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Abstract

Inflammatory myopathies, collectively known as myositis, are heterogeneous disorders
characterised by muscle inflammation, and frequently accompanied by extramuscular
manifestations that affect the skin, lung, and joints. Patients with inflammatory myopathies
were previously classified as having dermatomyositis if characteristic rashes accompanied
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the muscle involvement, and as having polymyaositis if no rashes were present. Five main

types of inflammatory myopathies are now widely recognised: dermatomyositis, immune-
mediated necrotising myopathy, sporadic inclusion-body myositis, overlap myositis (including
antisynthetase syndrome), and polymyositis. The discovery of autoantibodies that are specifically
associated with characteristic clinical phenotypes has been instrumental to the understanding of
inflammatory myopathies. Treatment is still largely based on expert opinion, but several studies
have shown effectiveness of different therapies in various subsets of inflammatory myopathies.
These advances will undoubtedly improve the outcomes of patients with inflammatory
myopathies.

Introduction

Inflammatory myopathies, collectively known as myositis, are a heterogeneous group

of rare diseases that affect multiple organs and systems, including the muscles, skin,

lungs, and joints. Although universally accepted classification criteria for inflammatory
myopathies have not yet been established, the five most recognised types of inflammatory
myopathies are dermatomyositis, immune-mediated necrotising myopathy, overlap myositis
(including antisynthetase syndrome), sporadic inclusion-body myositis, and polymyositis.1-
3 Inflammatory myopathy-specific autoantibodies can be used to classify patients with
inflammatory myopathies in homogeneous phenotypic subsets. However, the importance of
these autoantibodies has not yet been translated to inflammatory-myopathy classification
criteria, probably because of their recent development.14

Treatment options for inflammatory myopathies are broad, but their choice and combination
are still largely based on expert opinion.2 Randomised controlled trials are providing
evidence for treatment in specific subsets of patients, but the nature of the diseases,

which are rare and heterogeneous, complicates enrolling adequate numbers of patients

with homogeneous phenotypes and designing appropriate studies. This Review describes
the classification and treatment of the most common types of inflammatory myopathies in
adults.

Classification

Dermatomyositis

Patients with dermatomyositis typically present with proximal muscle weakness and
cutaneous manifestations that develop over weeks to months. However, some patients with
a dermatomyositis rash have little or no muscle involvement, as shown by the absence of
weakness and muscle enzyme elevation, and of electromyography (EMG), MRI, and muscle
biopsy findings. Some clinicians consider these hypomyopathic or amyopathic forms of
dermatomyositis to be different subtypes of myositis,? but, for simplicity, we will include
them in this section.

The pathognomonic skin features of dermatomyositis include a violaceous periorbital, often
oedematous, rash (ie, a heliotrope rash; figure 1, appendix) and erythematous lesions on the
extensor surfaces of the joints (ie, Gottron’s papules; figure 1). Usually, muscle enzymes
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are elevated and EMG reveals a myopathic pattern (myopathic motor units with fibrillations
and spontaneous sharp waves).? As in other types of inflammatory myopathies, MRI scans
in patients with dermatomyositis can reveal intramuscular T2 hyperintensities caused by
muscle inflammation or necrosis.® Additionally, patients with dermatomyositis often have
T2 hyperintensities around individual muscles as a result of fascial involvement, a feature
seen less frequently in other types of inflammatory myopathies.® Myalgia and pruritus can
also be important symptoms of the disease in some patients.’

Perifascicular atrophy is a highly specific feature of muscle biopsies in patients with
dermatomyositis (specificity >90%);8 however, this feature lacks sensitivity (25-50%;
figure 1).8:9 Data support that the expression of perifascicular human myxovirus resistance
protein 1 and retinoic acid-inducible gene 1 have higher diagnostic sensitivity (71%

and 50%) than perifascicular atrophy with equivalent specificity.8:19 Additionally, tissue
biopsies from patients with dermatomyositis often have cellular infiltrates consisting
predominantly of plasmacytoid dendritic cells, B cells, CD4 T cells, and macrophages.1!
These cells often surround medium sized blood vessels and invade the perimysium.11
However, up to 16% of dermatomyositis biopsies do not have infiltrates but have prominent
necrosis that is pathologically indistinguishable from immune-mediated necrotising
myopathy.® The deposition of membrane attack complex and presence of microtubular
inclusions on intramuscular capillaries is an early manifestation of dermatomyositis; as

the disease progresses, capillary dropout can also occur.® Furthermore, as with other
inflammatory myopathies, class-1 major histocompatibility complex is usually upregulated
on the sarcolemma of muscle fibres. In patients with dermatomyositis, class-1 major

histo compatibility complex upregulation and other pathological findings (eg, myofibre
degeneration and regeneration, and necrosis) can be especially prominent in perifascicular
regions.11

