MDAS DM - 48 (13) 74
China [9] 2013 P 43 DM 60 46 (13) 40
Korea [58] 2010 R 38 DM 24 46 (16) 55
Italy [47] 2014 R 34 DM 15 54 (13) 60
Spain [50] 2013 R 117 DM 12 47.8 (11) 64
France [51] 2020 R 121 MDAS DM - Median 49 (34-58) 67
USA (Stanford) [52] 2011 R 77 13 51 (9) 88
USA (Pittsburgh) [49, 103] 2016 R 122 DM 13 43 (18.5) 56
USA (Hopkins) [46] 2013 R 160 DM 7 414 -
India [104] 2020 P 83 DM 17 - 72.7
Canada [75] (70% Asians) 2019 R 21 MDA5 DM - 52 (21-69) 57
UK [105] 2014 R 285 JDM 7 6.3 (4-10) -
USA, Canada [106] 2020 R 453 JIIM 7.7 Median 8.7 -
France [40] 2020 R 64 JIIM 20 9 (2-14) 60
India [104] 2020 P 36 JDM 11 - -

MDAS5 Melanoma Differentiation Associated gene 5, DM Dermatomyositis, P Prospective, R Retrospective, USA United Sates of America, UK
United Kingdom, — data unavailable
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Table 2 Clinical features of anti-MDAS5 DM described across various cohorts

Cohort/country Skin rash (%) Skin ILD (%) RPILD (%) CADM (%) Arthritis (%) Cancer (%) Survival
ulcers
(%)
Japan [8] 50-75 - - 50 100 50 0 -
Japan [44] 50-75 60 94 71 75 - 0 1 year, 60%
Japan [102] - - - 74 80 - 4 1 year, 68% (50% for those
with RP ILD)
China [9] 100 11 100 38 35 - - 1 year, 40%
Korea [58] - - 67 44 0 - 0 -
Italy [47] 40-80 20 60 20 100 0 0 -
Spain [50] - 21 64 57 57 - 28 1 year, 70%
France [51] 70 41 76 32 70 70 7 Overall 70% (20% at 1 year
with RP ILD)
USA (Stanford) [52] 50-70 80 67 22 50 31 - -
USA (Pittsburgh) [49, 50-70 20 50 437 50 12 - 1 year, 70%
103]
USA (Hopkins) [46] 80-100 80 72 0 45 80 - Overall survival, 100%
India (adults) [104] 80 20 60 40 0 60 0 1 year, 40%
India (children) [104] 100 0 33 0 0 33 0 1 year, 100%
Canada [75] (70% 100 42 100 38 57 53 - Overall survival, 80% (40%
Asians) in those with RP ILD)
UK [105] 70-80 50 10-19 12 86 - Overall survival, 100%
USA, Canada [106] 60-97 30 25 5 0 90 - Overall Survival 97%
France [40] 71 70 46 - 100 - Overall survival, 93%

MDAS5 melanoma differentiation-associated gene 5, DM dermatomyositis, USA United Sates of America, UK United Kingdom, /LD interstitial

lung disease, RP rapidly progressive, — data unavailable

with a prevalence of 7% amongst adult DM [46-48]. Sub-
sequent studies from Spain and Pittsburgh cohorts depicted
a prevalence of 15-20% among all DM, similar to Asian
cohorts, with over 40-60% exhibiting RP ILD and poor sur-
vival [49]50 (Fig. 4). An unsupervised cluster analysis of
83 anti-MDAS IMIM in a recently conducted multicentric
French study yielded a revelation of a new phenotype—myo-
pathy and cutaneous vasculopathy (27%, males, Raynaud’s
phenomenon, skin ulcers, digital necrosis and calcinosis,
early mortality of 4.5%, intermediate prognosis) apart from
the aforementioned RP ILD (18%, RP ILD in over 90%,
Mechanic’s hands, early mortality of 80%, poorest prog-
nosis), and a dermo-rheumatologic syndrome (55%, typi-
cal skin rash, arthritis and ILD, early mortality of 0%, best
prognosis) [51]. This suggests that a varied presentation and
prognosis of anti-MDAS-positive IMIM may be encoun-
tered, subject to ethnicity and the clinical setting, calling
for proportionate attention and monitoring on follow-up.

