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Abstract. Inflammatory disorders of the skeletal muscle include polymyositis (PM), dermatomyositis (DM), (immune

mediated) necrotizing myopathy (NM), overlap syndrome with myositis (overlap myositis, OM) including anti-synthetase

syndrome (ASS), and inclusion body myositis (IBM). Whereas DM occurs in children and adults, all other forms of myositis

mostly develop in middle aged individuals. Apart from a slowly progressive, chronic disease course in IBM, patients with

myositis typically present with a subacute onset of weakness of arms and legs, often associated with pain and clearly elevated

creatine kinase in the serum. PM, DM and most patients with NM and OM usually respond to immunosuppressive therapy,

whereas IBM is largely refractory to treatment. The diagnosis of myositis requires careful and combinatorial assessment of

(1) clinical symptoms including pattern of weakness and paraclinical tests such as MRI of the muscle and electromyogra-

phy (EMG), (2) broad analysis of auto-antibodies associated with myositis, and (3) detailed histopathological work-up of

a skeletal muscle biopsy. This review provides a comprehensive overview of the current classification, diagnostic pathway,

treatment regimen and pathomechanistic understanding of myositis.
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INTRODUCTION

Inflammatory myopathies (synonym: idiopathic

inflammatory myopathy, IIM) –in short: myositis–

are rare conditions that can affect multiple organs

apart from muscle and often lead to a severe

impairment of the quality of life [1, 2]. Diag-

nosis and treatment are often a challenge since

several subspecialities are required for optimal care,

including rheumatologist and/or neurologist, derma-

tologist, pulmonologist, cardiologist, physiotherapist

etc. Except for classical dermatomyositis (DM), the

diagnosis is mostly not straightforward and usually
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requires testing of auto-antibodies, histological eval-

uation of a skeletal muscle biopsy and further tests

including muscle MRI and EMG. Novel diagnostic

criteria have recently been established, but an update

will be required (see below for details).

Major symptoms of myositis include an acute

(within several days) or subacute (within several

weeks) onset of weakness of arms and legs (see

Table 1 for an overview of all symptoms in differ-

ent subtypes of myositis). Typical complaints include

problems in walking and climbing stairs or lifting an

object above the head. Pain is often an accompany-

ing symptom and, except for inclusion body myositis

(IBM) cases, general laboratory assessment usually

shows a profound upregulation of the creatine kinase

(CK) by 10–50 fold and elevated liver enzymes as an

indicator of muscle cell damage. As detailed below,

it is of utmost importance to (1) make a reliable and
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quick diagnosis by combining clinical, antibody and

biopsy results and (2) timely install appropriate treat-

ment (Fig. 1 and see below for details). After an

overview of the epidemiology of myositis, the follow-

ing paragraphs will discuss each of the myositis forms

including their auto-antibody findings, histopathol-

ogy of the muscle and association with malignancies.

The extramuscular organ manifestations, diagnostic

criteria and their approach, pathophysiology and the

current treatment modalities will be presented in sep-

arate paragraphs.

EPIDEMIOLOGY

All forms of myositis are considered rare diseases:

DM has a prevalence of ∼1–6 patients per 100,000

persons in the USA [3]. Overlap myositis (OM; syn-

onym: overlap syndrome with myositis) presumably

accounts for the largest group of the myositis forms

with up to half of the cases, followed by DM with

over one third of the cases [4, 5]. In a very recent

large analysis of 3067 patients from the Euromyosi-

tis registry, DM was the most common disorder with

31% [6]. Necrotizing myopathy (NM, also termed

immune mediated NM, IMNM) is thought to be the

second largest group with ∼one fifth of the cases

[4, 5]. The epidemiology of polymyositis (PM) is

controversial, ranging from the largest fraction with

∼10 per 100,000 persons in the USA [3], 27% in the

Euromyositis group [6] down to the rarest condition

that should only be diagnosed per exclusion [5]. IBM

is supposed to occur at a prevalence of up to 14 per

million [7]. Precise epidemiological data are difficult

to generate and previous publications should be con-

sidered with care since the diagnostic criteria have

changed significantly during the last decades (see

details below). Collectively, it is currently believed

that OM, NM and DM make up 90% of the myosi-

tis cases [4]. In general, females are affected more

often by myositis and a juvenile form of DM (JDM)

is noted in children and adolescents.

CLINICAL PRESENTATION,

AUTO-ANTIBODIES AND MUSCLE

HISTOPATHOLOGY

Dermatomyositis (DM)

Patients with DM present with signs of inflamma-

tion of the skin such as a Gottron papules on the dorsal

sides of the hands and fingers, a periorbital oedema,

and erythema of the face (heliotrope rash), the ante-

rior upper chest (V-sign) or the posterior neck (shawl

sign). Periungal erythema and telangiectasia as well

as cracked, thickened skin of the ventral and dor-

sal parts of the fingers and hands occur (“mechanic’s

hands”), whereas the latter is also a typical feature

of the anti-synthetase syndrome (ASS, see below)

(Table 1). The muscle inflammation causes proximal

weakness which can develop acutely (within several

days) or subacutely (within several weeks up to a

few months). The patients suffer from impaired walk-

ing and climbing stairs as well as lifting their arms

and heavy objects. Pain can be present and laboratory

workup usually displays a significant upregulation of

muscle enzymes such as serum creatine kinase (CK)

with 10–50 fold elevation.

Several variants of classical DM exist such as the

amyopathic DM (ADM; synonym: “clinically amy-

opathic DM”, CADM) in appr. 20% of the cases,

in which only skin manifestations are present but

no weakness of the muscles and no elevation of the

serum CK. However, patients with ADM often dis-

play an affection of the lungs in form of an interstitial

lung disease (ILD), which indicates a severe pheno-

type and requires more aggressive treatment [8] (see

below). Adermatopathic DM (“dermatomyositis sine

dermatitis”) is an opposite syndrome, in which the

weakness and histological signs are noted similar to

DM but without inflammatory lesions of the skin [9].

However, it is much more likely that most of these

patients are misclassified and in fact represent cases

of anti-synthetase syndrome (ASS) or other forms of

OM (see below). JDM affects children and usually

presents with fever and skin rash. Calcinosis of the

skin is common in JDM and swallowing abnormal-

ities can occur in all severe forms of DM. Further

details of extramuscular organ involvements are dis-

cussed below.

The most common and longest known auto-

antibody associated with the classical form of DM is

the Mi-2 antibody, which is found in up to 20% of the

patients with DM [10] (see Table 2 for an overview

of auto-antibodies in myositis). MDA5 antibodies

(previous term: anti-clinically amyopathic dermato-

myositis, CADM-140) were first described in 2009

[11] and are present in ∼10–30% of the DM patients,

especially in cases with vasculitic skin lesions and

a severe ILD with an increased mortality [12]. A

common antibody in DM with a frequency of about

one third of the cases is the anti-TIF-1�/�/� anti-

body, which was first described in 2006/2007 [13,

14]. TIF-1 antibodies are strongly associated with
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Table 2

Overview of auto-antibodies and their associated clinical features

Auto-antibody Frequency Typical clinical features

Anti-tRNA: Jo-1, PL-7, PL-
12, HA (YRS/Tyr), OJ, KS, 
ZO, EJ

anti-tRNA: 30% in myositis
Jo-1: 15-20% in myositis
PL-7 and PL-12: each 3 -4%
All others <2%.