Based on a prevalence study, approximately 70% of patients with dermatomyositis have

a dermatomyositis-specific autoantibody,* which are associated with a unique clinical
phenotype (table 1). Autoantibodies recognising the Mi2 nuclear antigen have been
associated with classic dermatomyositis features, including proximal muscle weakness

and severe skin manifestations.12 Patients with dermatomyositis and autoantibodies
recognising nuclear matrix protein (NXP)2 are more likely than patients with other

types of autoantibodies to present with both proximal and distal muscle weakness,
subcutaneous oedema, and dysphagia.13 Furthermore, patients who are positive for anti-
NXP2 autoantibodies are more prone to developing calcinosis, which are painful deposits of
calcium in the soft tissues, than patients with other types of autoantibodies.12 Patients with
dermatomyositis who are positive for anti-NXP2 or anti-transcription intermediary factor
(T1F)-1 autoantibodies are at increased risk of malignancy within 3 years of their diagnosis;
as such, doing comprehensive cancer screening3-15 or PET-CT scans is particularly
important in these patients.33

Patients with dermatomyositis who have autoantibodies recognising small ubiquitin-like
modifier activating enzyme or melanoma differentiation-associated gene 5 (MDAJ5) tend
to have more substantial skin than muscle involvement.16-12 Along with the typical skin
manifestations of dermatomyositis, patients who are positive for anti-MDAD5 autoantibodies
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are prone to developing ulcers, often on the flexor surface of the digits and palm (figure
2).19 Most patients with anti-MDAS5 autoantibodies are hypomyopathic or amyopathic.17~
19 Furthermore, unlike patients with other dermatomyositis autoantibodies, those who are
anti-MDAJ5 positive frequently develop a rapidly progressive and sometimes lethal form of
interstitial lung disease.1718 All patients with myositis who are suspected to have interstitial
lung disease should initially be evaluated using pulmonary function tests (including carbon
monoxide diffusion and inspiratory and expiratory pressures) and high-resolution CT scans.
Monitoring of interstitial lung disease should rely on periodical pulmonary function tests,
and subsequent high-resolution CT scans should be restricted to evaluating patients with
evolving pulmonary issues.

A combination of genetic risk factors and exposure to environmental factors is presumably
required to trigger dermatomyositis. Indeed, several immunogenetic risk factors, including
certain class-2 HLA alleles, have been implicated in dermatomyositis pathogenesis.3*
Exposure to ultraviolet light is also a known risk factor for developing dermatomyositis.3°
However, the majority of people with known genetic risk factors, even those with

high ultraviolet light exposure, never develop dermatomyositis. An increased number

of mutations and loss of heterozygosity in 7/F1 genes in tumours from patients with
dermatomyositis who are positive for anti-TIF1 autoantibodies!® have been reported.36 This
observation suggests that mutations in 7/F1 genes might generate neoantigens that could
trigger autoimmunity.

Whatever the cause, once a patient has developed dermatomyositis, it is unclear what
mechanisms maintain muscle damage and weakness. Some evidence, including membrane
attack complex deposition on endothelial cells, suggests that part of the muscle damage
could be caused by hypoperfusion due to endothelial destruction.1 Additionally, the
presence of plasmacytoid dendritic cells, potent sources of interferon, along with the
increased expression of type-1 interferon-inducible proteins in the perifascicular area,
suggest that interferon could somehow mediate perifascicular atrophy.8:37 However, further
studies are required to clarify the role of these proteins in dermatomyaositis muscle
dysfunction.

Immune-mediated necrotising myositis

Immune-mediated necrotising myopathy is a distinct type of inflammatory myopathy
characterised by proximal muscle weakness, exceptionally high muscle enzyme
concentrations, myopathic EMG findings, and muscle biopsies showing necrosis or
regeneration with minimal lymphocytic infiltrates and no perifascicular atrophy (appendix).
Typical immune-mediated necrotising-myopathy muscle biopsies also include class-1 major
histocompatibility complex upregulation, M2-macrophage infiltration, and membrane attack
complex deposition on non-necrotic fibres (appendix).23:38 Extramuscular manifestations are
rare and generally mild when they occur.21:22:25

Around two thirds of patients with immune-mediated necrotising myopathy have
autoantibodies recognising either signal recognition particle (SRP) or 3-hydroxy 3-
methylglutaryl coenzyme-A reductase (HMGCR). However, about 20% of patients who
are positive for anti-SRP and anti-HMGCR have lymphocytic infiltrates in their muscle
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biopsies, but are otherwise indistinguishable from their counterparts with biopsies that
reveal necrotising tissue.22:26.:39 patients with proximal muscle weakness, elevated creatine
kinase concentrations, and anti-SRP autoantibodies are defined as having anti-SRP
myopathy, but patients with proximal muscle weakness, elevated muscle creatine kinase
concentrations, and anti-HMGCR autoantibodies are defined as having anti-HMGCR
myopathy.40 According to this classification, specific biopsy features are not required to
classify patients with autoantibody-positive immune-mediated necrotising myopathy.“® By
contrast, a necrotising biopsy is still required to classify a patient as having autoantibody-
negative immune-mediated necrotising myopathy.4°

