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Abstract
The major forms of autoimmune myopathies include dermatomyositis (DM), polymyositis (PM), myositis associated with
antisynthetase syndrome (ASS), immune-mediated necrotizing myopathy (IMNM), and inclusion body myositis (IBM). While
each of these conditions has unique clinical and histopathological features, they all share an immune-mediated component. These
conditions can occur in isolation or can be associated with systemic malignancies or connective tissue disorders (overlap
syndromes). As more has been learned about these conditions, it has become clear that traditional classification schemes do
not adequately group patients according to shared clinical features and prognosis. Newer classifications are now utilizing
myositis-specific autoantibodies which correlate with clinical and histopathological phenotypes and risk of malignancy, and help
in offering prognostic information with regard to treatment response. Based on observational data and expert opinion, cortico-
steroids are considered first-line therapy for DM, PM, ASS, and IMNM, although intravenous immunoglobulin (IVIG) is
increasingly being used as initial therapy in IMNM related to statin use. Second-line agents are often required, but further
prospective investigation is required regarding the optimal choice and timing of these agents.
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Introduction and Classification

The autoimmune myopathies consist of five main conditions,
namely dermatomyositis (DM), polymyositis (PM), myositis
associated with antisynthetase syndrome (ASS), immune-
mediated necrotizing myopathy (IMNM), and inclusion body
myositis (IBM). While each of these conditions has unique
clinical and histopathological features, they all share an
immune-mediated component (Table 1). These conditions
can occur in isolation or can be associated with systemic ma-
lignancies or connective tissue disorders (overlap syndromes)
and all are often associated with autoantibodies.

Accurate incidence and prevalence of the autoimmune my-
opathies are difficult to obtain due to use of different diagnos-
tic criteria employed across epidemiological studies. The

Bohan and Peter 1975 criteria, employed by many older stud-
ies, do not require a muscle biopsy, tend to overestimate the
incidence of PM, and preceded the discovery of IBM or
IMNM as unique entities [2, 3]. Various revised diagnostic
criteria for the autoimmune myopathies have since been pro-
posed which take into account clinical features, autoanti-
bodies, and histopathology [4–8]. One included a weighted
scoring system estimating probability of an inflammatory my-
opathy [7], although this was not externally validated using
controls and only included individuals with a disease duration
of more than 6 months, limiting generalizability to individuals
with a more acute presentation.

Clinical Features

DM can present at any age. The incidence is higher in females
compared to males, similar to most autoimmune conditions
[9]. Weakness can present relatively acutely over days to
weeks, or it can present more slowly over a few months.
The proximal arms and legs are typically affected, along with
a tendency for early involvement of the neck flexors. In up to
30% of individuals, weakness of oropharyngeal and esopha-
geal muscles results in dysphagia [10]. Dysarthria and facial
muscle weakness can occur but are uncommon [11]. The
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characteristic rash associated with DM includes a periorbital
purplish discoloration (heliotrope rash), a papular erythema-
tous rash over the knuckles (Gottron papules), and an ery-
thematous macular rash on the face, neck, and anterior chest
(V-sign) and on the shoulders and upper back (shawl sign), as
well as on the extensor surfaces of elbows, knuckles, and
knees (Gottron sign). The rash can develop months after dis-
ease onset, but more typically it accompanies or predates the
onset of muscle weakness. In up to 20% of individuals, the
characteristic rash occurs in the absence of weakness, a form
of DM known as amyopathic DM or DM sine myositis [12,
13]. On the contrary, some individuals present with muscle
weakness and classic histopathological features on muscle
biopsy but never develop the characteristic rash, a form of
DM referred to as adermatopathic DM or DM sine dermatitis
[14]. Calcinosis cutis (subcutaneous calcium deposits) can
occur infrequently in children and adults with DM [15]. The
presentation of DM in children is similar to that in adults.

DM is also associated with multiple systemic complica-
tions, including cardiac, pulmonary, gastrointestinal, and
rheumatological involvement, as well as systemic malignan-
cies (in adult-onset DM). Potential cardiac complications in-
clude conduction system abnormalities and arrhythmias, peri-
carditis, myocarditis, coronary artery disease, and congestive
heart failure/diastolic dysfunction [16–20]. Interstitial lung
disease (ILD) can occur in 15 to 20% of DM patients, typical-
ly presenting with a dry cough, shortness of breath, fine inspi-
ratory bibasal crackles on lung examination, and a restrictive
pattern on pulmonary function testing [21, 22]. Bronchiolitis
obliterans with organizing pneumonia is a much rarer pulmo-
nary complication. Involvement of ventilatory and oropharyn-
geal muscles in DM can also result in significant weakness
and risk of aspiration pneumonia. Gastrointestinal complica-
tions include difficulties with swallowing, as noted above,
aspiration of gastric contents, and delayed gastric emptying,
thought to be due to a reduction in gastric peristalsis [23–26].
Rheumatological complications include arthralgias, arthritis,
and joint contractures.

The risk of malignancy is increased in adult patients with
DM, to approximately 10 to 15% within 2 to 3 years of initial
presentation and with the majority of cases occurring in indi-
viduals over the age of 40 years [27, 28]. Juvenile-onset DM is
not associated with cancer. The most common cancers asso-
ciated with adult-onset DM include hematological and lym-
phatic cancers (particularly non-Hodgkin lymphoma, leuke-
mia, and multiple myeloma), followed by solid organ adeno-
carcinomas of the lung, colon, bladder, breast, ovary, cervix,
pancreas, and esophagus [27, 29]. Successfully treating the
underlyingmalignancy can result in improvedmuscle strength
[30]. Individuals with DM should undergo comprehensive
malignancy screening, which should include a detailed history
and physical examination including breast, pelvic, testicular,
and prostate examinations, as appropriate. Basic workup

should include a complete blood count, electrolytes and renal
function, serum protein electrophoresis with immunofixation
and serum free light chains, urinalysis, computerized tomog-
raphy of the chest, abdomen, and pelvis, pelvic ultrasound and
mammography in women, and colonoscopy for patients aged
over 50 or those have symptoms concerning for a gastrointes-
tinal malignancy, including fluctuating bowel habits, tenes-
mus, bleeding per rectum, melena, and/or weight loss.
Positron emission tomography is useful in individuals where
there is a high clinical suspicion for an underlying malignancy
despite negative initial cancer screening.