Higher rate of ILD and mortality in PL-7/PL-12 than Jo-1

Anti-SS-A/Ro52/Ro60
SS-B/La

SS-A: up to 19% in myositis, 25% in OM, 
SS-B: 7% in myositis, 12% in OM
Ro52 often together with anti -synthetase, 
e.g. 56-72% of Jo-1.

Association with Sjögren’s syndr., SLE and systemic sclerosis.
Ro52 more common in myositis than Ro60; both occur in CTD. 
Ro52 and Jo-1-double positive: high rate of malignancies, poorer 
prognosis.

U-snRNP up to 10% of myositis
Associated with CTD, SLE and systemic sclerosis. Often good 
prognosis.

PM/Scl ~8-10% of myositis
Associated with systemic sclerosis. Often severe disease course and 
insufficient treatment response.

Ku up to 20-30% in OM
Associated with systemic sclerosis, SLE and CTD. High rate of ILD, 
which does not respond well to glucocorticosteroids.

Mi-2 5-10% in DM Classical DM

MDA5 15-30% in DM Often amyopathic DM, often ILD.

TIF-1// ~20% in DM Malignancy common (75%). Most common in JDM –without tumor.

NXP-2 10-15% in DM
Malignancy frequent (37.5%). Second most common antibody in JDM –
without malignancy, but often calcinosis.

SAE 2-8% in DM Often amyopathic and with ILD.

SRP 5% in myositis
Often severe with muscle atrophy, ILD and dysphagia. Often basic 
immunosuppressive treatment regimen not sufficient.

HMGCR 5-8% in myositis High frequency of malignancy.

cN1A ~30% in IBM Sjögren or SLE positive by 20-30%, even without muscle symptoms.
In IBM: more severe disease course, dysphagia and higher mortality.

ASS

NM

IBM

DM

OM

malignancies in up to 75% of adult patients; in chil-

dren, they present one of the most common antibodies

and are associated with JDM [13], but not with tumors

in this age group [15]. Another antibody with a strong

tumor association is the NXP2 antibody (initially

termed MJ antibody) [16] with a reported tumor rate

of up to 37.5% (overview in [12]). NXP2 is also the

second most common auto-antibody in children with

a frequency of up to 22% [15] and can have a high

degree of calcinosis [16]. A more recently identified

antibody that is associated with ∼8% of the DM cases

is SAE [17]. These patients often display an amyo-

pathic disease course and present with dysphagia and

a mild to moderate ILD [12].

Histopathologic signs of DM consist of a per-

imysial inflammation, perifascicular atrophy and

perifascicular elevation of MHC class 1, binding of

complement to capillaries and the surface of the sar-

colemma and reduction of capillaries [2, 18]. The

typical pathological feature of perifascicular atrophy

is more common in JDM than in DM. A recent report

demonstrates that immunohistochemical staining for

MxA protein is a more sensitive marker for DM than

other classical pathological features including peri-

fascicular atrophy [19], suggesting that this is a useful

marker for histologic workup of suspected myositis.

Polymyositis (PM)

Polymyositis (PM) is by far the rarest form of

myositis with an estimated portion of ∼5% of all

cases [2, 4, 20] and some experts even question its

existence [5, 21, 22]. A rash or other signs of inflam-

mation of the skin do not occur in PM. The diagnosis

of PM should be made by exclusion of all other types

of myositis, and, in chronic courses of presumed PM,

a muscular dystrophy should also be ruled out (see the

diagnostic criteria section below).

Although several databases, reports and registry

entries contain “PM cases” with the detection of one

of the myositis antibodies depicted in Table 1, it is

now generally well accepted that none of these is

truly associated with the disease [4, 22, 23]. Rather,

patients without a rash or other pathologic signs of

the skin and the distribution of muscle weakness as

in “PM”, with or without signs of an overlap syn-

drome (see below), could be re-classified either as

adermatomyopathic DM or overlap myositis (OM,

see below).

Histopathologic hallmarks of PM include an “inva-

sion” of muscle fibers by presence of endomysial

cytotoxic CD8+ T-cells and widespread upregula-

tion of MHC class I [2, 18]. Importantly, invasion of
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Fig. 1. Overview of the main items required for appropriate care for myositis.

muscle fibers by cytotoxic CD8+ T-cells is not unique

for PM, but even more common in IBM [24–26] and

potentially present in cases with DM or ASS [27] (see

also below). Relevant signs of protein accumulation

as in inclusion body myositis (see below) or increased

connective tissue as in muscular dystrophy should be

absent.

Necrotizing myopathy (NM)

Immune mediated necrotizing myopathy (IMNM;

in short: necrotizing myopathy, NM; synonym:

necrotizing autoimmune myopathy, NAM) leads to

an acute or subacute proximal weakness of arms and

legs. The disease course is often more rapid and

more severe compared to DM and PM. The mus-

cle enzymes are usually very high with a 20–50 fold

elevated CK. Swallowing difficulties can occur and

further organ manifestation is summarized below.

Two auto-antibodies have been shown to be asso-

ciated with NM. Anti-SRP antibodies are expected in

about 10 to 20% of patients with NM, although the

rate of detection ranges largely (from 0% to 54%,

summarized in [28]). Anti-SRP can be associated

with a cardiomyopathy [29] and a severe disease

course with muscular atrophy, interstitial lung disease

(ILD) and dysphagia [30, 31]. The second auto-

antibody that was identified in up to 60% of certain

NM cohorts is anti-HMGCR [32]. A varying degree

of 30–60% of these patients had prior exposure to

statins [33, 34]. An association with malignancy

has been shown to be higher in patients with anti-

HMGCR and without an auto-antibody compared to

patients with anti-SRP [35].

The histological picture in NM displays scattered

necrotic myofibers of varying degree, moderate and

mostly focal upregulation of MHC class I, partic-

ularly in areas with necrotic fibers, and binding of

complement to the sarcolemma [2, 18, 21, 36]. Some

inflammatory T-cells and other immune cells may be

present around these focal spots, but there are no

primary inflammatory lesions. Necrotic fibers typi-

cally display a secondary invasion by macrophages

for clearance of the cell debris. Complement bind-

ing is present in capillaries and on the surface of

muscle fibers. On electron microscopy, pipestem

capillaries may occur [37], but no tubureticular

inclusions in endothelial cells (which are present

in DM).

Overlap Myositis (OM)

Overlap myositis (OM; synonym: overlap syn-

drome with myositis) is increasingly recognized as

an individual form of myositis that itself is hetero-

geneous and presumably encompasses the largest

subgroup of myositis [4]. The term OM has been

already used since several years and relies on the iden-

tification of auto-antibodies associated with myositis

[38] (see below for details). Patients with OM present

with acute or subacute onset of weakness of arms and

legs, similar to the aforementioned types of myositis.