Anti-SRP and anti-HMGCR myopathy share many features, including similar muscle
biopsy findings and high creatine kinase concentrations, and minimal extramuscular
manifestations.23 Furthermore, in both types of myopathy, young patients seem to have
more aggressive and refractory muscle disease.2:25 However, differences between these
two immune-mediated necrotising-myopathy subtypes have been reported. First, anti-
HMGCR myopathy is associated with statin exposure,24 whereas anti-SRP myopathy is
not associated with use of statins.21:22 Second, patients who are positive for anti-SRP
autoantibodies tend to have more severe muscle weakness than those with anti-HMGCR
autoantibodies.?123 Third, although virtually all patients with anti-HMGCR and anti-SRP
autoantibodies show some degree of necrosis,?226 those with anti-SRP autoantibodies have
a higher number of necrotic muscle fibres than those with anti-HMGCR autoantibodies.3°
Fourth, the presence of interstitial lung disease, although uncommon in both groups,

is more common in patients with anti-SRP autoantibodies (13-22) than in those with
anti-HMGCR autoantibodies (<5).21-23.25 Fifth, patients with anti-HMGCR myopathy and
autoantibody-negative immune-mediated necrotising myopathy might have an increased risk
of malignancy, unlike those with anti-SRP myopathy.#! Finally, anti-HMGCR myopathy
has rarely been associated with cardiac involvement.23 By contrast, early cross-sectional
studies in patients with anti-SRP myopathy suggested a high prevalence of cardiac
manifestations in these patients,2:43 although these findings have not been supported by
cohort studies.?1=23 |n patients with suspected cardiac involvement, an electrocardiogram
and an echocardiogram should be performed. A gadolinium-enhanced MRI scan can assess
active myocardial inflammation and, in selected patients, an endomyocardial biopsy can
confirm the diagnosis.**

Regarding the immunogenetic risk factors in immune-mediated necrotising myopathy,

one study“® suggested that class-2 HLA-allele DRB1*08:03 is associated with anti-SRP
myopathy. Additionally, several case-control studies*®~47 have supported that DRB1*11:01
is an immunogenetic risk factor for anti-HMGCR myopathy. This allele is present in

about 70% of people with anti-HMGCR autoantibodies, but only in about 15% of the
general population. Moreover, statins, which inhibit the enzymatic activity of HMGCR and
increase HMGCR production, are a risk factor for anti-HMGCR myopathy.23-25 Given these
observations, increased HMGCR production has been proposed to contribute to breaking
tolerance for developing anti-HMGCR myopathy.#8 Alternatively, in some patients, statins
binding to HMGCR could generate a neoepitope that would have a role in triggering the
immune response against HMGCR. In either scenario, DRB1*11:01 could have a role by
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presenting the relevant HMGCR peptides. Further work is required to show the relevance of
these mechanisms in anti-HMGCR myopathy.

The mechanisms underlying myofibre necrosis in immune-mediated necrotising myopathy
remain to be elucidated; however, some clues to these mechanisms have emerged. For
example, given that the membrane attack complex deposits on the surface of hon-necrotic
fibres, anti-SRP and anti-HMGCR autoantibodies have been proposed to be directly
pathogenic.39 A study? showed that these autoantibodies can induce muscle atrophy,
increase concentrations of reactive oxygen species and cytokines (eg, tumour necrosis factor
and interleukin 6), and impair myoblast fusion (by decreasing the production of interleukin
4 and interleukin 13) of cultured muscle cells. However, anti-SRP and anti-HMGCR
autoantibodies did not induce necrosis, and further studies are needed to show that these
two autoantibodies are pathogenic in vivo.4

Sporadic inclusion-body myositis

As with other types of inflammatory myopathies, patients with sporadic inclusion-body
myositis present with muscle weakness, and usually have elevated creatine kinase
concentrations and myopathic EMG features, which could indicate chronicity. However,
sporadic inclusion-body myositis is different from other inflammatory myopathies in
numerous ways. First, twice as many men as women are affected by sporadic inclusion-
body myositis; other inflammatory myopathies are more frequent in women.3 Second,
sporadic inclusion-body myositis usually affects patients older than 50 years,3 but other
types of inflammatory myopathies can also develop in patients younger than 50 years,
including in children.2 Third, in most patients with sporadic inclusion-body myositis,

the disease is slowly progressive, with weakness occurring over the course of years.3 In
other inflammatory myopathies, progressive weakness can occur over weeks or months.3
Fourth, many patients with sporadic inclusion-body myositis have an asymmetric pattern
of muscle weakness; symmetric weakness is the rule in patients with other inflammatory
myopathies. Fifth, patients with sporadic inclusion-body myositis usually have prominent
knee extensor weakness along with distal weakness, including of the deep finger flexors,
wrist flexors, and ankle dorsiflexors; arm abductors and hip flexors can also be affected,
but are frequently stronger than more distal muscles.2” By contrast, unless the disease is

in an advanced stage, few other patients with inflammatory myopathies have substantial
distal weakness.313 Sixth, these patients might also have progressive dysphagia, which
can lead to bronchoaspiration and can be studied using video-fluoroscopy. Seventh,
although autoantibodies recognizing cytosolic 5’-nucleotidase 1A (NT5C1a) are present in
30-60% of patients with sporadic inclusion-body myositis, these types of autoantibodies
can also be found in 5-10% of patients with polymyositis, 15-20% of patients with
dermatomyositis, and 10% of patients with systemic lupus erythematosus and 12%