Cutaneous
In addition to classic rashes of DM that occur in 60-70%,

patients with anti-MDAS DM may manifest cutaneous fea-
tures suggestive of an underlying vasculopathy, such as

@ Springer

cutaneous ulcers and palmar papules. The cutaneous ulcers
associated with anti-MDAS positive IMIM occur in 40-80%
individuals, are deep and punched out, and commonly overly
the digital pulp, knuckles, lateral nail folds, elbows and the
knees, though they can also occur on the chest, back or arms
[51-54].

Palmar papules are another unique feature of this sub-
set of IMIM, reported over the palms, the palmar aspect of
fingers, especially over the metacarpophalangeal and inter-
phalangeal joints in up to 60% of patients. They are pain-
ful, with lesional biopsies suggestive of occlusive small and
medium vessel vasculopathy with a type-I Interferon sig-
nature [52, 54, 55]. Tender gums and oral erosions are also
characteristically described in this subset [52]. The other
reported features include, eyelid edema, non-scarring alo-
pecia (70-80%), mechanic’s hands (60%), oral ulcers (50%),
psoriasiform rashes and panniculitis (20%) [52, 56] (Fig. 5).

Joint involvement
Arthralgia and Arthritis are seen in 50-80% patients with

anti-MDAS DM. Notably the phenotype is similar to Rheu-
matoid Arthritis with a bilateral, symmetric distribution and
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Fig.4 Prevalence of anti-MDAS in adults and children with DM across various countries

Fig.5 Periorbital edema in a
patient with anti-MDAS DM
(top left). Chest radiograph
(bottom left) showing patchy
heterogeneous opacities involv-
ing both lung fields. Computed
tomography (right) showing
patchy consolidations with
ground glass opacities involving
both lung fields suggestive of an
organizing pneumonia pattern

small joint involvement. However, erosions are infrequent on
conventional radiographs [46].

Lung

ILD is the most important clinical feature seen in 60—-100%
of patients, with a rapidly progressive phenotype reported in
over 40% (20-75%) cases [44, 49, 51]. Anti-MDAS5 DM has
a 20 fold higher odds for development of RP ILD as com-
pared to MDAS negative DM and it is the most important
factor predicting survival [9, 44, 49]. RP ILD presents with
worsening dyspnea and cough, with radiographic deterio-
ration causing hypoxia within 3 months from respiratory
symptom onset [7, 51].

Muscle

Anti-MDAS antibodies were originally described in a series
of patients with CADM [8] with CADM occurring in over
80% of Japanese anti-MDAS5 DM patients. However, in
cohorts from the USA, most occurred in patients with clas-
sic DM, although the association with CADM was retained
[8, 49, 57, 58].

Malignancy
Although most studies describe a protective effect of ILD

and anti-MDAS antibodies against cancer [4, 59, 60],
malignancy has been described in 4-6% of patients with
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anti-MDAS DM in Japanese and French studies. Contrary
to previous reports, one Spanish anti-MDAS DM study
described a higher rate of cancer (4/14 cases, 28%) with
risk of breast, ovarian and lung cancer.

Other systemic features

Fever, fatigue and constitutional symptoms are also com-
mon, occurring in 30—40% of these patients [44, 46, 50, 51].