PM also occurs more frequently in women compared to
men [31]. The true incidence of PM is unknown, due to the
previously described limitations of diagnostic criteria
employed in many epidemiological studies to date. Patients
with PM tend to present over the age of 20 years with sym-
metric weakness in a proximal distribution in the upper and
lower extremities, although involvement of distal muscles can
also be seen to a lesser degree. Muscle tenderness and myalgia
are also reported, as well as difficulties with swallowing.
Cardiac manifestations including conduction system abnor-
malities and heart failure are reported by up to 30% of pa-
tients. Like DM, PM is also associated with an increased risk
of malignancy [28]. The frequency of pulmonary complica-
tions, including ILD, is similar to DM. Interestingly, ILD
tends to occur less frequently in cases of PM or DM which
are associated with malignancy [32].

Myositis overlap syndromes occur when an autoimmune
myopathy (DM or PM) occurs in association with other con-
nective tissue diseases, typically mixed connective tissue dis-
ease, systemic lupus erythematosus, Sjögren syndrome,
scleroderma, or rheumatoid arthritis [33]. In up to 15% of
patients at initial presentation, clinical features of a connective
tissue disease are not present although overlap antibodies are
present. In such patients, clinical features of a connective tis-
sue disorder typically occur on follow-up [33].

Myositis associated with ASS is a category of myositis
associated with anti-aminoacyl-tRNA synthetase (ARS) anti-
bodies, most commonly anti-Jo1 antibodies. These patients
typically manifest with ILD, constitutional symptoms includ-
ing fevers and weight loss, nonerosive arthritis, Raynaud’s
phenomenon, and skin changes known as Bmechanic’s hands^
[34–37]. The co-occurrence of an erythematous rash can result
in many patients being misdiagnosed with DM. ASS is im-
portant to recognize because of the high prevalence of ILD
(50–60%) that can be very difficult to treat.

IMNMaccounts for up to 20%of all autoimmunemyopathies
and can present acutely or more insidiously with proximal upper
and lower extremity weakness which progresses over time, as
well as with facial muscle weakness [38–40]. IMNM has been
associated with antibodies against 3-hydoxy-3-methylglutaryl-
coenzyme A reductase (HMGCR) and against the signal recog-
nition particle (SRP), and there are likely others yet to be
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discovered. The frequency of anti-HMGCR antibodies in IMNM
has been reported to range from 22 to 61% [41, 42]. Anti-
HMGCR antibodies have been found in up to 60% of statin-
exposed patients with IMNM [39]. It is important to distinguish
anti-HMGCR myopathy from the more common toxic myopa-
thy associated with statin use. The later improves with discontin-
uation of the statin, while anti-HMGCR myopathy requires im-
munotherapy for improvement (discussed below). Anti-
HMGCR antibodies have also been reported in children and
adults unexposed to statin therapy and with underlying cancer
[43]. Of note, IMNM, particularly anti-HMGCR myopathy, can
manifest in children andmimic a limb girdlemuscular dystrophy.
Therefore, it is important to assess for anti-HMGCR antibodies
in children and adults with suspected limb girdle muscular dys-
trophy in whom no mutation is found, as the IMNM is treatable
[42, 44]. Although most anti-HMGCR myopathies have histo-
pathological features of IMNM, occasionally there is endomysial
inflammation suggestive of PM. Anti-SRP antibodies have been
reported in up to 16% of patients with IMNM [41] and are
associatedwith severe and aggressive disease that can be difficult
to adequately control [41, 45, 46]. Anti-SRP myopathy tends to
occur more commonly in women compared to men [47]. Some
studies have suggested there may be an increased risk of cardiac
complications in younger patients with anti-SRP antibodies [48].
Anti-SRP myopathy tends to be associated with more severe
weakness and a higher risk of pulmonary involvement or dys-
phagia compared to anti-HMGCR myopathy [40, 49]. Axial
muscle weakness, e.g., manifesting as head drop, can also occur
[47, 50].

IMMN can also be seen with connective tissue diseases
(e.g., mixed connective tissue disease and scleroderma) and
as a paraneoplastic complication (most commonly lung cancer
or gastrointestinal adenocarcinomas), or it can be idiopathic,
occurring in the absence of myositis-specific or myositis-
associated antibodies or cancer [50, 51]. Aworkup for malig-
nancy is required for all patients, similar to DM and PM. Of
note, the more recent cancer immunotherapies, namely the
programmed death-1 (PD-1) inhibitors (pembrolizumab and
nivolumab), have also been associated with numerous neuro-
muscular complications, including a severe necrotizing
immune-mediated myopathy which can be difficult to treat,
despite aggressive immunotherapy [52–55].

IBM, the most common myopathy in individuals over the
age of 50 years, occurs more frequently in men compared to
women. It typically presents in individuals aged 40 or over with
a slow onset of progressive, asymmetric, proximal, and distal
atrophy and weakness, with a predilection for the quadriceps
femoris, wrist, and finger flexors and ankle dorsiflexors (Fig. 1)
[56]. An estimated 35 to 50% of affected individuals require a
wheelchair within 14 years [56, 57]. Dysphagia occurs in at
least 60% of patients and can be the presenting complaint,
preceding the onset of extremity weakness by up to 7 years
[58, 59]. A generalized sensory polyneuropathy has been noted

in up to 20% of patients [60]. IBM has also been associated
with sarcoidosis as well as with viral infections, including hep-
atitis C and HIV [61–64]. IBM is not known to be associated
with pulmonary complications, cardiac manifestations, or an
increased risk of systemic malignancies, with perhaps the ex-
ception of granulocytic leukemia (see below) [65].

Diagnostic Evaluation

Laboratory Features Including Myositis Antibodies

Serum creatine kinase (CK) activity is elevated in approxi-
mately 70% of patients with DM [16, 66]. In approximately
10% of cases with normal CK, serum aldolase levels are ele-
vated [67, 68]. CK is always elevated in PM, myositis associ-
ated with ASS and IMNM. In IBM, serum CKs are normal or
only mildly elevated, usually less that 10× the upper limit of
normal. Notably, serum CK does not correlate with the sever-
ity of clinical weakness in any of the myositides.