with Sjégren’s syndrome.?0-53 Unlike other types of inflammatory myopathies, sporadic
inclusion-body myositis is not associated with any myositis-specific autoantibody.>* Eighth,
no clear evidence shows that immunosuppression benefits patients with sporadic inclusion-
body myositis, whereas patients with other inflammatory myopathies usually do respond to
immunosuppression.3 Finally, compared with patients with other inflammatory myopathies,
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those with sporadic inclusion-body myositis have the most characteristic MRI scan pattern,
with severe involvement of the anterior compartment of the thigh.8:55

Muscle biopsies from patients with sporadic inclusion-body myositis are histologically
unique in that they often include coexisting inflammation, mitochondrial dysfunction, and
abnormal protein aggregation (figure 3).° The inflammatory infiltrate is comprised of CD8
T cells that surround and invade non-necrotic fibres. A study®® has shown that these cells
express CD57, a surface marker of T-cell aggressiveness, and that most (22 [58%] of

38) patients with sporadic inclusion-body myositis meet criteria for T-cell large granular
lymphocytic leukaemia. Although this association has yet to be validated, it would explain
the refractory nature and advanced age of these patients.56 Doing a muscle MRI scan

to select the site of muscle biopsy is important in patients with sporadic inclusion-body
myositis (as well as all types of inflammatory myopathies) because this method increases the
diagnostic accuracy of the pathology.®’

An increased number of cytochrome oxidase-negative muscle fibres and the presence of so-
called ragged-red fibres suggest that mitochondrial damage has an important role in sporadic
inclusion-body myositis (figure 3).11 Additionally, a study®® showed that mitochondrial
DNA is depleted and that mitochondrial fusion proteins are dysregulated in the muscle

of patients with sporadic inclusion-body myositis. Furthermore, an increased frequency of
mitochondrial DNA deletions was also reported in the muscles of these patients.>®

Rimmed vacuoles, best visualised by Gomori-trichrome staining, are a histological hallmark
of biopsies from patients with sporadic inclusion-body myositis (figure 3).3 Although some
patients with hereditary myopathies also have rimmed vacuoles, their presence can help

in distinguishing sporadic inclusion-body myositis from other inflammatory myopathies,
because these vacuoles are not present in other types of inflammatory myopathies.1 How
the rimmed vacuoles of sporadic inclusion-body myositis are formed remains unknown.
However, nuclear membrane proteins are found within rimmed vacuoles, suggesting that
these vacuoles could be the remnants of degenerated myonuclei.5% Another study®! showed
that proteins accumulating in rimmed vacuoles are related to protein folding and autophagy,
suggesting that impaired autophagic function could be implicated in their formation.

Several other cytoplasmic inclusions, which are pathophysiologically relevant and important
for diagnosis, are also found in muscle biopsies of patients with sporadic inclusion-body
myositis. The tubofilamentous inclusions seen by electron microscopy gave rise to the

name inclusion-body myositis.1! Cytoplasmic accumulations of amyloid can be visualised
using Congo red and polarised light.1! These structures include p-amyloid-related and
amyloidogenic-related molecules p-secretase 1 and -y-secretase, which are increased in

the plasma of patients with sporadic inclusion-body myositis.52 Cytoplasmic aggregations
of other proteins, including phosphorylated neurofilaments, p62, and TAR DNA-binding
protein 43 can also be found in muscle biopsies of patients with sporadic inclusion-body
myositis (figure 3).11

Although not specific to sporadic inclusion-body myositis, anti-NT5C1a autoantibodies have
been associated with increased severity and mortality in these patients.>3:63 Additionally,
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anti-NT5C1a autoantibodies might directly cause muscle damage.®4 Therefore, the presence
of such autoantibodies along with the presence of aggressive T cells in muscle biopsies
suggest that autoimmunity might be relevant in the pathology of sporadic inclusion-body
myositis. Alternatively, the presence of cytoplasmic inclusions suggests that an underlying
degenerative process drives the progression of the disease. This hypothesis is reinforced by
the observation that immunosuppression is not effective in patients with sporadic inclusion-
body myositis.3 Future investigations will elucidate whether successful treatment strategies
will need to target the immune system, protein aggregation pathways, or both.