Clinical phenotype in children with anti-MDA5 DM

The prevalence of anti-MDAS DM in a large British cohort
of JIDM was 7% with a predominance of ulcerative skin
disease, oral ulcers and arthritis, with ILD affecting 20%
of individuals, none of them exhibiting the RP phenotype.
CADM was seen in 12% of anti-MDAS5 children, which
was significantly greater than the anti-MDAS antibody-
negative group. Interestingly, the response to treatment was
better than in the anti-MDAS5-negative DM group, thus it
may represent a milder subgroup in children. An increased
association of ILD was seen with coexistent anti-Ro52
antibodies (70% vs 10% had ILD among patients with anti-
MDAS5 JDM) in an American cohort of JDM but RP ILD
was uncommon [61]. Whereas, in East Asian cohorts over
1/3rd of JDM are constituted by anti-MDAS5 DM with RP
ILD seen in over half of them [7, 62, 63]. There were few
anti-MDAS5-positive JDM subjects in the Indian cohorts
described, though the phenotype was akin to that described
in the western literature [64]. A recent French multicenter
study identified 13 patients with Juvenile myositis and posi-
tive anti-MDAJS5 antibodies, and this group was constituted
equally by Juvenile Dermatomyositis (JDM) and Juvenile
Overlap Myositis. They confirmed the presence of ulcera-
tive skin disease and arthritis in frequencies similar to those
previously reported; in addition, they identified that a lupus-
like rash was present in half of the subjects, and aseptic
abscesses in 20% [40].

Complications

Pneumomediastinum is a life-threatening complication
reported in up to 15% of patients with anti-MDAS5 DM and
ILD, as compared to 2% in DM/PM. It is associated with a
worse survival (mortality of 60% vs 37% in those without
pneumomediastinum) especially in those ventilated using
noninvasive pressure ventilation. Thus, in those requiring
mechanical ventilation, invasive ventilation is suggested
as soon pneumomediastinum is diagnosed. High-flow
nasal oxygen merits further exploration in the setting of
pneumomediastinum [65, 66]. The presence of cutaneous
ulcers was associated with an increased odds (1.1-3.1) of
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pneumomediastinum in a multivariable analysis of a Chinese
study that described predictors of pneumomediastinum in
the setting of anti-MDAS DM [67].

Another complication that is being reported more fre-
quently with this type of DM is Macrophage Activation Syn-
drome (MAS) as described in case reports from Japan. The
recent depictions of transaminitis in anti-MDAS DM due to
involvement of the liver may be a surrogate for extramed-
ullary hemophagocytosis which merits further exploration
[68, 69].

Diagnosis

A high index of suspicion for anti-MDASDM should be con-
sidered in patients presenting with the following constella-
tion of symptoms:

1. Middle-aged female, CADM, skin rash with acute onset
of respiratory symptoms;

2. Middle-aged female with skin rash, arthritis and chronic
respiratory symptoms;

3. Middle-aged male, classic DM rash, muscle weakness,
Raynaud’s phenomenon with cutaneous ulceration;

4. Children with classic DM rash, ulcerative skin disease,
ILD with or without muscle weakness.

The most important scenario in which a rapid diagnosis
of anti-MDAS5 DM has critical implications is the case of
patients presenting with RP ILD. Acute interstitial pneu-
monitis can have a broad differential diagnosis even in
the absence of obvious muscle involvement. Subtle rashes
should be actively looked for as important clues to the oth-
erwise elusive diagnosis. Although Rheumatologists may
be better aware of this entity, it poses a significant diag-
nostic challenge for pulmonologists and intensivists who
may be the primary contact physicians for such cases who
rapidly deteriorate with high requirements of oxygen and
intensive care support [70]. While ruling out other differ-
entials such as viral pneumonitis, atypical bacterial pneu-
monia, and hypersensitivity pneumonitis, an asymptomatic
elevation of muscle enzymes, cytoplasmic ANA pattern, and
anti-MDAS5 antibodies may be specifically looked for. In a
recent multicenter French study, 36% of 47 IMIM admitted
in the Intensive Care Unit with acute respiratory failure had
no extrapulmonary feature (40% being anti-MDAS DM).
Timely identification is crucial for the reduction of mortal-
ity rates [71].

Anti-MDAS antibody can be detected using IP (gold
standard), line immunoassay or ELISA with a good agree-
ment amongst the assays [5, 13, 72]. Associated Ro-52
antibodies are described in up to 60% of patients, and may
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pose a greater risk for RP ILD and cutaneous vasculopathy
[48-50, 73, 74].