A profound elevation of muscle enzymes including

CK is usually present (10–50 fold). OM can be diag-

nosed in conjunction with other collagen disorders

such as Sjögren syndrome, systemic sclerosis or sys-

temic lupus erythematosus (SLE). The most common

condition within OM is the anti-synthetase syndrome

(ASS), which can be considered a distinct subform

of myositis. This consists of a typical collection

of clinical symptoms including myositis, Raynaud’s

phenomenon, arthritis, mechanic’s hands, interstitial

lung disease (ILD) and presence of anti-transfer RNA

synthetase auto-antibodies (see below for details).

The most common of the eight anti-synthetase anti-

bodies is the Jo-1 antibody, which is observed in

∼30% myositis patients according to a recent meta-

analysis [39]. Anti-PL-7 and anti-PL-12 are found

in 3-4% of the cases and all other anti-synthetase

antibodies are less common (<2%): anti-EJ, anti-ZO,
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anti-OJ, anti-KS, anti-HA(YRS/Tyr). Two large sub-

group analyses revealed a higher rate of ILD in

patients with anti-PL-7 or anti-PL-12 compared to

Jo-1 and this was accompanied by a higher mortality

[40, 41]. Apart from the anti-synthetase antibodies,

five other antibodies are associated with OM as well

as with other connective tissue disorders. They can

cause an identical clinical syndrome as ASS or some

of the features, e.g. ILD and myositis plus the indi-

vidual symptoms of the respective connective tissue

disorder. The most common of these antibodies is

anti-PM/Scl (targeting two subunits of 75 kDa and

100 kDa of a nuclear exosome complex), which is

commonly associated with systemic sclerosis and

present in up to 12% of myositis cases [39]. Anti-U-

snRNP antibodies are observed in 3–8% of myositis

patients and associated with mixed connective tissue

disease (CTD). Whereas patients with anti-U-snRNP

often have a good prognosis, anti-PM/Scl may indi-

cate a more severe course and insufficient treatment

response (reviewed in [23]). Anti-Ku antibodies are

associated with systemic sclerosis, systemic lupus

erythematodes (SLE) and other mixed and undif-

ferentiated CTD. In myositis, they are overall rare

with a frequency of 1–3%, but in overlap syndromes

with myositis, they are present in up to 19% of the

cases [39]. They have a high rate of ILD, which does

not respond well to glucocorticosteroids, whereas the

muscular symptoms usually respond [42]. Anti-SS-

A/Ro52/Ro60 and anti-SS-B/La are usually present

in Sjögren’s syndrome, SLE, and systemic sclerosis.

They occur in patients with myositis at a frequency of

19% and 7% respectively, and in OM they are present

in up to 25% and 12% of the cases [39]. SS-A has been

shown to be present in 6% of the JDM patients. The

anti-Ro52 subdomain is more common in patients

with myositis than the Ro60, whereas both are equally

present in CTD [23]. Anti-Ro52 is often present in

conjunction with anti-synthetase antibodies, e.g. in

56–72% of anti-Jo-1 positive patients. These double-

positive patients have a higher risk of malignancy and

a poorer prognosis [43].

The histological picture encompasses a perifascic-

ular necrosis and perifascicular binding of MHC class

I and class II antibodies as well as complement bind-

ing to the sarcolemma in the same areas of the skeletal

muscle [21, 44–46].

Inclusion Body Myositis (IBM)

The clinical presentation of inclusion body myosi-

tis is distinct from all other forms of myositis: The

elevation of CK is much milder (up to 10–15 fold

upregulation), the onset is much more asymmetric

and may begin with unilateral affection of one leg

or arm, e.g. the proximal leg, the forearm, or ven-

tral calf; the progression is much slower than that

of other forms of myositis, but continues relentlessly

and leads to a profound muscle atrophy [47]. The

typical pattern of muscle involvement includes weak-

ness of the long finger flexors, the quadriceps, the

tibialis anterior and, usually to a lesser extent, all

other muscles of arms and legs. Swallowing problems

(dysphagia) are common and may present as the ini-

tial symptom. The weakness often leads to injurious

falls and the dysphagia may cause aspiration pneumo-

nia, which explains a higher rate of mortality in these

patients [48]. More male than female are affected (2

to 3 fold) and most patients are above 50 years of age

when the first symptoms evolve, yet the diagnosis

may be made even much later [49, 50]. Skin changes

are not present.

The only antibody associated with IBM is cN1A

(5NT1A / 5NTC1A, initially termed “Mup44”). It

has been identified a few years ago [51, 52] and

was initially thought to be present in more than

half of the patients. More recent observations have

demonstrated that in most cohorts the frequency

is about 30% and only rarely as high as 60% and

above; Importantly, in addition to other forms of

myositis including DM, many other conditions such

as Sjögren’s syndrome and SLE were also positive by

∼20–30%, even in absence of any muscle symptoms

[53, 54]. This was recently corroborated in a Japanese

cohort [55]. Recent data in reasonably sized IBM

cohorts suggest that presence of cN1A is associated

with a more severe disease course and dysphagia [56]

and a higher mortality [57]. By contrast, in a group

of 20 German patients, presence of cN1A did not

correlate with the severity of dysphagia or muscle

impairment [58].

The histological picture encompasses “invasion”

of muscle fibers by endomysial cytotoxic CD8+

T-cells, widespread and moderate to strong upregu-

lation of MHC class I, signs of protein accumulation

by detection of amyloid (Congo red, thioflavin S,

immunohistochemistry for p62 or TDP-43), detec-

tion of tubulofilaments on EM, vacuoles and signs

of mitochondrial damage as evidenced by histo-

chemical proof of COX-deficient muscle fibers, and

paracristallin inclusions [2, 59]. However, signs

of protein accumulation can be absent, even the

“canonical” feature of rimmed vacuoles can be

missing [25, 26].
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ASSOCIATION WITH MALIGNANCY AND

EXTRAMUSCULAR MANIFESTATIONS

All forms of myositis except IBM have been

shown to be associated with varying frequencies

of malignancies with an increased risk by 2- to 7-

fold compared to the general population [60–63]. As

stated in the section on antibodies above, this risk

of malignancy is particularly high in DM cases with

anti-TIF-1 or anti-NXP2 antibodies as well as NM

cases with anti-HMGCR antibodies. Patients with-

out detectable presence of an auto-antibody may also

suffer from cancer as evidenced in cases with NM (see

above). The risk is highest within one year before and

after the diagnosis of myositis and remains elevated

within a time span of about 3 years. The types of

malignancy in myositis include cancer of the lung,

breast and ovary as well as lymphoma. All patients

with newly diagnosed myositis should receive a CT-

scan (or MRI) of the chest and abdomen, and in

certain cases with high level of suspicion, possibly

a PET-CT and tumor markers. Further tests such

as ultrasound of the abdomen and gastroscopy or

colonoscopy or referrals to specialists depend on the

individual situation of each patient. Depending on

the outcome of the tumor screening and the clinical

course of the myositis, tumor screening should be

repeated at least once a year for at least three years.

A range of extramuscular organs can be affected in

myositis: lung, heart, joints, skin, kidneys and others.