Myositis antibodies include bothmyositis-specific antibod-
ies (MSA) and myositis-associated antibodies (MAA). MSA
are primarily present solely in the presence of an autoimmune
myopathy whereas MAA are associated with myositis but are
also found in other autoimmune rheumatological conditions
(myositis overlap syndromes).

The utility of MSA in autoimmune myopathies is increas-
ingly being recognized, including 1) diagnosing and charac-
terizing autoimmune myopathies, 2) guiding additional work-
up and screening, 3) predicting response to treatment, and 4)
indicating prognosis (Table 1). MSA include ARS antibodies,
SRP antibodies, and DM-specific antibodies (namely anti-Mi-
2, anti-MDA5, anti-TIF1-ϒ, and anti-NXP2). Of the ARS an-
tibodies, anti Jo-1 antibodies (against histidyl-tRNA synthe-
tase) are the most common and are strongly associated with
ASS, including ILD (66% of patients), arthralgias (56%), fe-
ver (27%), Raynaud’s phenomenon (40%), and mechanic’s
hands (31%) [34]. Less commonly occurring ARS antibodies
include anti-PL-12 (anti-alanyl), anti-PL-7 (anti-threonyl),
anti-EJ (anti-glycyl), anti-OJ (anti-isoleucyl), anti-KS (anti-
asparaginyl), anti-Zo (anti-phenylalanyl), anti-Ha (or anti-
YRS, anti-tyrosyl), anti-SC (anti-lysyl), anti-JS (anti-
glutaminyl), anti-tryptophanyl, and anti-SAE (anti-small
ubiquitin-like modifier activating enzyme) [35].

DM-specific antibodies are found in 60 to 70% of patients
with DM [69]. Anti-Mi-2 antibodies are found in 7 to 30% of
patients with DM and are typically associated with acute onset of
classic DM, particularly severe skin manifestations at initial pre-
sentation, good response to therapy, a favorable prognosis, and a
reduced risk of malignancy, compared to other patients with DM
[70–73]. Antibodies directed against melanoma differentiation-
association protein 5 (MDA5) occur in approximately 15% of
patients with DM [74, 75]. Anti-MDA5 antibodies are usually
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associated with minimal muscle involvement (amyopathic or
hypomyopathic DM), severe vasculopathy often with digital ul-
cerations, and rapidly progressive ILD [74–77]. Antibodies di-
rected against transcriptional intermediary factor 1-ϒ (TIF1-ϒ),
also known as anti-p155/140 antibody, have a prevalence of 14
to 31% in DM and strongly predict risk of malignancy, showing
89% specificity and 78% sensitivity for malignancy diagnosis,
with a positive predictive value of 58% and a negative predictive
value of 95% [78–80]. In addition, these antibodies are associat-
ed with particularly severe skin manifestations including palmar
hyperkeratotic papules, psoriatic type lesions, and
hypopigmented and telangiectatic skin patches [81]. Antibodies
against nuclear matrix protein 2 (NXP-2), another anti-p140 an-
tibody and also known as anti-MJ antibody, are found in up to
30% of patients with DM and are associated with a younger age
of onset, severe muscle weakness, calcinosis, good response to
treatment, and an increased risk of malignancy [82–86].
Antibodies to SRP and HMGCR are discussed above.

The MAA include anti-Ro, anti-La, anti-Sm, anti-PM-Scl,
or anti-U1-ribonucleoprotein (RNP) antibodies. Asmentioned
above, the occurrence of MAA in a patient with myositis is
suggestive of a myositis overlap syndrome.

Antibodies targeting cytosolic 5′ nucleotidase 1A (cN-1A)
are found in approximately 70% of individuals with IBM and
can be of assistance in distinguishing IBM from other autoim-
mune myopathies. This antibody has a reported sensitivity of
70% and specificity of 92% for the diagnosis of IBM [87, 88].
However, anti-cN-1A antibodies are also detectable in up to
20% of patients with Sjögren syndrome and systemic lupus
erythematosus in the absence of a myopathy, and have also
been found in patients with DM or PM as well as healthy
volunteers [89, 90]. There is also an association between
IBM and certain autoimmune conditions, including Sjögren
syndrome, sarcoidosis, and lymphoproliferative disorders

(chronic lymphocytic leukemia/lymphocytosis) [63, 65], and
less specific autoimmune antibodies, including anti-Ro, anti-
La, antinuclear antibody, anti-rheumatoid factor, anti-Smith,
and anti-RNP antibodies, have also been reported in up to
20% of patients with IBM [60, 91, 92].

In a recent study looking at the association between IBM
and lymphocytic leukemia/lymphocytosis, almost 60% of pa-
tients with IBM were found to have aberrant clonal popula-
tions of large granular T lymphocytes meeting criteria for T
cell large granular lymphocytic leukemia, compared to 14% of
age-matched patients with DM, PM, or IMNM, and 0% of
age-matched controls [65]. A reduced ratio of CD4 to CD8
cells, an elevated peripheral CD8 cell count, and a lymphocyte
predominant blood count correlated highly with the flow cy-
tometry expression of large granular lymphocytes. Muscle
histopathology revealed large granular lymphocytic invasion
of muscle in all affected IBM patients, with the extent of the
CD8+ cell invasion on muscle biopsy directly correlating with
the size of the peripheral blood population of large granular
lymphocytes. Cells invading myocytes were found to express
CD57, which is a marker of T call aggressiveness. This study
suggested that autoimmune T cell expansion in IBM might
evolve into a neoplastic-like disorder, which may explain the
refractoriness of this disorder to standard immune therapies
(treatment of IBM is discussed below).

Electrophysiological Features

Characteristic electrophysiological findings in patients with
inflammatory myopathies include 1) increased spontaneous
activity as evidenced by fibrillation potentials and positive
sharp waves; 2) low-amplitude, short-duration, polyphasic
motor unit action potentials; and 3) early recruitment. In
chronic disease, high-amplitude, long-duration motor unit

Fig. 1 Characteristic distribution
of weakness and atrophy in
inclusion body myositis. (a)
Quadriceps atrophy. (b)
Asymmetric atrophy of flexor
muscles in the forearm, with
asymmetric weakness of the deep
finger flexors (including the
flexor pollicis longus) >
superficial finger flexors (the
patient was asked to curl his
fingers and thumbs)
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potentials may be observed if there is fiber splitting with re-
generation, as well as reduced recruitment of fast firing motor
unit potentials if there is prominent muscle fiber atrophy,
which can mimic a neurogenic process. In up to one third of
patients with IBM, amixed picture of tall, long-duration, poly-
phasic motor unit potentials along with small amplitude,
short-duration, polyphasic motor units with early recruitment
is seen, which can lead to an erroneous diagnosis of motor
neuron disease [60, 93, 94]. In addition, nerve conduction
studies can show evidence of a mild axonal sensory neuropa-
thy in up to 20% of IBM patients [60].