Overlap myositis

Overlap myositis is a type of autoimmune myopathy associated with other connective tissue
diseases. Autoimmune myopathy can also occur in patients presenting with features of other
autoimmune diseases, such as systemic lupus erythematosus, rheumatoid arthritis, Sjégren’s
syndrome, or systemic sclerosis.39-32 Many of these patients also have autoantibodies that
are associated with characteristic phenotypes.30-32

The most representative form of overlap myositis is antisynthetase syndrome, with
autoantibodies targeting aminoacyl tRNA synthetases, which are enzymes that conjugate an
aminoacid to its cognate tRNA.28:29 Autoantibodies that recognise histidyl tRNA synthetase
(anti-Jol), threonyl tRNA synthetase (anti-PL7), and alanyl tRNA synthetase (anti-PL12) are
most common.28:29 Patients with any one of these autoantibodies can be defined as having
antisynthetase syndrome, and typically present with one or more of the following features:
an inflammatory myopathy, interstitial lung disease, arthritis, Raynaud syndrome, fever, or
hyperkeratotic radial-finger lesions known as mechanic’s hands (figure 4).3 Patients with
antisynthetase syndrome can also have skin rashes similar to dermatomyositis.® Notably,
not all patients with antisynthetase syndrome have muscle weakness. Indeed, whereas about
90% of patients who have anti-Jol autoantibodies have an inflammatory myopathy, up to
50% of patients with anti-PL 12 autoantibodies present with interstitial lung disease but no
muscle involvement.28 Furthermore, patients who are positive for anti-Jo1 autoantibodies
have more severe weakness than patients with anti-PL7 and anti-PL12 autoantibodies who
have more severe lung involvement (table 1).28.29

The features of myopathic antisynthetase syndrome are similar to those of dermatomyositis,
including proximal muscle weakness, elevated muscle enzymes, and myopathic EMG.3
Patients with antisynthetase syndrome often have hyperintensities on intramuscular T2-
weighted MRI scans, but a specific MRI scan pattern has not been described.®> Muscle
biopsies can reveal perifascicular atrophy similar to dermatomyositis. However, compared
with dermatomyositis, the muscle biopsies from patients with antisynthetase syndrome can
show an increased number of perifascicular necrotic fibers.%6:67 Furthermore, most of these
biopsies show nuclear actin aggregation, an electron microscopy feature that is not seen

in other inflammatory myopathies.58 However, little is known about what triggers and
maintains autoimmunity in antisynthetase syndrome, and further research is warranted.

Anti-polymyositis-Scl or anti-Ku autoantibodies are associated with inflammatory
myopathies in patients with systemic sclerosis.30-31 Similarly, patients with connective
tissue disease who are positive for anti-U1 ribonucleoprotein can have myositis along
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with additional systemic sclerosis features, such as sclerodactyly.32 These patients can

also have systemic lupus erythematosus-like features, such as glomerulonephritis, usually
accompanied by anti-DNA autoantibodies (table 1).32 Sporadic inclusion-body myositis can
be associated with Sjégren’s syndrome, especially in women with a genetic predisposition.5®

Polymyositis
Polymyaositis is defined by the presence of muscle weakness, elevated creatine
phosphokinase concentrations, myopathic EMG features, and inflammatory CD8 T-cell
infiltrates on muscle biopsy, with none of the characteristic accompanying features of
the other above-mentioned groups (ie, dermatomyositis, immune-med iated necrotising
myopathy, overlap myaositis, or sporadic inclusion-body myositis). Many patients previously
classified as having polymyositis could now be considered to have antisynthetase syndrome
without a rash, immune-mediated necrotising myopathy, or sporadic inclusion-body myositis
on the basis of characteristic clinical manifestations, serological features, and muscle biopsy
findings.”-"2 Even for patients who truly have polymyositis, the condition remains a
diagnosis of exclusion, and these patients should be closely monitored for new clinical
features suggesting alternative diagnoses.

Management

Treatment for inflammatory myopathies remains a challenge. The low prevalence, wide
phenotypic heterogeneity, and variable course of these diseases complicate the assessment
of different treatment approaches, which explains the absence of standardised therapeutic
guidelines. For the same reasons, treatment should be multidisciplinary and managed by
experienced clinicians. Tailored physical exercise programmes and rehabilitation under the
supervision of a physical therapist are safe in all types of inflammatory myopathies, and are
generally recommended to increase strength and reduce disability.”3:74 In this regard, two
randomised controlled trials’3:74 have shown the utility of physical exercise intervention as a
complementary treatment even in patients with acute inflammatory myopathies.

Non-inclusion-body myositis
Dermatomyositis, immune-mediated necrotising myopathy, overlap myositis, and
polymyositis are considered to be non-inclusion-body myositis. A systematic Cochrane
review’> highlighted the scarcity of high-quality randomised controlled trials for the
treatment of inflammatory myopathies; although immunosuppressive agents are the primary
form of treatment for inflammatory myopathies, few randomised controlled trials have been
done in the field. Thus, treatment is largely based on historical clinical practice and case
series, and fundamentally guided by the opinion of experts. Glucocorticoids are first-line
drugs in the treatment of inflammatory myopathies, but are rarely used as a monotherapy
because of their side-effects, such as osteoporosis, hypertension, or weight gain.”® The most
commonly prescribed corticosteroid is prednisone, which is typically started at a dose of
0-5-1 mg/kg per day to a maximum dose of 80-100 mg per day. In severe cases, daily
intravenous methylprednisolone pulses of 500 mg to 1 g per day for 3-5 days can be used
initially (table 2). Prednisone is maintained for 4-6 weeks and is then decreased. Neither the
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initial dose nor the speed at which corticosteroid treatment should be decreased have been
adequately investigated, and so treatment is based on clinical judement.