The skin is a commonly affected organ in myosi-

tis. The clinical presentation of skin manifestation

in dermatomyositis with Gottron’s sign, heliotrope

rash of the eye lids, shawl and V-sign have been

explained in more detail above. Mechanics’ hands

and Raynaud’s phenomenon have been mentioned in

the ASS section above. In addition, in systemic scle-

rosis, the skin of hands and feet displays scars, ulcers

and becomes thickened. Fingers and toes may display

an impaired mobility (sclerodactyly) and the disease

can progress to more proximal areas of arms and legs.

Opening of the mouth can be impaired (microstomy,

“tobacco pouch mouth”) and the face may appear like

a mask. Telangiectasia and Raynaud’s phenomenon

are common. Skin changes that occur in SLE include

the typical “butterfly rash” (or malar rash) and can

present as red, scaly patches of skin –so called dis-

coid rash. A rash typically evolves in sun exposed

skin. Further manifestations include hair loss, telang-

iectasia and calcinosis. Patients with suspected OM

or detection of an auto-antibody of the anti-synthetase

group or anti-Pm/Scl, anti-SS-A/Ro, anti-SS-B/La

should be screened for any of the above mentioned

skin changes.

Lung disease is a typical concomitant manifes-

tation in myositis and the frequency and severity

depends on the respective myositis subtype [64]. As

mentioned and highlighted above, ILD is common

in ASS [65]. The pattern of pulmonary manifes-

tations includes pulmonary hypertension, serositis,

and various degrees of ILD [64]. Ventilation can

be additionally impaired by inflammation and weak-

ness of the diaphragm and other muscles required for

breathing. Symptoms of ILD include dyspnoea and

cough, which can be dry and non-productive. Apart

from all anti-synthetase antibodies, ILD in patients

with myositis is associated with anti-U-snRNP, anti-

PM/Scl, anti-Ku, anti-MDA5, and anti-SRP [39] (see

the respective disease sections above and Table 2).

Apart from malignancy, ILD is one of the most crit-

ical organ manifestation in myositis and severe ILD

is clearly associated with an increased rate of mor-

tality in myositis [66]. Therefore, patients should

be asked for symptoms of lung involvement and

pulmonary function tests should be performed in

all cases. A (high-resolution) computed tomography

(CT) of the chest should be routinely considered,

depending on the presence of pulmonary symptoms,

the overall severity of the myositis, the type of auto-

antibody and other reasons for chest imaging such as

screening for malignancy. Typical findings of an ILD

include reticulation, linear and ground-glass opac-

ity, peribronchovascular thickening, cystic spaces

with thickened walls (“honeycombing”) and traction

bronchiectasis [66]. The chest CT should be evalu-

ated by a physician experienced in conditions with

ILD and the clinical management of ILD should be

conducted together with a pulmonary specialist in a

multi-disciplinary fashion (see also below).

Inflammation of joints is common in connective

tissue disease (CTD) and overlap syndromes with

skin involvement, especially in ASS. Symptoms of

arthritis include swelling, pain and stiffness of the

joints. Typically, small hand joints are affected as well

as wrist, hip, knee, and ankle. The diagnosis can be

supported by changes on X-ray such as joint space

narrowing and bone erosions.

Involvement of the heart is not uncommon in

myositis and overlap syndromes, but it is often not

recognized. The heart can be affected in form of a

cardiomyopathy, serositis or pericarditis as well as

conduction problems. Involvement of the heart is

associated with an increased mortality [67]. Typical

symptoms of heart involvement include dyspnoea,
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especially during exercise, and arrhythmia. Testing

should include an ECG, potentially over 24 hours to

detect arrhythmias, echocardiography, and, if avail-

able, MRI of the heart. Upon identification of heart

problems, a cardiology specialist should be con-

sulted for interdisciplinary treatment. Apart from

symptomatic treatment for the heart, an intensified

immunosuppression should be considered in these

cases.

The gastrointestinal tract and liver can be affected

in overlap syndromes and particularly impair func-

tion of the pharynx and oesophagus [68]. The

symptoms range from a mild dysphagia with occa-

sional coughing during eating to a severely impaired

food passage with choking etc., possibly requiring

a nasogastric or even a percutaneous feeding tube.

Danger of unrecognized swallowing problems is the

risk of aspiration with subsequent pneumonia or

even death. Symptoms of dysphagia include repeated

clearing of the throat during eating, coughing, a pro-

longed duration of food intake, feeling that “food gets

stuck”, and choking. Importantly, patients may not

report their symptoms without specific questions for

it, e.g. by using specific swallowing questionnaires

such as the Swal-Quol, Sydney swallowing ques-

tionnaire etc. Apart from speech therapy, patients

can receive specific treatment such as local injec-

tions of botulinum toxin treatment for IBM (see

section on IBM below for details). The diagnostic

tests for evaluation of dysphagia include a fiber-optic

endoscopic evaluation of swallowing. Patients with a

confirmed swallowing abnormality should receive a

fluoroscopy, an X-ray based assessment. In the future,

real-time MRI may become available for general

assessment of swallowing [58].

Other extramuscular manifestations are more rare

in myositis, such as an involvement of the kidneys,

which is seen in ∼60% of the patients with SLE

(“Lupus nephritis”) with typical signs of renal dys-

function including oedema of the legs, proteinuria

and haematuria. As a rare event, thromboangiopathic

renal crisis can occur in systemic sclerosis in con-

junction with initiation or high dose application of

steroid treatment. Recently, such an event has also

been demonstrated in an ASS case with anti-PL7

antibody [69].

CLASSIFICATION CRITERIA AND

DIAGNOSTIC PARAMETERS

Most international experts agree that the current

gold standard for a reliable diagnosis of myositis

requires i) a robust clinical assessment including

the pattern of weakness and paraclinical parameters

such as MRI and CK etc., ii) a broad assessment

of auto-antibodies, preferably a line-blot assay

that covers all currently available auto-antibodies

in myositis, iii) a muscle biopsy with detailed

histological and immunohistological work-up that

allows subtyping of the different pathological

entities. This traditional concept [1, 2] is valid

despite the recent publication of novel criteria for

myositis that have been formally accepted by ACR

and EULAR [70, 71]. These criteria have been

developed by using a large, yet not sufficiently

well characterized patient group of 976 patients

with myositis. 12 clinical parameters are used

and transformed into a numerical value: age, sex,

pattern of weakness, signs of skin manifestations,

laboratory features including Jo-1 antibody and 4

facultative biopsy parameters including pattern of

inflammation, perifascicular atrophy and vacuoles.

The total numerical score for each value is then used

for classification into JDM, DM, ADM, IBM and

PM –either with or without biopsy data– and each as

“definite”, “probable” or “possible”. An easy to use

web-calculator for this algorithm has been set up:

http://www.imm.ki.se/biostatistics/calculators/iim/.