Muscle Imaging

Magnetic resonance imaging (MRI) of skeletal muscle can
reveal signs of edema (felt to indicate active inflammation)
that is best appreciated on short tau inversion recovery
(STIR) imaging sequences. However, these features are often
nonspecific for inflammatory myopathies and can also be seen
in toxic myopathies, rhabdomyolysis, muscular dystrophies,
and occasionally in acute neurogenic disease [95, 96]. A par-
ticular pattern of fibro-fatty infiltration and atrophy of the
vastus intermedius and vastus medialis muscles in a distal to
proximal gradient (with relative sparing more proximally) has
been noted on thigh MRI in some patients with IBM and was
noted to occur in 10 out of 17 patients with definite IBM in
one study [97]. MRI can also offer utility, in addition to the
clinical exam, in identifying the optimal muscle to biopsy [98,
99].

Muscle Biopsy

Muscle biopsy should be considered in the diagnostic workup
of all patients with autoimmune myopathy. In patients with
characteristic clinical features of DM, a skin biopsy
confirming the diagnosis of DM may be sufficient for the
diagnosis. In patients with MSA and characteristic clinical
features of DM or ASS, a muscle biopsy may not be required.
Similarly, in IBM, the presence of anti-cN-1A antibodies are
very specific for the disease, particularly in the presence of
characteristic clinical features, and so an experienced clinician
may forego muscle biopsy in such cases.

Choosing the optimal muscle to biopsy is based on the
clinical examination, ideally selecting a muscle that is moder-
ately weak (grade 4 on the Medical Research Council scale)
but not severely weak, due to the limited diagnostic yield with
biopsies of very weak muscles which tend to show nonspecif-
ic end-stage fibro-fatty changes. EMG or MRI can be partic-
ularly useful in choosing a good muscle biopsy site in cases
where patients are weak in muscles that are less routinely
biopsied.

Histopathology

The pathognomonic histological feature of DM is perifascicular
atrophy; however, this tends to be seen in only 50% of adult
cases as it is often absent in those biopsied at an early stage in
the disease. Perivascular and perimysial inflammatory infiltrate
consisting of macrophages, B cells, CD4+ T cells, and dendritic
cells is seen. The majority of the CD4+ cells are plasmacytoid
dendritic cells overexpressing interferon-1, which is thought to
be toxic to perifascicular muscle fibers and neighboring capil-
laries [100]. Immunohistochemistry staining reveals major histo-
compatibility complex-1 (MHC-1) and interferon-alpha/beta-in-
ducible protein myxovirus resistance A (MxA) expression on
muscle fibers, particularly in the perifascicular regions [100].
One recent study reported that MxA sarcoplasmic expression
had a sensitivity of 71% and specificity of 98% for diagnosis
of DM, i.e., a more sensitive marker compared to perifascicular
atrophy or MAC deposition on capillaries (sensitivity of 47%
and specificity of 98%, sensitivity of 35% and specificity of
93%, respectively) [101]. In contrast to PM and IBM, in DM,
there is typically no invasion of nonnecrotic muscle fibers. On
electron microscopy, tubuloreticular inclusions can be seen in
endothelial cells.

PM tends to be characterized histologically by variability in
fiber size and shape, mixed areas of necrotic and regenerating
muscle fibers, and endomysial and perivascular inflammation,
consisting primarily of CD8+ T cells and macrophages sur-
rounding and sometimes invading nonnecrotic muscle fibers
expressing major MHC-1 [102, 103].

In ASS-associated myositis, typical histopathological find-
ings include deposits of plasmacytoid dendritic cells and mac-
rophages in the perimysial and perivascular regions, deposi-
tion of MAC on capillaries, and evidence of perimysial con-
nective tissue fragmentation and damage with positive stain-
ing for alkaline phosphatase [104]. Similar to DM,
perifascicular atrophy is seen, although compared to DM,
there tends to be greater perifascicular myocyte necrosis and
deposition of MHC-1 and MAC. Myofiber HLA-DR expres-
sion has been reported in over 80% of patients with ASS-
associated myositis compared to 24% of patients with DM,
with perifascicular expression uniquely observed in ASS
myositis, suggesting a role for HLA-DR detection in differen-
tiating these diagnoses [105].

IMNM is typically characterized histologically by the pres-
ence of scattered necrotic muscle fibers undergoing
myophagocytosis and scant inflammation localized to necrot-
ic fibers [106]. However, in up to 20% of patients with anti-
SRP antibody-associated myositis, a prominent lymphocytic
infiltrate can be seen [47]. In addition, in up to 30% of patients
with anti-HMGCR myopathy, prominent lymphocytic collec-
tions can be seen, with scattered endomysial CD4+ and CD8+

cells in up to 50% of patients [38, 106, 107]. Diffuse expres-
sion of MAC and MHC-1 on the sarcolemma of nonnecrotic
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muscle fibers (more commonly seen in patients with anti-
HMGCR antibodies compared to those with anti-SRP anti-
bodies) and deposition of MAC on small blood vessels can
be seen [40, 46]. Thickening of capillary basement mem-
branes (pipestem capillaries) has also been noted [108]. The
MHC class II human leukocyte antigen (HLA) allele DRB1
11:01 is a strong immunogenetic risk factor for developing
anti-HMGCR autoantibodies while B 5001 and DQA1 0104
are associated with an increased risk of developing anti-SRP
autoantibodies [109–111].