Other immunosuppressive drugs that are used for treatment of inflammatory myopathies
include methotrexate (10-25 mg per week orally or subcutaneously) and azathioprine

(2-3 mg/kg per day) in patients with normal thiopurine methyltransferase activity, and
mycophenolate mofetil (2-3 g per day divided into two doses), ciclosporin (3—4 mg/kg

per day), tacrolimus (0-06 mg/kg per day), and intravenous immunoglobulins.? These

drugs are normally used as corticosteroid-sparing agents from the time of diagnosis. Some
clinical settings can warrant the selection of different drugs. For example, methotrexate,
which is useful for muscle and joint manifestations,’” should be carefully used in

patients with myositis-associated interstitial lung disease because of the potential lung
toxicity of this drug.’”’ Calcineurin inhibitors (eg, ciclosporin and tacrolimus) improve
dermatomyositis skin manifestations, and along with mycophenolate are recommended by
experts in myositis-associated interstitial lung disease.”880 However, these drugs need to
be administered with caution in elderly patients with hypertension because of the potential
renal toxicity and management difficulties in hypertensive patients and their dose should be
guided by serum concentrations of the drug. Cyclophosphamide can be used in patients with
severe or rapidly progressive interstitial lung disease as in other autoimmune diseases, such
as systemic sclerosis,81 but can impair fertility.

Intravenous immunoglobulins (2 g/kg per month administered during 2-5 days) have
shown efficacy in an randomised controlled trial®2 and in a retrospective study83 for the
management of dermatomyasitis. Intravenous immunoglobulins also seem to be effective
in immune-mediated necrotising myopathy, especially in patients with anti-HMGCR
autoantibodies.49-88 A preliminary case series89 of 19 patients suggests that subcutaneous
immunoglobulins could be an alternative to intravenous administration, although no
comparative studies are yet available (table 2).

Because of the existence of refractory forms of non-inclusion-body myaositis, there has been
growing interest in assessing the potential of several biological agents in inflammatory
myopathies. The efficacy of one of these agents, rituximab (a monoclonal antibody targeting
the CD20 antigen on B lymphocytes), was assessed in 124 patients with refractory
dermatomyositis and 76 patients with polymyaositis in a randomised, double-blind, placebo-
controlled trial 84 the only randomised controlled trial done to date with this agent. Although
the drug did not induce faster improvement when introduced early versus late in the course
of the clinical trial, 161 (83%) of 195 patients with refractory disease with longitudinal

data (regardless of the study branch) met the International Myositis Assessment & Clinical
Studies Group definition of improvement. However, because the trial design allowed

for treatment with other immunosuppressive drugs, the study did not establish whether
rituximab was causing that improvement. Nevertheless, a post-hoc analysis of the trial and
further case series and cohort studies suggested beneficial effects of this drug in patients
with antisynthetase syndrome, and in those with anti-Mi2 or anti-SRP autoantibodies.21:40.85
Although the efficacy of rituximab for patients with myositis-associated interstitial lung
disease is only based on two small uncontrolled studies?%-91 and the aforementioned trial,3*
rituximab is usually preferred to cyclophosphamide on account of the better tolerance and
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side-effect profile of this drug. Rituximab is usually administered as two 1-g doses 2 weeks
apart (table 2).

Evidence supporting the use of anti-tumour necrosis factor in inflammatory myopathies is
inconclusive since studies on etanercept and infliximab have shown conflicting results.92-94
Although some patients might respond to these therapies, more studies are necessary to
define the role of these drugs in inflammatory myopathies. In a pilot study8® of 20 patients
with inflammatory myopathies, abatacept, a fusion protein that inhibits T-cell costimulation,
showed beneficial effects in reducing disease activity and increasing the number of
regulatory T cells in muscle biopsies of these patients; however, these results need to be
supported by further studies with larger sample sizes. Some case reports have reported the
efficacy of tocilizumab (an antagonist of interleukin 6),87 anakinra (antiinterleukin 1),9
alemtuzumab (anti-CD52),% and tofacitinib®” and ruxolitinib® (janus-kinase inhibitors) in
inflammatory myopathies, but confirmatory studies are required for these treatments to be
widely used in clinical practice.

Sporadic inclusion-body myositis

No pharmacological therapy has been shown to be effective for sporadic inclusion-body
myositis, and consequently treatment of this form of myositis remains largely supportive.
Immunosuppressive drugs such as corticosteroids, azathioprine, methotrexate, etanercept,
anakinra, or interferon B are not effective in sporadic inclusion-body myositis.99:100
Alemtuzumab is an anti-T-cell agent that has shown a trend towards a reduction of key
biomarkers, such as interleukin 1p or class-1 major histocompatibility complex, in a pilot
study that has not been confirmed so far, 101 although larger trials are needed given the trends
towards reduction. Two small clinical trials, one that investigated bimagrumab02 (a human
monoclonal antibody that blocks the myostatin pathway) and the other that investigated
follistatinl03 (another inhibitor of myostatin locally delivered using an adenovirus), showed
improved thigh muscle volume and performance on the 6-min walking test in patients with
sporadic inclusion-body myositis; however, these drugs did not significantly improve muscle
strength. An randomised controlled triall% on the efficacy of sirolimus did not meet the
primary outcome (improved quadriceps strength), but patients who received the drug did
show improvement on the 6-min walking test.