The sensitivity and specificity of the new criteria

have been compared to all relevant previous diag-

nostic criteria by Bohan & Peter [72], Tanimoto et

al. [73], Targoff et al. [74], Dalakas and Hohlfeld

[75], and ENMC Hoogendijk et al. [18]. The new

criteria reached an overall sensitivity of 93% with

biopsy and a specificity of 88% with biopsy and

both was considerably lower without biopsy (87%

sensitivity and 82% specificity). The sensitivity with

a biopsy was comparable to the Bohan & Peter,

Tanimoto and Targoff criteria and better than the

Dalakas & Hohlfeld criteria, which were only 6%

sensitive and the Hoogendijk criteria, which were

52% sensitive. The specificity was better than Bohan

& Peter (55%) and Tanimoto (31%), comparable to

Targoff (89%) and lower than Dalakas & Hohlfeld

(99%) and ENMC Hoogendijk (97%). The authors

acknowledge that their new criteria have limitations

and these are further corroborated by recent commu-

nications to the publication [76–78]: i) The group of

patients is large, but a significant part of them has

not been worked up in sufficient detail, as evidenced

e.g. by the lack of biopsy results, ii) The entities NM

and OM are not represented since these diagnoses

were not sufficiently present –and it is highly likely

that many patients within the Euromyositis registry

http://www.imm.ki.se/biostatistics/calculators/iim/
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are diagnosed as PM or DM in error, but actually

suffer from OM or NM, iii) a broad antibody profile

is lacking in many patients so that distinction of

TIF-1, NXP-2, MDA-5, Mi-2, SRP, HMGCR etc. is

not possible. The authors acknowledge that there is a

need to validate the newly published diagnostic crite-

ria, which they call “provisional”, and to revise them

for inclusion of more auto-antibodies, more specific

biopsy features, and inclusion of NM and OM as

separate entities, since both belong to the spectrum

of myositis subtypes as recently suggested [4].

None of the above mentioned myositis classifica-

tions include the diagnostic panel of auto-antibodies

“myositis specific auto-antibodies” (MSA) and

“myositis associated antibodies” (MAA). This

distinction between MSA and MAA has been estab-

lished several years ago and, due to recent findings

of myositis in MAA cases and presence of MSA

in cases without myositis, the arbitrary distinction

between MSA and MAA appears to be outdated and

currently rather obsolete. This is in line with the word-

ing of recent summaries on myositis auto-antibodies

by others [10, 22].

Initial criteria for IBM have relied strongly on his-

tological criteria [79], whereas old ENMC criteria

[80] and those from Dalakas [81] equally weighted

clinical and histological features. The criteria for IBM

have recently been redefined by an ENMC workshop

[59] with suggestion of the clinical parameters that

patients should be above 45 years, have a CK of less

than 15-fold elevated, and clinical features of fin-

ger flexors weaker than shoulder abductors and/or

quadriceps weaker than hip flexors. The histological

parameters include signs of endomysial inflamma-

tion as well as rimmed vacuoles and signs of protein

accumulation [47, 59]. The parameters were assessed

in total and produced either “clinico-pathologically

defined IBM”, “clinically defined IBM” or “probable

IBM” [47, 59]. A combination of three of the relevant

parameters of the new ENMC criteria appear to be

ideally suited to diagnose IBM at 90% sensitivity and

96% specificity as evidenced in a computer-based,

unbiased assessment of 371 patients (200 IBM vs.

171 other myopathies): (1) finger flexor weakness or

quadriceps weakness, and (2) endomysial inflamma-

tion, and (3) either invasion of nonnecrotic muscle

fibers or rimmed vacuoles [82].

In addition to the clinical parameters, which

should be compared with those summarized in

Table 1, patients should be assessed by paraclinical

methods. Particularly MRI parameters such as

inflammation, fibrosis and atrophy can be used to

determine the (subclinical) pattern of disease activity

[83, 84]. Ultrasound can help to distinguish a pattern

of affected muscles [85] or at least help to identify

a suitable muscle for biopsy [86, 87]. Apart from

using MRI for diagnosis, it is a suitable tool to

check for acute damage and current inflammation. A

whole body MRI is now considered a state-of-the-art

technique that helps to identify involvement of

muscles even at a subclinical level [88, 89]. MRI is

also useful for detection of muscle inflammation in

juvenile myositis [90, 91]. In IBM, MRI can be used

to identify the pattern of affected muscles, which

has been shown to correlate well with other clinical

parameters [92] and displays a high diagnostic

accuracy and specificity for the disease [93]. Precise

and broadly accepted scoring algorithms will help

to improve the future use of MRI as an additional

clinical follow-up item and further its use for clinical

trials [94]. EMG changes are non-specific and do not

help to differentiate between the different myositis

subforms. Spontaneous discharges as seen in acute

myositis can even give rise to an erroneous suspicion

of motor neuron disease. An EMG can be useful to

distinguish between acute changes in myositis and

weakness due to steroid myopathy. In addition to the

mere myositis diagnosis, paraclinical assessments

should be performed in order to identify underlying

conditions such as a malignancy or an organ man-

ifestation such as interstitial lung disease (see each

subgroup section for the respective diagnosis).

Pathomechanisms

A detailed summary of the underlying path-

omechanisms of myositis is beyond the scope

of this clinically oriented review. The mecha-

nisms in myositis have been recently reviewed

elsewhere: inflammatory mechanisms [95], over-

all/ mixed mechanisms [1, 96, 97], genetic factors

[98], non-inflammatory mechanisms [99], myokines

[100], innate immunity [101], and mechanisms in

IBM [102].

Cellular immune mechanisms include cytotoxic

CD8+ T-cells that make cell-to-cell contact with mus-

cle fibers and exert their cytotoxic granules with

perforin and granzyme B in direction of muscle

fibers [103, 104]. Several reports have consistently

shown that, in PM and IBM, these T-cells clonally

expand within the muscle [105–107] and that individ-

ual clones can be tracked over years by T-cell receptor

profiling and laser capture microdissection [108]. On

the other hand, in PM and IBM, a clonal expansion of
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B cells has also been identified [109, 110], which sup-

ports the pathogenetic relevance of B-cells in these

disorders. It is currently believed that, by local secre-

tion of a range of pro-inflammatory cytokines and

chemokines [95, 111, 112], muscle fibers can directly

contribute to the inflammatory milieu in the mus-

cle with attraction and local activation of immune

cells that subsequently attack the muscle fibers [104].

Mediators of the innate immune system are also noted

in myositis and expression of Toll-like-receptors

is present on the sarcolemma of muscle fibers

[113, 114].

Apart from inflammatory pathways, non-immune

mechanisms are also operational in myositis muscle

[99, 115], including ER-stress, NFκB-activation and

free radicals such as NO. Such cell stress mechanisms

are supposed to cause weakness of the skeletal mus-

cle, even in absence of structural damage inflicted

by cell lysis, protein aggregation or a cell death cas-

cade [116]. In IBM, several lines of evidence suggest

that there is a distinct interaction between inflam-

matory mechanisms, vacuolar transformation and

accumulation of amyloid [117]. More recent evidence

suggests that potential mediators in this network of

events could be HMGB1, its receptor RAGE [118],

intra-fiber production of NO by iNOS [119], or over-

expression of the heat-shock protein �B-crystallin

[120].

The HLA 8.1 haplotype has been identified to be a

risk factor for myositis in a genome-wide analysis of

1710 patients with myositis vs. 4724 controls [121].