Histologically, IBM is characterized by endomysial inflam-
mation consisting of CD8+ T cells and macrophages invading
nonnecrotic muscle fibers expressing MHC-1, similar to what
is seen in PM. What helps distinguish IBM from PM is the
presence of rimmed vacuoles and cytoplasmic inclusions
within muscle fibers; however, these are not demonstrated in
20 to 30% of any given IBM muscle biopsies. Mitochondrial
pathology, as evidence by an increased number of ragged red
fibers and COX-negative muscle fibers compared to patients
with DM, PM, or age-matched controls, can also be seen, as
well as small deposits of amyloid in rare (< 1%) muscle fibers
using Congo red stain. Immunohistochemistry staining for Tar
DNA-binding protein-43 (TDP-43) is very specific for IBM,
while staining for p62 (demonstrating cytoplasmic aggre-
gates) is very sensitive for IBM [112]; p62 is typically
employed more in most myopathology laboratories. On elec-
t ron mic roscopy, in t ranuc lea r and cy top lasmic
tubulofilaments can be observed in rare muscle fibers, al-
though these can be difficult to find [60].

Treatment

The goal of treatment in a patient with myositis should be to
return a patient to normal strength and function and minimize
extra-muscular involvement while avoiding side effects of
treatment. There are few randomized placebo-controlled trials
of patients with myositis. A 2012 Cochrane systematic review,
for example, identified only 10 randomized controlled trials
encompassing 258 total patients suitable for inclusion, none of
which demonstrated benefit of second-line oral immunosup-
pressive therapies over placebo [113]. Accordingly, treatment
recommendations are largely guided by small uncontrolled
trials, retrospective case series, and expert opinion.

Immunotherapy is the mainstay of treatment for DM, PM,
myositis associated with ASS, and IMNM; IBM, by contrast,
does not typically respond to immunotherapy (Table 2). The
approach to therapy is similar among PM, DM, ASS, and
IMNM, with corticosteroids used as first-line treatment. The
major exception is anti-HMGCRmyopathy, in which patients
may respond to IVIG monotherapy as a first-line treatment
[114]. Many patients will require the addition of a second-
line agent due to either incomplete response to corticosteroids

or intolerable side effects. Occasionally, patients who have
relative contraindications to corticosteroids (e.g., patients with
poorly controlled diabetes, osteoporosis) may be treated with
a traditional second-line agent (discussed below). Particularly
refractory patients may require third-line agents, at times uti-
lizing three medications concurrently (e.g., corticosteroids, an
oral steroid-sparing agent, and IVIG or rituximab).

Initiating Therapy

Although no randomized placebo-controlled trials have
assessed their effectiveness in myositis patients, corticoste-
roids are considered effective first-line treatment [8, 115,
116]. We start patients on high-dose daily prednisone (0.7 to
1 mg/kg/day, up to a maximum of 60 mg daily). In patients
with severe weakness (e.g., inability to walk or dysphagia) or
multisystem involvement (e.g., ILD, myocarditis, severe skin
rash), a 3- to 5-day course of intravenous methylprednisolone
(1 g/daily) can be given before starting oral prednisone.

Alternative strategies exist for patients with an increased
risk of steroid-induced side effects—those with diabetes, os-
teoporosis (or those at increased risk, e.g., postmenopausal
women), obesity, or neuropsychiatric disorders, for example.
We prefer to still use high-dose prednisone, but to also start a
second-line agent immediately to facilitate a more rapid pred-
nisone taper (see below). Patients with mild disease and favor-
able prognostic factors may instead be started on a low dose of
prednisone, gradually increasing the dose until response is
evident.

Emerging evidence from observational studies supports the
role of IVIG as first-line monotherapy in patients with IMNM
and contraindication to steroids. One case series of three pa-
tients with IMNMassociated with statin exposure and positive
HMGCR antibodies who refused steroids and were treated
with IVIG (2 g/kg per month) as monotherapy [114]. After 2
to 3 cycles, two of the three patients became asymptomatic,
with full muscle strength on exam, and the third improved but
had ongoing mild hip flexor weakness. CK decreased in all
patients. Another four patients with IMNM (autoantibodies
unspecified) have been reported to respond to IVIG as first-
line monotherapy [8]. Additional prospective studies are war-
ranted to confirm these findings.

In some cases, prednisone monotherapy is sufficient for
adequate disease control. The starting dose of prednisone
should be maintained without taper until strength normalizes
or plateaus and the CK returns to the normal range. This typ-
ically requires a patient to remain on high-dose prednisone for
2 to 4 months. Once strength has normalized or plateaued, we
typically taper the daily dose of prednisone by 10 mg every
4 weeks until 20 mg/day, then by 5 mg every 4 weeks until
10 mg/day. If possible, we taper by 1 to 2.5 mg every 4 weeks
thereafter. In our experience, tapering more rapidly often leads
to relapse and an inevitable re-escalation of the dose.
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Changes in the steroid dose should be guided primarily by
the patient’s strength on clinical exam. Most patients will re-
quire an ongoing small dose of prednisone to maintain long-
term control—the goal is to find the lowest possible dose that
achieves adequate disease control. A rising serum CK alone
does not require escalation of treatment but may herald
impending worsening weakness. In such cases, our practice
is to hold the dose of prednisone steady temporarily and fol-
low the patient closely for changes in exam. Patients with
IMNM commonly have persistently elevated CK. In one co-
hort, even among patients achieving full strength on treatment,
55% continued to have CK higher than 500 IU/L [43]. In
patients with worsening weakness after initial improvement,
EMG can be helpful in addition to monitoring CK. Patients
with active myositis usually have a rising CK and increased
insertional activity or spontaneous activity evident on needle
EMG. Patients with type 2 fiber atrophy related to corticoste-
roid use have normal or even decreased insertional activity on
EMG.

What if Treatment Is Ineffective or Only Partially
Effective?

If there is no response to corticosteroids, the first step is to
reconsider the diagnosis. Muscular dystrophy may sometimes
be confused for myositis based on a similar clinical presenta-
tion and the presence of inflammation on muscle biopsy.
Dysferlinopathy, calpainopathy, and facioscapulohumeral
muscular dystrophy (FSHD) often have inflammatory cellular
infiltrates evident on biopsy [117]. In one cohort, for example,
25% of dysferlinopathy patients were initially misdiagnosed
with polymyositis due to inflammatory muscle biopsies and
rapid clinical progression or pain [118]. Similarly, IBM pa-
tients are often first diagnosed as having PM given the over-
lapping histopathologic features described above. Assessing
for cytochrome oxidase-negative fibers, MHC1 expression on
the sarcolemma of fibers, and p62 inclusions, as well as testing
serum for anti-cN-1A antibodies, is of particular utility in such
cases.