Screening for ILD should be done using HRCT of the
chest, common findings being ground glass opacities (GGO),
non-septal linear or plate-like opacities and interlobular sep-
tal thickening with absence of intralobular reticular opaci-
ties, bronchiectasis and honeycombing. The predominant
patterns have been described as lower GGO and random
GGO seen in over 80% of cases which corresponds to an
organizing pneumonia type of ILD. The classic Atoll sign
in patients with organizing pneumonia is nonspecific and
may be seen in tuberculosis and fungal infections. Thus,
a radiological picture suggestive of organizing pneumonia
should a prompt consideration of a diagnosis of IMIM when
work up for infections is negative. Elevated ferritin levels
above 1000 ng/ml are predictive of lower lung predominant
GGOs with an odds of 12 which in turn are predictive of a
RP course [75, 76] (Fig. 5).

A European study described distinct histopathological
features of anti-MDAS DM as compared to classical DM.
Absence of perifascicular fiber atrophy, characteristic vascu-
lopathy, or important perivascular inflammation with lower
IFN score was observed with overall minimal inflammatory
changes on histopathology. Nitric oxide synthase 2-positive
muscle fibers were seen only in this subset, which colocal-
ized with markers of sarcolemmal regeneration and thus
might have a protective effect [6, 77].

A recent study described the use of nail fold capilla-
roscopy to study the capillary architecture. Compared to
ASSD, patients with anti-MDAS5 DM showed greater scores
for microhemorrhages and capillary disorganization repre-
sentative of severe cutaneous vasculopathy and the scores
further correlated with total lung fibrosis and ILD-related
death [78].

Biomarkers

Numerous biomarkers have been evaluated to predict mor-
tality and assess response to treatment (Table 3). Ferritin is
widely available and elevated levels (> 1000 ng/ml) are pre-
dictive of extensive lung involvement and a poor prognosis.
It can be used as a marker to initiate intensive immunosup-
pression and to judge the response to therapy similar to its
role in MAS [79].

Declining titers of anti-MDAS antibody was associated
with survival and re-increase in the levels (by > 50 index
from its level during remission) correlated with relapse of
disease [23]. However, it is pertinent to note that although
a mere absence or presence of antibody correlates with dis-
ease, titers of anti-MDAS5 antibody at baseline did not show
any correlation with severity of manifestations or death [49].

A recent Japanese study identified hepatic dysfunction
disproportionate to muscle involvement (defined as dis-
proportionate rise in alanine transaminase as compared to
creatine phosphokinase levels) in anti-MDAS5 DM. In 50
patients of DM, all 10 with anti-MDAS DM had liver dys-
function and a subsequent liver biopsy done in four of them
showed steatosis and ballooning of hepatocytes. The liver
dysfunction correlated with KL-6 levels, but not with pres-
ence of ILD. Thus, hepatic dysfunction might represent an
extramuscular involvement in this subset [80].

Four-gene interferon signature, serum interferon levels
and interferon expression in cutaneous biopsies are elevated
in both adults and children with anti-MDAS IMIM and cor-
relate with response to treatment [40].

Elevated ferritin (> 828 ng/ml), C-reactive protein
(CRP,>1 mg/dL), KL-6 (> 1000 ng/dL), decreased T
helper subsets and serum CD 206 identify patients with a
poor prognosis and at high risk for mortality. These markers
return to normalcy 3—6 months following effective treatment
and thus may be useful to guide treatment and monitor for
relapses [81, 82].

Treatment

MDAS5 DM presenting with RP ILD represents the most
severe and difficult to treat form of the disease and man-
dates intensive immunosuppression. Pulse corticosteroids
(15-20 mg/kg/dose) for 3—-5 days followed by oral corti-
costeroids (1 mg/kg) along with immunosuppressants are
preferred for induction (Table 4). There is a dearth of clini-
cal studies evaluating the best line of treatment. The current
evidence base largely stems from observational studies and
case reports. Steroid monotherapy and standard immuno-
suppressants like methotrexate and azathioprine have shown
poor results in RP ILD [14].