This was confirmed and explored in more detail by a

single-nucleotide polymorphism (SNP) analysis via

an immunochip assessment of 2566 myositis patients

[122], which identified several variants within the

HLA 8.1 that were associated with certain subsets of

myositis including IBM [123]. Outside of the HLA

molecules, the strongest association was observed

with the PTPN22 gene in PM, but not in DM or other

subtypes [122].

Autophagic activity has been associated with the

accumulation of amyloid in IBM [124]. Recently,

variants in the genes of VCP, SQSTM1 and FYCO1

were identified and the latter has been shown to be

relevant for autophagic activity. This suggests that a

variation in FYCO1 expression may contribute to the

autophagic degeneration in IBM muscle [125].

It has been suggested for over two decades that

myositis is associated with environmental factors

[126]. Recent data have demonstrated that exposure

to UV radiation [127, 128], infections [129] and

various other environmental factors can have a pro-

tective or triggering role in myositis [130, 131]. It

is hypothesized that environmental factors, in pres-

ence or absence of underlying genetic preconditions,

can modulate immune mechanisms that either reduce

inhibitory factors or increase stimulatory effects and

that this triggers or aggravates an auto-inflammatory

cascade [130].

DISEASE COURSE AND TREATMENT OF

DM, PM, NM AND OM

Overall, a majority of the patients does respond

reasonably well to the immunosuppressive treatment

detailed below. Yet, it is important to point out that

many patients continue to progress despite intense

treatment efforts because the muscle inflammation

cannot be sufficiently controlled. Another reason for

persistent muscle weakness is a delayed start of the

treatment, which can lead to an irreversible muscle

damage with fibrosis or fat replacement. These ele-

ments of the course of myositis explain the profound

burden of disease with an elevated morbidity and

mortality in all subforms [132–134].

Glucocorticosteroids are the mainstay of the treat-

ment for PM, DM, NM, and OM, whereas IBM

is treated differently and will be reviewed sepa-

rately below [1]. The rational for glucocorticosteroids

relates to several old non-controlled trials and case

series and is well accepted by all societies and med-

ical subspecialities. Usually prednisolone is given

orally at a dose of 0.5–1.0 mg/kg per day (see Fig. 2

for an overview of the treatment regimen). Partic-

ularly in acute and severe cases, the treatment can

be initiated with an intravenous high dose pulse of

250–1000 mg per day for 3 to 5 days. The CK value

should not be the sole parameter for decision of

steroid tapering: steroids should be continued for

about 4–12 weeks and a reduction can be considered

once an obvious clinical improvement can be doc-

umented per muscle strength (MRC sum score) or

subjective/objective assessment scales (see below).

Tapering needs to be performed slowly by 10 mg

every 1 or 2 weeks until 20 mg/day is reached. Sub-

sequent tapering should be done in 2.5–5.0 mg steps

every 1 or 2 weeks, depending on the course of

the disease. A maintenance dose of ∼5 mg pred-

nisolone per day is often necessary, at least for an

interim phase or even long-term. Treatment with glu-

cocorticosteroids on alternating days can be a useful

alternative with less long-term side-effects and –at the

same time– possibly an even higher efficacy [135].
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The alternate day regimen was even associated with

a higher long-term survival rate compared to daily

application [136]. A third regimen of steroids in

myositis is the monthly oral pulse treatment with 4

days of 40 mg/day dexamethasone [137]. This dosing

achieved similar efficacy, and at the same time caused

less side-effects. Potential long-term side-effects of

steroids include osteoporosis, cataract, atrophy of the

skin, diabetes mellitus, hypertension, mood swings,

weight gain, and increased risk of infections. All

patients receiving long-term steroid treatment (for

several years) should receive 1000 mg/day calcium

and 500 IU vitamin D. Long-term immunosup-

pression should be started in parallel with the

steroid, unless only a very moderate disease course

is present. Immunosuppressants include methotrex-

ate (MTX), azathioprine (AZA) or mycophenolate

mofetil (MMF). A Cochrane analysis compared all

available clinical studies with these and other agents

in myositis and could not identify any significant effi-

cacy [138]. However, given a range of case series and

expert experience and in view of the known patho-

genesis of the disorders, it is international consensus

to use glucocorticosteroids as well as immunosup-

pressants for treatment of myositis in an off-label

fashion. MTX is given once a week at a dose of

5–20 mg (Fig. 2), followed by 5–10 mg folic acid on

the following day. It can be applied orally or subcuta-

neously –the latter is usually better tolerated in view

of gastrointestinal side-effects. Side-effects of MTX

include leukopenia, elevated liver enzymes, an inter-

stitial pneumonitis, and pulmonary fibrosis. Before

use of AZA, it is advisable to assess the enzymatic

activity of the thiopurinmethyltransferase (TPMT). If

the activity is normal, AZA can be started at orally

50 mg/day for the first week and then increased every

week up to 200 mg/day and more, given once a day

or divided into three doses. In patients with reduced

TPMT activity, an initial dose of 25 mg should be

used and a much slower and careful dose increase

should be performed. The optimal dose is distin-

guished by the absolute lymphocyte count, which

should be between 600 and 1000 cells per �l. Main

potential side effects of AZA are leukopenia, malig-

nancy, liver damage and a range of gastrointestinal

symptoms. The choice of the primary immunosup-

pressant depends on the co-medication, concomitant

illnesses and personal experience with the drug by

the physician. If both MTX and AZA are not well

tolerated, MMF can be used and is usually started

at 500 mg twice per day. The dose can be increased

to 2.0 or 2.5 g or even 3.0 g/day, divided into three

Fig. 2. Overview of the basic and escalating treatment modalities

in myositis (modified from [1]).

daily doses. Even if the lymphocyte count may be

reduced quickly by all immunosuppressants, the bio-

logic immunosuppressive effect of AZA, MMF and

MTX can take several weeks before it starts: MTX

and MMF may have a delay of up to 12 weeks and

AZA can have a delay of up to 3 to 6 months (or rarely

even up to one year) until clinically effective. A dose

increase of AZA, MMF or MTX should be performed

in biweekly intervals with regular monitoring of all

relevant parameters of the blood including full blood

count, liver and renal function tests.

In case the standard regimen with steroids and

the above mentioned immunosuppressants is not

tolerated or not sufficiently effective, two alter-

native options are available: oral ciclosporin or

intravenous immunoglobulin G (IVIG). Ciclosporin

(cyclosporine A, CsA) (or its modified drug

tacrolimus) is an effective immunosuppressant that

can be used either as replacement or in combination

with other immunosuppressive drugs. Side-effects

include gastrointestinal symptoms, hypertension,

kidney disease, and malignancy. Dosing of CsA

should be done according to therapeutic plasma
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levels, which should be checked regularly. Of note,

most immunosuppressants are potentially embry-

otoxic or gonadotoxic (overview in [139]). In

particular MTX, MMF and cyclophosphamide need

to be avoided during pregnancy. AZA and CsA

are considered less toxic and several reports have

demonstrated a normal child development, but if

possible it still appears advisable to avoid any

immunosuppressive drug several months before con-

ception (for female as well as for male!) and during

pregnancy.

IVIG is another well established alternative or add-

on treatment for myositis, which has been shown

efficacious in several clinical studies and case series,

particulary in DM and NM (recent overview in [140].