The more common situation, however, is the patient in
whom response to treatment is only partial. Normalization of
strength may not be possible in those patients with chronic
untreated or aggressive disease in which there has already
been significant fatty replacement of muscle. Initiation of
treatment soon after disease onset is therefore critical, before
irreversible damage can accumulate. In a retrospective analy-
sis of 113 patients with inflammatory myopathy, no patient
with treatment initiation more than 18 months after symptom
onset had complete response to treatment (i.e., return to nor-
mal strength and reduce in CK to normal range) [119]. Anti-
SRP myopathy is particularly aggressive; atrophy and fatty
replacement of muscle are more often evident at disease onset
than in other patients [120]. In one cohort of 100 anti-SRPT
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myopathy patients, the degree of weakness and muscle atro-
phy evident at treatment initiation (not the preceding duration
of symptoms) predicted response to treatment after 2 years
[47].

When faced with a patient with partial response to treat-
ment, a distinction must be made between ongoing disease
activity that is amenable to treatment and irreversible muscle
damage that will not respond to treatment. Serum CK and
EMGmay help, as described above. MRI of the thigh muscles
can also aid in the distinction, as T1 sequences can demon-
strate fatty infiltration. In a small study of patients with anti-
SRP antibodies, the presence of prominent fatty infiltration on
thigh MRI correlated with a poor response to therapy [121].
As discussed above (see BMuscle Imaging^), increased STIR
signal can identify myoedema, which suggests ongoing in-
flammation that may be amenable to therapy [122].

Starting a Second-Line Agent

In one study, 55% of patients had poor response or severe side
effects with corticosteroid monotherapy [123]. Many patients
will accordingly require treatment with an additional agent,
but there is uncertainty regarding the optimal time to start
second-line therapy. We add a second-line medication if there
has been incomplete response to high-dose prednisone after 2
to 4 months or if the patient relapses during prednisone taper.

In some patients, it may be appropriate to start a second-
line agent at disease onset together with prednisone. We do
this in patients with severe weakness at onset, multisystem
involvement (e.g., ILD, myocarditis), or patients with contra-
indications to corticosteroids. Additionally, there is increasing
evidence from observational studies that testing for autoanti-
bodies can help guide expectations about a patient’s clinical
course and response to therapy (see Table 2). Compared to
patients with other autoantibodies or seronegative patients,
patients with anti-Mi-2 antibodies may require the lowest dose
of prednisone for adequate disease control, infrequently re-
quire a second-line agent, and rarely experience relapse during
tapering of therapy [124]. By contrast, anti-Jo-1 antibodies
have been associated with a poor response to prednisone alone
and an increased need for second-line agents [125, 126]. In a
cohort of 40 patients with various ARS antibodies, 83% re-
quired additional immunotherapy beyond prednisone over a
mean 40 months of follow-up [37]. Patients with ASS and
ILD are especially likely to be refractory to corticosteroid
monotherapy. In one single-center retrospective study, all 17
patients with anti-Jo-1 antibodies and ILD either failed to
respond to prednisone monotherapy or had disease relapse
within 12 months of initiation of therapy [127].

Prednisonemonotherapy is rarely sufficient in patients with
IMNM. In one cohort, 90% of patients required addition of a
second-line agent within 6 months of treatment initiation [50].
In fact, 56% of these patients required the concurrent use of

threemedications to control disease activity. In another cohort,
patients with anti-SRPmyopathy were significantly less likely
to be successfully managed with corticosteroid monotherapy
than those with anti-HMGCR myopathy (8% of SRP patients
vs 31% of anti-HMGCR patients, p = 0.0048) [40], similar to
the rates reported in a French cohort [8]. In other observational
studies, rates of steroid failure in anti-HMGCR patients were
as high as 92 to 100% [42, 128, 129]. Such findings have led
some experts to argue that second-line agents should be used
more systematically in these patients. In 2016, the European
Neuromuscular Centre (ENMC) convened a workshop on the
definition and treatment of IMNM. The assembled panel of
experts reached consensus that patients with IMNM should be
treated both with corticosteroids as well as a second-line agent
either immediately or within 1 month of presentation, depend-
ing on severity of disease and response to steroid treatment
[8]. Additionally, they recommended that IVIG should be
added for all anti-HMGCR myositis patients within 6 months
of presentation and that rituximab should be added for all anti-
SRP myositis patients within 6 months if other measures are
ineffective (see below).

Choice of Second-Line Agents

Based on expert consensus and observational studies, metho-
trexate, azathioprine, and mycophenolate mofetil are consid-
ered preferred second-line agents [8, 116, 130–133]. We use
methotrexate as our second-line agent of choice. In the au-
thors’ experience, methotrexate has a faster time to therapeutic
effect than either azathioprine or mycophenolate, with re-
sponse evident within 4 weeks in some patients (Table 2).
We tend to avoid methotrexate in patients with ILD or ARS
antibodies who are at high risk for developing ILD. The pul-
monary toxicity associated with methotrexate can mimic ILD,
a diagnostic dilemma and therapeutic dilemma we find best
avoided. We use mycophenolate as our treatment of choice in
patients with ASS or DM/PM patients with ILD.
Retrospective studies suggest mycophenolate to be a safe
and effective treatment for ILD and small series support its
use specifically in patients with ILD related to autoimmune
myopathy [134, 135].

A small randomized, factorial-design, double-blinded,
placebo-controlled trial in adult myositis patients failed to
demonstrate any benefit of the addition of methotrexate over
prednisone monotherapy, either alone or in combination with
cyclosporine [136]. In one retrospective single-center cohort
study of 160 patients with PM or DM, patients treated with
methotrexate (at any point during their illness) had a signifi-
cantly better 10-year survival in comparison to patients treated
with azathioprine [137]. Given this was a retrospective obser-
vational study, imbalances in known and unknown con-
founders may have accounted for some of the difference be-
tween patients treated with azathioprine compared to
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methotrexate; however, the authors did adjust for baseline CK,
presence of ILD, or presence of cancer. Other studies have
suggested similar efficacy between the two agents [119, 122].