Other drugs with alternative mechanisms of action have been investigated. Oxandrolone,

an anabolic steroid, and simvastatin, a cholesterol-lowering agent, were not shown to be
effective in small clinical trials.195106 A Jarge randomised controlled trial (NCT02753530)
is underway with arimoclomol, a drug that prevents aberrant protein—protein interaction and
promotes adequate protein folding. Another randomised controlled trial (NCT02483845)
investigating natalizumab is ongoing.

Severe manifestations of the disease

Some patient conditions require different therapeutic management, such as when the patient
presents with severe weakness, dysphagia, or rapidly progressive interstitial lung disease.
Severe weakness is characteristic of patients with immune-mediated necrotising myopathy,
but can also occur in all types of inflammatory myopathies.3 Additionally, severe muscle
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weakness can cause acute complications, such as development of restrictive lung disease due
to respiratory muscle weakness, or severe dysphagia if oropharyngeal muscles are involved.3
Evidence suggests that atrophy and fatty replacement of muscle tissue is established early
after the onset of disease, and thus, delayed treatment can lead to long-term disability.
Thus, in these situations a three-drug initial regimen should be considered, and should
include high-dose corticosteroids with an initial intravenous bolus, a secondary agent
(usually azathioprine, methotrexate, tacrolimus, or mycophenolate mofetil), and intravenous
immunoglobulins. Rituximab should be considered in patients with refractory disease
(panel).40

Given the risk of bronchoaspiration, patients with inflammatory myopathies with dysphagia
other than inclusion body myositis should receive a three-drug regimen that is similar to

that given to patients with severe weakness. Intravenous immunoglobulins have been shown
to improve dysphagial®” and should therefore be considered in patients with substantial
dysphagia. In selected patients, mainly those with sporadic inclusion-body myositis but

also those with extremely severe cases of dysphagia in other types of inflammatory
myopathies, local therapies such as cricopharyngeal myotomy, pharyngoesophageal balloon
dilatation, and injection of botulinum toxin into the upper oesophageal sphincter have shown
a reasonable benefit in improving life-threatening dysphagia.108:109 Swallowing physical
therapy could also help to avoid complications in patients with myositis and dysphagia.

Rapidly progressive interstitial lung disease is a hallmark of hypomyopathic or amyopathic
dermatomyositis associated with anti-MDADS autoantibodies, but can also occur with other
types of inflammatory myopathies, such as the antisynthetase syndrome.28 In most cohorts
studied, about 50-60% of patients with anti-MDAb5-positive inflammatory myopathies
develop interstitial lung disease soon after the onset of disease, and most of these

patients (>85%) will have rapidly progressive forms of the illness.1”-18 Because 30-50%
of patients who develop rapidly progressive interstitial lung disease will die during the
first year after the onset of lung disease,17:18 patients who are positive for anti-MDA5
autoantibodies, even those with mild interstitial lung disease, should be intensively treated
from disease onset with glucocorticoids and a second-line immunosuppressant agent (eg,
tacrolimus or mycophenolate mofetil), and should be followed closely. When interstitial
lung disease progression is detected, immediate and intensive treatment should be initiated.
Different therapeutic strategies include methylprednisolone pulses, immunosuppressants
(tacrolimus, cyclophosphamide, or rituximab), courses of polymyxin-B-immobilised fibre-
column haemo-perfusion, plasmapheresis, and intravenous immunoglobulins.210 Lung
transplantation should be considered as a last-resort treatment in patients with myositis-
associated interstitial lung disease, whether rapidly progressive or not.111

Conclusions and future directions

Five main types of inflammatory myopathies are now widely recognised: dermatomyaositis,
immune-mediated necrotising myopathy, sporadic inclusion-body myositis, overlap
myositis, and polymyositis (table 1). Furthermore, within each type, specific autoantibodies
further divide patients into even more homogeneous subtypes. For example, although
patients in the immune-mediated necrotising-myopathy subgroup share some clinical
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characteristics (eg, necrotising muscle biopsies), those with anti-HMGCR autoantibodies
have different environmental and immunogenetic risk factors, and might respond optimally
to different treatments than patients with anti-SRP autoantibodies. This broad classification
scheme is likely to require revision as more is learnt about inflammatory myopathies.

For example, if new autoantibodies associated with dermatomyositis and immune-mediated
necrotising myopathy are discovered, the number of patients with autoantibody-negative
dermatomyositis and immune-mediated necrotising myopathy will decrease.