Recent retrospective series suggest benefit from upfront
combination therapy [83-85]. Subsequently, in a prospec-
tive study of 29 anti-MDAS DM Japanese patients with RP
ILD, a combination of steroids, tacrolimus and cyclophos-
phamide (iv CYC) was administered upfront. The 6-month
survival rates were significantly better for the combination
group (89% vs 33%) as compared with a historical cohort
which received step-up immunosuppression. A similar rate
of serious infections was recorded in both groups, except for
higher Cytomegalovirus (CMV) reactivation in the former
(85% vs 35%) [86]. All the three deaths in the combination
group were due to worsening ILD. Prophylaxis for pneumo-
cystis carinii pneumonia was given to all, however, CMV
prophylaxis was not. Although, there is lack of data for use
of CMV prophylaxis in IMIM, there might be a rationale to
adopt this measure in the setting of upfront combined immu-
nosuppression. Patients with ILD and anti-MDAS antibodies
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Table 3 Biomarkers studied in anti-MDAS5 DM

Marker Method Inclusion n Marker Decline Correlation Comment
for mor-  with with relapse
tality response
Anti-MDAS antibody ~ ELISA CADM or DM with 12 - Yes Yes PPV of reappearance or
[23] RPILD rise in index to> 50
for relapse 100%,
NPV of negative
result is 100%
Anti-MDAS antibody  ELISA, IP CADM/DM with ILD 15 No Yes - Decreased titers with
[84] treatment in 67% at
1 year
Ferritin [84] ELISA CADM/DM with ILD 15 No Yes - Decreased to normal in
75% at 6 months
Ferritin [107] CADM/DM with ILD 39 Yes Yes Yes
KL-6 [84] ELISA CADM/DM with ILD 15 No Yes - Decreased to normal in
60% at 6 months
KL-6 [107] CLEIA CADM/DM withILD 39 Yes Yes Yes Level >792 U/L pre-
dicted poor prognosis
Surfactant protein-D ELISA CADM/DM with ILD 15 No Yes -
[84]
Surfactant protein-D ELISA MDAS with ILD 170 Yes - -
[108]
Serum neopterin [84]  ELISA CADM/DM with ILD 15 No - - Decreased to normal in
60% at 6 months
Serum neopterin [109] ELISA 48 Yes - -
Serum CD 206 [110]  ELISA MDAS DM/CADM 33 Yes - -
ILD
Serum BAFF levels ELISA MDAS DM with ILD 10 - Yes -
[111]
Type Linterferon [112] ELISA for Interferon =~ MDAS DM 20 — Yes -
alpha, IFN gene sig-
nature in PBMCs

KL Krebs von den Lungen protein, BAFF B—cell activating factor, NPV negative predictive value, PPV positive predictive value, CADM clini-
cally amyopathic dermatomyositis, DM dermatomyositis, /LD interstitial lung disease, ELISA enzyme linked immunosorbent assay, MDAS5 mela-

noma differentiation-associated gene 5, — data unavailable

are at a higher risk of pneumocystis carinii pneumonia and
prophylaxis should considered for these patients [61]. When
the use of calcineurin inhibitors is not feasible, Mycophe-
nolate Mofetil and Rituximab have been used, albeit unsuc-
cessfully in some case reports [87, 88].

In refractory cases, plasma exchange, polymyxin B
hemoperfusion and IVIG exhibit a variable response
[89-91]. Of these, the best results have been seen with
plasma exchange with improved 1-year survival up to 100%
in some series. Plasma exchange has been used after unsuc-
cessful combination therapy of immunosuppressants, rang-
ing from 3 to 14 sessions per patient [92].

Another class of drugs that has been recently explored are
the JAK inhibitors which may have specific benefits in this
condition. JAK inhibitors directly interfere with interferon
production, which may result in abrogation of the cytokine
storm, in a quick and predictable manner unlike most other
immunosuppressants which typically take 2—4 weeks to take
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effect. Lost time may result in a declining foothold on suc-
cess of survival in a disorder of such severity. Tofacitinib use
has led to an improved survival, reduction in ferritin levels
and CT scores in case reports [43, 93]. Anakinra has been
used successfully as well [94].

The antifibrotic pirfenidone yielded an insignificant effect
on the survival in RP ILD in a prospective study albeit with
suggested benefit in the subset with a subacute onset of ILD
[95].