IVIG is applied at 1-2 g/kg per treatment cycle every

3 to 6 weeks (potentially every 8 weeks), usually over

1 to 2 or 3 days at a daily dose of 0.5–1.0 g/kg. The

individual dose for each patient needs to be estab-

lished over several treatment cycles. The total dose

depends on the clinical effect of IVIG and the daily

dose depends on how the drug is tolerated by the

patient. Potential side effects are allergic reactions,

headache, fever, thrombosis, and haemolysis. Many

of the effects are associated with the dose and the

infusion rate. Allergic reactions and the overall tol-

erability of IVIG often also depend on the specific

formulation and may be abolished by changing the

supplier. The therapeutic effect of IVIG is expected

to be similar across all products.

If standard immunosuppression and IVIG are not

sufficient, a treatment escalation to rituximab (RTX)

or cyclophosphamide (CYC) should be considered.

RTX has recently been tested in a trial with 200 juve-

nile and adult patients with myositis [141]. Although

the primary end-point was not reached, presumably

due to the study design, the overall response to RTX

is generally interpreted as successful since a major

part of the patients clearly improved during the trial

[142].

In addition to the basic pharmacological treat-

ment of DM, PM, NM, and OM as detailed above,

several points should be considered for specific

subcategories: a) in all of the patients, an ini-

tial and, depending on the type of myositis and

auto-antibody status, also repeated screening of

malignancy should be performed and treatment of the

tumor should be prioritized vs. immunosuppression;

b) in NM, the standard regimen is often not suffi-

cient to achieve remission so that an add-on treatment

with IVIG and/or escalation treatment with RTX is

often required, particularly in patients with anti-SRP

antibodies [143, 144]; c) involvement of the skin will

require protection from sunlight/ UV exposure and

add-on treatment with topical treatment, e.g. with glu-

cocorticosteroids; IVIG has been shown efficacious

regarding skin lesions in DM [145] and, particularly

in juvenile DM, anti-malaria drugs (hydrochloro-

quine) can be useful [146]; d) the management of

ILD should be performed interdisciplinary together

with a pulmonologist and usually requires a more

aggressive treatment (overview in [66, 146]) with a

combination of high-dose glucocorticosteroids and

an immunosuppressant such as AZA plus either RTX

or CYC; milder forms may be sufficiently controlled

by addition of CsA; MTX should be used with cau-

tion in patients with ILD since it may itself induce a

pneumonitis; IVIG may be a temporary option dur-

ing infection or an alternative/add-on treatment in

patients with ILD and contraindications for immuno-

suppressive escalation therapy.

Apart from pharmacological treatment, patients

with any form of myositis should receive physio-

therapy from the beginning of the disease. Historic

reports that suggest to avoid exercise during the acute

phase are obsolete. Physiotherapy should include all

aspects of rehabilitative medicine and non-fatiguing

resistance exercise as long-term therapy of all patients

until clinical symptoms are fully resolved [147].

TREATMENT OF IBM

No effective treatment is currently available for

IBM [47]. In particular, the standard immuno-

suppressive regimen with glucocorticosteroids and

immunosuppressants does not lead to an improve-

ment of impaired muscle strength as evidenced

by several clinical trials with glucocorticosteroids,

MTX, CsA etc. (reviewed in [47]). Therefore,

treatment with glucocorticosteroids or immunosup-

pressants is usually not recommended in IBM.

Alemtuzumab did lead to a transient improvement in

some patients within an unblinded proof-of-concept

study [148]. In a post-hoc analysis, downmodulation

of inflammatory markers was noted, but degenera-

tive molecules remained unchanged [149]. However,

due to the uncontrolled nature and small size of the

study, the results need to be interpreted carefully and

are not sufficient to justify a treatment with alem-

tuzumab in IBM –a clinical trial would be warranted

to study the effect. Three placebo-controlled clinical

trials assessed IVIG in IBM over 3 to 6 months: two

of the studies observed a small increase of some of the
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outcomes including MRC scale and swallowing func-

tion [150–152] (overview in [47]). IVIG was further

evaluated in several uncontrolled case-series, which

showed an improvement of dysphagia and muscular

weakness [153–155]. However, all clinical IVIG tri-

als missed their primary outcome, which most likely

is explained by an insufficient duration of the studies

(3 months in 2 studies and 6 months in 1 study) so

that a reliable conclusion for the use of IVIG in IBM

cannot be made [140]. In view of the positive case

series in this devastating disease that often is asso-

ciated with severe dysphagia, aspiration pneumonia

and an increased mortality [48], a probatory treat-

ment with IVIG for 6 months with a dose of 1-2 g/kg

every 6–8 weeks appears to be justifiable in such

patients [47, 156, 157], yet its use may be restricted

by national reimbursement policies. An international

group of experts does currently establish the stan-

dard of care for IBM including all pharmacological

and non-pharmacological treatments [158].

About 2/3 of the patients suffer from varying

degrees of impaired swallowing, sometimes even as

the sole symptom [2, 47]. Cause of the swallow-

ing is a functional stenosis of the upper oesophagus

sphincter, which can be detected by videofluoroscopy

[159] or real-time MRI (the latter in a research

setting) [58]. Local treatment possibilities include

cricopharyngeal myotomy, pharyngoesophageal bal-

loon dilatation and repeated injections of botulinum

toxin into the upper oesophageal sphincter [47, 157].

Since recent data suggest an impaired laryngeal

excursion as cause of dysphagia in IBM [160], a

beneficial effect of balloon dilatation should not

be expected and our own interpretation is that the

dilatation may even cause additional muscle dam-

age in the pharynx/oesophagus. The cricopharyngeal

myotomy is an effective technique, but it is irre-

versible and patients may later suffer from reflux

or other swallowing problems. Local injections of

botulinum toxin have been demonstrated to be effec-

tive in IBM in several case series [161–164] and our

own experience also supports this treatment (unpub-

lished observations). Once dysphagia has evolved,

it is likely to persist and worsen. Regular screen-

ing for aspiration including a fiberoptic endoscopic

evaluation of swallowing (FEES) is advisable in

order to identify dysphagia and prevent aspiration

pneumonia or even risk of death, which is more

common in IBM patients with severe dysphagia

[48]. Weight management should be conducted to

avoid cachexia and if other treatment options fail,

a percutaneus feeding tube should be considered

to avoid aspiration and assure sufficient calorie

supply.