IVIG is one of the few treatments with randomized
placebo-controlled trial data to support its use in patients with
autoimmune myopathy [138]. In one study, 15 patients with
dermatomyositis were randomized to receive IVIG 2 g/kg/
month or placebo for 3 months, followed by an optional
cross-over phase for another 3 months. Patients treated with
IVIG had a significant increase in muscle strength after
3 months. Including crossovers, 9/12 IVIG-treated patients
met prespecified criteria for major improvement in strength
compared to 0/11 receiving placebo. In a review of seven
open-label studies of IVIG in myositis patients, it was estimat-
ed that 71 to 100% of patients had a reported response [139].
An ongoing international multicenter phase III randomized
controlled trial of Octagam (NCT02728752) may soon pro-
vide additional evidence.

Because of the aggressive nature of the disease, there has
been increasing interest in the use of IVIG in patients with
IMNM. In addition to the reported success of IVIG as up-
front monotherapy as discussed above, treatment with IVIG
within the first 3 months was associated with a better clinical
response at 6 months (p = 0.047) in a single-center cohort of
IMNM patients studied retrospectively [50]. ENMC consen-
sus recommendations suggest that IVIG can be used instead of
or an addition to methotrexate as second-line therapy [8]. For
patients that respond to IVIG and remain dependent on it,
clinical stability can usually be achieved with a maintenance
dose of 1 g/kg/month after the initial 3 months [140].

Case series have suggested a high rate of response to ritux-
imab among patients with autoimmune myopathies—an esti-
mated 80% of 88 PM and DM patients and 40 ASS patients
improved after rituximab administration [141]. The
Rituximab in Myositis (RIM) trial—the largest randomized,
prospective, double-blind trial of myositis patients to date—
failed to demonstrate a benefit of rituximab based on its pri-
mary outcome [142]. The trial utilized a randomized, cross-
over design in which all patients received rituximab—half at
study onset, and half after a delay of 8 weeks. Flaws of study
design have been postulated to be the reason for statistical
failure of the trial, including an underestimation of the placebo
effect and a longer time to onset of rituximab effect than ex-
pected [143].

Some experts have argued for the specific utility of rituxi-
mab in patients with anti-SRP-antibodies. Recent work has
supported the pathogenic role of anti-SRP and anti-HMGCR
antibodies in IMNM [144, 145], and disease severity has been
shown to correlate with antibody titers in anti-SRP myopathy
patients [146]. Although a case series suggested that there is a
significant reduction in anti-SRP titers after rituximab [147],
post hoc analysis from the RIM trial failed to show a signifi-
cant decrease after rituximab [148]. Small case series of anti-

SRP myopathy patients suggest frequent but not universal
response [49, 147]. ENMC consensus recommendations sug-
gest that rituximab can be used instead of or in addition to
methotrexate as second-line therapy [8].

Rituximab rarely induces long-term remission. Some clini-
cians redose rituximab routinely at 6-month intervals, but we
wait until early signs of relapse emerge as some patients may
derive clinical benefit for a year or more before a repeat dose is
required. Retrospective data suggests patients can have
sustained response from a single cycle from less than 1 year
to more than 2 years [149].

Cyclosporine [127, 150–153] and tacrolimus [152, 154,
155] are typically reserved as third-line agents, mainly be-
cause of their side effect profiles. Treated patients reported
in the literature typically have had either myositis refractory
to multiple other immunosuppressants or ILD. Cyclosporine
and tacrolimus have similar side effect profiles, with nephro-
toxicity and worsening hypertension being the most common
side effects requiring dose adjustment or cessation of the drug.
Due to the risk of severe side effects including infertility and
later secondary malignancy, as well as the burden of monitor-
ing required during therapy, cyclophosphamide is typically
reserved as a last option, usually in patients with severe ILD
or systemic vasculitis [156, 157].

Minimizing Deleterious Effects of Treatment

While assuring adequate therapeutic effect, it is equally im-
portant to mitigate the risk associated with immunosuppres-
sion and prolonged corticosteroid use. Together with the pa-
tient’s primary care physician, we ensure fasting blood glu-
cose, serum potassium levels, and blood pressure are moni-
tored regularly during corticosteroid therapy. We also recom-
mend annual eye exams. To limit weight gain, we advise pa-
tients to follow a low-sodium, low-carbohydrate diet. Because
of the risk of incipient osteoporosis, we obtain a baseline bone
density scan (DEXA) and repeat annually while steroids are
continued. Lower baseline bone density and higher daily dose
of corticosteroids are predictive of vertebral fracture, but even
those patients with normal bone density are at an increased
risk [158, 159]. We also prescribe calcium (500 to 600 mg
BID or TID) and vitamin D (1000 IU/daily) to all patients.
Bisphosphonates may be considered in patients with
concerning DEXA results or those at higher risk for osteopo-
rosis such as postmenopausal women. Patients on second-line
agents associated with an increased risk of skin cancer should
be advised to wear sunscreen and avoid UV exposure. In pa-
tients with high-risk ARS antibodies, we perform pulmonary
function testing annually.

Immunosuppressive therapy increases the risk of infection.
Over 15 years of follow-up in one cohort of PM/DM patients,
37% were admitted to the hospital for severe infection.
Aspiration pneumonia was most common, but severe
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opportunistic infection occurred in 11.8% of the patients
[160]. Accordingly, we recommend pneumococcal vaccine
and yearly influenza vaccination. Influenza vaccination has
been demonstrated to be safe and to generate adequate immu-
nogenicity in patients with myositis on immunosuppressive
therapy [161]. Before starting second-line immunosuppres-
sive therapies, we also screen for tuberculosis and hepatitis
B and C. There are no consensus guidelines regarding prophy-
laxis for pneumocystis pneumonia (PCP) in patients with
myositis, but some authors have suggested thresholds of total
lymphocyte count < 800/μL or CD4 counts < 200/μL [162].
Our practice is to recommend prophylaxis to patients receiv-
ing a daily dose of prednisone greater than 20mg/day together
with a second immunosuppressive agent. Finally, progressive
multifocal leukoencephalopathy (PML) due to reactivation of
the JC virus has been reported in myositis patients during
treatment with rituximab, azathioprine, mycophenolate, cy-
closporine, and cyclophosphamide and IVIG [163–165]. The
incremental risk associated with any one agent remains uncer-
tain in this population, as many cases occurred in patients
treated with multiple agents and PML has also been reported
in myositis patients on prednisone monotherapy and even
without immunosuppressive therapy [163].