Extracorporeal Membrane Oxidation as a bridge therapy
awaiting response to immunosuppressants or to a lung trans-
plant may be used in equipped centers. There are 8 reported
cases of lung transplant with an overall survival rate of 75%
over 7 months to 12 years [96, 97].

Cutaneous vasculopathy also represents a severe form
of the disease with requirement of immunosuppressants,
IVIG along with vasodilators (Phosphodiesterase inhibi-
tors and calcium channel blockers) and agents that improve
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Table 4 Treatment strategies for anti-MDAS DM

Drug/treatment Type of study n

Outcome

Dual therapy—CS 4+ CYC/CNI

Gono et al. [102] R 8

Muro et al. [113] R 11

Upfront triple combination—CS +i.v. CYC 4+ CNI

Gono et al. [102] R 12

Kameda et al. [114] P 10

Matsuda et al. [88] R 8

Tsuji et al. [89] P 29 (15 from historical cohort)
Rituximab?®

Hosoetal. [115] R 4

Tokunaga et al. [116] R 2

Basiliximab®

Zouetal. [117] R 4

Plasma exchange (PE)?*

Shirakshi et al. [94] R 8 of 13 received PE
Saito et al. [118] R 6

Abe et al. [93] R 6 of 10 received PE
Polymyxin B hemoperfusion®

Okabayashi et al. [119] R 14

Takada et al. [120] R 2

Case reports [121, 122] 2

Tofacitinib

Kurasawa et al. [123] R 5

Chen et al. [43] P 18 (historical controls)
Pirfenidone add—on

Li et al. [98] P 27

ECMO

Vuillard et al. [124] R 6

Hunag et al. R 3

Overall survival, 75%

Overall survival, 72%

Overall survival, 41%
1 year survival, 50%
1 year survival, 87.5%

6 month survival, 89 vs 33%

2 year survival,100%
Overall survival, 0%

Overall survival, 75%

1 year survival, 60% vs 0

6 month survival, 77%

1 year survival, 100% vs 25%
3 month survival, 35.7%

1 year survival, 50%

Overall survival, 100%

Overall survival, 60% 6-month survival, 100% vs 78%

1—year survival, 73% vs 50%, subgroup analysis— no impact on sur-
vival in the acute ILD group

Overall Survival, 0
Survival, 100% (followed by lung transplant)

CS corticosteroids, CYC cyclophosphamide, CNI calcineurin inhibitors, PE plasma exchange, R retrospective, P prospective, ECMO extra corpo-

real Membrane oxygenation
*Refractory to CS, CYC, CNI
PRefractory to CS, CNI

peripheral circulation (Pentoxiphylline, at times hyperbaric
oxygen) for which there is evidence in the form of anecdotal
reports [98].

Prognosis

Older age (> 60 years), male gender, fever, elevated CRP
more than 1 mg/dL and oxygen saturation less than 95%
are associated with poor prognosis and mortality [99, 100]
Sato et al. derived a prediction model in a large cohort of
Japanese patients of myositis-ILD using a composite of age,
CRP, oxygen saturation and anti-MDAS antibodies for pre-
diction of mortality. Another risk model, ‘FLAIR’, using

Ferritin, LDH, anti-MDAS5 Antibody, CT Imaging score, and
RP ILD has been developed to predict survival in patients
with CADM/ILD [101].

Conclusion

Anti-MDAS5 DM is recently identified subtype of myosi-
tis characteristically associated with RP-ILD and unique
cutaneous features. The etiopathogenesis is hypothetically
linked to an unidentified viral trigger on the background
of genetic predisposition culminating in an acquired type I
interferonopathy. The clinical phenotype is highly varied in
different ethnicities. The recent description of new cohorts
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of patients with a wider range of presenting clinical fea-
tures has expanded the anti-MDAS DM disease spectrum.
Awareness of the condition and its potential manifestations
is key to early detection and improved survival. RP ILD is
the major determinant of survival, treatment being largely
empiric and based on observational studies, with early and
aggressive combined immunosuppression showing potential
in recent reports.
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