ASSESSMENTS OF THE DISEASE

COURSE AND OVERVIEW OF RELEVANT

CLINICAL TRIALS

In clinical practice just as much as in clinical

studies, clinical scales are required that allow a

quick and reliable comparison of two visits of the

patient (see [165] for a recent overview). This is

indispensable for a consistent evaluation of the treat-

ment and decisions of dose escalation including the

switch to a more aggressive drug. The International

Myositis Assessment and Clinical Studies Group

(IMACS) has developed highly relevant assessment

tools that provide appropriate clinical measures: six

items were contained in the core set of disease activ-

ity including physicians’ and patients’ global activity

assessment, muscle strength (manual muscle test-

ing), functional disability, muscular enzymes and

extramuscular disease activity [166, 167]. The extra

muscular disease activity is an important compo-

nent of the core set since it reflects tissue damage of

joints, lung, skin, heart, or the gastrointestinal system

[168]. Recently, the core set measures were trans-

formed into a numeric scale and weighted depending

on their impact on the final score; this composite

score was officially accredited as “response criteria”

by the American College of Rheumatology (ACR)

and the European League Against Rheumatology

(EULAR) for adult myositis [169, 170] as well as

for juvenile myositis [171, 172]. Manual muscle test-

ing of a group of muscles (MMT-6 or MMT-8) is

an important component of this longitudinal assess-

ment in myositis and should be performed by the

physician at each clinical visit. In order to capture

the endurance component in addition to the short

maximal strength, the functional index and its sec-

ond version have been developed for myositis [173]

and it has been demonstrated that a 2-minute walk

test is a reliable measure in patients with IBM [174].

Patient reported outcome (PRO) measures such as the

health assessment questionnaire (HAQ) are an essen-

tial component of long-term observation of myositis

patients. It is important to note the degree of pain,

fatigue, and severe, often nearly ubiquitous pruritus

as in DM and morphological affection of the skin –the

latter by using the Cutaneous Dermatomyositis Dis-

ease Area and Severity Index (CDASI) [167, 175].

Two very similar, useful and strongly correlating
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PRO’s have been developed for IBM: the inclusion

body myositis functional rating scale (IBM-FRS)

[176] and the sporadic inclusion body myositis phys-

ical functional assessment (sIFA) [177]. Another tool

that was developed specifically to capture functional

and endurance aspects in patients with a myopathy

including myositis is the adult myopathy assessment

tool (AMAT) [178]. In an international effort, PRO’s

for myositis are currently assessed with the aim of

making them more precise and reliable [179]. Partic-

ularly in patients with dysphagia, it is important to

also include a scale that captures symptoms of swal-

lowing, e.g. the Sydney Swallowing Questionnaire

(SSQ) [180].

Regarding the number of major clinical trials in the

past decades, inflammatory myopathies (and neuro-

muscular disorders in general) have been neglected

compared to other disease areas. This has changed

tremendously in recent years and it is expected that

neuromuscular disorders will stay in the focus of

interest for the coming years. Several clinical trials

in DM and/or PM have been conducted recently or

are currently ongoing. The ideal classification that

can be used as an easy and reliable inclusion crite-

rion for clinical trials is still not existent. The recently

published classification criteria [70, 71] have inher-

ent problems as discussed above and, therefore, do

not appear to be useful without additional diagnos-

tic items such as the antibody status. It is beyond the

scope of this review to discuss all of the recent trials

and only a small selection can be discussed here (for

a broader recent overview see [181]): Belimumab is

an inhibitor of the B cell activation factor (BAFF)

and is studied for the maintenance of DM/PM in a

placebo-controlled phase 2/3 trial (NCT02347891 on

clinicaltrials.gov). A placebo-controlled phase 2 trial

with tocilizumab, an IL-6 receptor blocker, is ongoing

(NCT02043548). A placebo-controlled phase 3 trial

in all subforms of myositis with Abatacept, a CTLA-

4 fusion protein that acts as co-stimulation inhibitor

for T-cells, was started in 2017 (NCT02971683). A

placebo-controlled phase 3 trial in DM with the IVIG

Octagam 10% was started in 2017 (NCT02728752).

Basiliximab, a novel calcineurin inhibitor, is cur-

rently studied as an add-on drug in an open label phase

2 trial in patients with ILD in ADM (NCT03192657).

IFN-Kinoid is an immunizing drug that induces gen-

eration of neutralizing anti-IFN-� antibodies and

is currently studied in a single-placebo-controlled

phase 2 study in DM (NCT02980198). The clinical

trials on DM and PM with BAF321, a sphingosine

1-phosphate (S1P) receptor modulator that inhibits

lymphocyte migration out of lymph nodes, have been

terminated. TNF-� blockers should be rather avoided

in myositis since worsening has been described

[182, 183].

A recent phase 2b/3 study with bimagrumab, a

monoclonal antibody that acts via the myostatin-

mediated induction of muscle growth [184], has

failed its primary endpoint 6-minute walk test,

but the full data have not yet been published

(NCT01925209). In a recently completed double-

blind, proof-of-concept study (phase 2b), 44 patients

with IBM were treated with oral 2 mg/day rapamycin

vs. placebo for one year [185]. Although the quadri-

ceps strength as primary outcome measure was not

improved, several clinical parameters including the

6-minute-walk test and a functional composite index

displayed a significant positive treatment effect. This

is the first clinical study in IBM with a sufficient

duration that shows a significant and clinically mean-

ingful improvement, which supports the conduction

of a larger trial with rapamycin in the future. Another

recent concept study was conducted with arimoclo-

mol, which was effective in the valosin-containing

protein (VCP) mouse model, muscle cell cultures and

was well tolerated in a small, double-blind, placebo-

controlled phase 2 trial in IBM over 4 months with

additional 8 months clinical assessments [186]. A

large, double-blind, placebo-controlled phase 2 trial

has recently started in 150 IBM patients who will

receive 400 mg arimoclomol three times per day for

one year (NCT02753530). Further recent clinical

studies and potential drug targets for future efforts

have been reviewed by us before [47, 156].

CONCLUSIONS

Inflammatory myopathies are heterogeneous dis-

orders that, apart from an often severe and acute

inflammation of the muscle, can affect several extra-

muscular organs. The main subtypes of myositis

include DM, PM, NM, IBM, OM, and ASS. The clas-

sification and management of the different subforms

usually requires attention by a multi-disciplinary

team that includes expertise from several specialities:

rheumatology, neurology, dermatology, neuropathol-

ogy, pulmonology and others. The diagnosis is

based upon a combined assessment of i) the clini-

cal symptoms and course of the disease including

muscle MRI and screening for extramuscular organ

manifestation such as ILD, ii) a full screening of

auto-antibodies associated with myositis including
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anti-synthetase antibodies, Mi-2, Jo-1, TIF-1, NXP-

2, SRP, HMGCR, cN1A and others, iii) a detailed

histopathological workup of a muscle biopsy includ-

ing immunohistochemical subtyping of immune cells

and staining for complement and MHC class 1 and 2.

The basic treatment of all myositis subforms except

for IBM includes glucocorticosteroids for several

weeks to months (and possibly longer) and often an

immunosuppression by AZA or MTX. Add-on treat-

ment or escalation therapy may include IVIG, CYC

and RTX. In IBM, a probatory treatment with IVIG

may be justifiable in selected patients. All patients

with myositis should receive long-term physiother-

apy and regular rehabilitation. All treatments need to

be monitored closely by use of suitable scales that

depict the current status of the patient. Modification

of the treatment regimen needs to take into account

the overall disease course as well as extramuscu-

lar manifestations. Future improvements should aim

to advance the therapeutic escalation scheme and

continue to explore the use of targeted treatments

including the use of biologicals as in several ongo-

ing clinical trials. Improvement of the diagnostic

criteria that incorporate clinical, histological and

auto-antibody data is required in order to provide a

reliable diagnosis and allow an effective treatment

across all subforms of myositis.
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