Therapies for inflammatory myopathies are broadly immunosuppressive rather than
targeting specific pathogenic pathways. Moreover, past clinical trials have been hampered
by the inclusion of heterogeneous patient populations. Even if imperfect, this widely
accepted classification scheme should define more homogeneous patient populations, which
will improve the power of clinical trials to identify effective treatments for the different
forms of inflammatory myopathies. However, transformative changes in the way we treat
inflammatory myopathies will probably require a deep understanding of disease mechanisms
to reveal novel therapeutic targets. In this regard, recent investigations are promising, such
as those establishing the pathogenic role of specific autoantibodies in immune-mediated
necrotising myopathy, the association between sporadic inclusion-body myositis and

large granular lymphocytic leukaemia,> or the link between tumour TIF1 mutations and
paraneoplastic anti-TIF1 myositis.36 As our understanding of inflammatory myopathy
disease mechanisms expands, we expect that additional therapeutic targets will be identified.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel:

Sequential treatment approach and treatment of severe manifestations of

the disease
Inflammatory myopathies
Initial treatment
. Corticosteroids and physical exercise with the addition of a corticosteroid-

sparing agent (azathioprine, methotrexate, ciclosporin, tacrolimus, or
mycophenolate mofetil) in all patients to minimise the toxicity of
corticosteroids3:73:74.76

Treatment for severe or refractory cases of disease

. Corticosteroids and physical exercise with the addition of intravenous
immunoglobulins, rituximab, or both agents; in patients with refractory
disease, other biological agents, such as abatacept and tocilizumab, can be
used86.87

Dysphagia

. Corticosteroids, a second-line treatment agent, and intravenous
immunoglobulin; in selected patients, local therapies including
cricopharyngeal myotomy, pharyngo-oesophageal balloon dilatation, or

injection of botulinum toxin into the upper oesophageal sphincter can be
used107-109

Rapidly progressive interstitial lung disease

. Pulses of methylprednisolone followed by systemic corticosteroids along
with a second-line treatment agent (eg, tacrolimus, mycophenolate mofetil,
cyclophosphamide, or rituximab). Additionally, the following treatments
should be considered: two sessions of polymyxin in 24 h, daily
plasmapheresis over the course of 3 days and on alternate days thereafter until
the completion of seven sessions, and 400 mg intravenous immunoglobulin
per kg after each plasmapheresis session
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Search strategy and selection criteria

Articles for this Review were identified by searches of PubMed between March

1, 2003, and March 31, 2018, and references from relevant articles. The search

terms “dermatomyositis”, “polymyaositis”, “myositis”, “autoantibodies”, “inclusion-body
myositis”, “antisynthetase”, and “immune-mediated necrotising myositis” were used.
There were no language restrictions. The final reference list was generated on the basis of

relevance to the topics covered in this Review.
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Figure 1: Clinical features and pathological findings of dermatomyositis
A women aged 67 years presented with muscle weakness. She had (A) a heliotrope rash and

(C) Gottron’s papules, and a muscle biopsy revealed (B) perifascicular atrophy. The patient
was positive for anti-Mi2 autoantibodies and was diagnosed with dermatomyositis. Arrows
indicate perifascicular atrophy.
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Figure 2: Clinical features and radiological findings of anti-melanoma differentiation-associated
gene 5 syndrome

A man aged 52 years presented with progressive dyspnoea that had been present for

2 months. At the emergency room, he was hypoxemic with a ratio of arterial oxygen
partial pressure to fractional inspired oxygen of less than 300 (normal >500). The patient
was positive for high concentrations of anti-melanoma differentiation-associated gene-5
autoantibodies . (A) A high-resolution chest CT scan showed alveolar infiltrate in both
lungs. Infectious and neoplastic causes were ruled out. (B) Characteristic skin lesion ulcer
on elbow, (C) fingers suggesting vasculopathy , and (D) erythematous skin changes due

to dermatomyaositis. The patient was intubated and mechanic ventilation was started at the
intensive care unit. After treatment with polymyxin-B haemoperfusion, glucocorticoids,
tacrolimus, plasmapheresis, and intravenous immunoglobulin, the patient’s general condition
improved to the extent that the orotracheal tube was withdrawn and he was discharged to a
conventional ward.
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Figure 3: Clinical features and pathological findings of sporadic inclusion-body myositis
A man aged 65 years presented with slowly progressing muscle weakness that included

weakness of distal muscle groups. (A) Quadriceps were markedly atrophied and the
muscle biopsy showed (B) fibres with rimmed vacuoles (black arrow), ragged-red fibres
(black arrowhead), and (C) p62 positivity. Quadriceps image courtesy of Dr Tom Lloyd
(Department of Neurology, Johns Hopkins University School of Medicine, Baltimore, MD,
USA).
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Figure 4: Clinical features and radiological and pathological findings of antisynthetase syndrome
A woman aged 45 years presented with muscle weakness and dyspnoea. (A) A high-

resolution chest CT scan showed interstitial lung disease. She had crackles in both lung
bases and (B) mechanic’s hands. Muscle biopsy showed (C) necrotic and regenerating
muscle fibres in the perifascicular area (arrows) and (D) prominent class-1 major
histocompatibility complex positivity predominantly in the perifascicular area (arrows).
Serum was positive for anti-Jol antibodies. Jo1=histidyl tRNA synthetase.
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