Treatment of IBM

Unfortunately, immunotherapies to date have generally been
ineffective for IBM. Treated patients will often have a de-
creased serum CK and even reduced inflammation on repeat
muscle biopsy, but this does not correlate with a meaningful
clinical improvement [166]. Moreover, an observational study
found that patients treated with immunosuppressive therapies
were more severely disabled at last follow-up and had more
rapid progression toward handicap with walking [56].
Because of the lack of objective evidence of improvement
and this potential for harm, we do not recommend immuno-
suppressive therapy for patients with IBM.

Myostatin and related ligands in the TGFβ family inhibit
differentiation and growth of skeletal muscle. Bimagrumab is
an antagonistic antibody against activin receptors which me-
diate signaling downstream from myostatin. Despite a prom-
ising proof of concept trial that demonstrated increased thigh
muscle volume after intramuscular injection of the drug [167],
a phase II/III trial of intravenous use failed to meet its primary
efficacy outcome (NCT01925209). Follistatin is an endoge-
nous molecule that binds activins and blocks binding to their
receptors, thus inhibiting the myostatin pathway in a different
way. Gene therapy using a rAAV1 vector to deliver an alter-
natively spliced cDNA isoform of follistatin into muscle was
recently reported to be safe in an open-label study of six pa-
tients with IBM, with no adverse events attributed to gene
therapy [168].

Finally, a phase 2b trial of rapamycin was recently com-
pleted. Rapamycin is an mTOR inhibitor and not only helps
regulate cell survival, protein synthesis, and autophagy, but
also inhibits IL-2. Although the primary outcome—quadri-
ceps strength by quantitative muscle testing—was negative,
significantly less fatty replacement of muscle was seen in
treated patients after 1 year and other clinical measures im-
proved. An open-label extension study is reportedly planned
[169].

Nonpharmacologic Management

A multidisciplinary approach to treatment—including physi-
cal therapy, occupational therapy, speech/swallowing therapy,
and other consultants such as rheumatology, dermatology, and
pulmonology—is recommended to limit patient disability and
to monitor for and manage extramuscular involvement.
Stretching and passive range of motion exercises are impor-
tant for severely weak patients to prevent joint contractures.
Patients with difficulty walking may benefit from assist de-
vices (such as ankle-foot orthotics [AFO] or knee-ankle-foot
orthotic [KAFO]) and aids like a cane or walker.
Rehabilitation programs can also teach patients compensatory
actions that reduce fall risk. Multiple small studies have dem-
onstrated that many forms of aerobic exercise and moderate
intensity strength training are safe in myositis patients, and
help maintain or even improve strength [170, 171]. A small,
open-label study of a home exercise program for patients with
IBM demonstrated increased muscle strength after 16 weeks
[172]. Occupational therapy is helpful for those with function-
al impairment from upper extremity weakness; splinting and
assist devices can be recommended. Patients with dysphagia
should be referred to a speech-language pathologist. Dynamic
imaging can demonstrate the anatomic and physiologic nature
of the dysphagia [173] and compensatory swallowing maneu-
vers and dietary modifications can be taught to improve
swallowing safety and maintain nutrition. Some IBM patients
may benefit from botulinum toxin injection, esophageal dila-
tion, or cricopharyngeal myotomy depending on the nature of
the dysphagia [174].

Long-Term Prognosis and Mortality

Observational studies suggest that 20 to 40% of patients with
DM and PM will achieve a long-term remission (improved
and stable strength, normal serum muscle enzymes, and ab-
sence of other organ system involvement) off pharmacologic
therapy [175–177]. For the remainder of patients, the disease
course will either be chronic continuous or polycyclic, with
relapse(s) after periods of quiescence. Relapse during tapering
of therapy is common, but recurrence of symptoms can also
occur many years after discontinuation of therapy so ongoing
follow-up is important. Many patients with a chronic
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continuous course can return to and maintain normal strength,
but require ongoing treatment. Even among those patients
with normal muscle strength, ongoing perception of disability
is common and patients frequently report reduced quality of
life [178, 37]. Patients with IBM will have slow but continu-
ous progression of weakness throughout their disease course,
leading to the use of a cane on average 10 years and the use of
a wheelchair on average 15 years after disease onset [57, 179].
Patients with disease onset after age 55 to 60 years have been
shown to require gait aids after a significantly shorter period of
time than younger patients [179, 180].

Antibodies may better predict a patient’s prognosis than the
histology seen on muscle pathology, further highlighting the
limitations of the historical classification scheme of inflamma-
tory myopathy. As an example, 16 of 100 patients with anti-
SRP myopathy in one cohort had an inflammatory muscle
biopsy rather than one typical of necrotizing myopathy; these
differences on biopsy were not predictive of clinical outcome
[47]. Anti-Jo-1 antibodies have been associated with reduced
risk of remission off pharmacologic therapy [175]. Patients
with SRP or HMGCR antibodies have been shown to have
low rates of complete response to therapy. In a Japanese co-
hort of patients with either SRP or HMGCR antibodies, less
than 20% of patients had become free of symptoms or disabil-
ity at 2 years [40]. In a cohort of patients from the USA, 48%
of anti-SRP myopathy patients reached full or near-full
strength after 4 years of treatment and 44% of 50 anti-
HMGCRmyopathy patients reached full strength after 2 years
of treatment [43, 149]. Both anti-SRP and anti-HMGCR my-
opathy patients with a younger age of onset have been shown
to be significantly less likely to return to full strength than
older patients [43, 47, 149]. Statin-exposed anti-HMGCRmy-
opathy patients, by contrast, have been shown to be more
treatment responsive [181]. Up to 12% of reported anti-SRP
and anti-HMGCR myopathy patients with longitudinal
follow-up achieved remission off immunosuppressive entirely
[42, 43, 50, 128, 181], leading some experts to recommend
that second-line agents should not tapered or stopped until
patients have had at least 2 years of well-controlled disease
or minimal or no steroids [8, 182].

Although survival has improved over time for myositis
patients, studies have estimated a mortality risk two- to three-
fold higher than that of the general population [182, 183].
Cancer, cardiac involvement, lung complications, and infec-
tions are cited as the most common causes of death [184]. In a
cross-sectional cohort of 831 patients with PM (53%), DM
(43%), and amyopathic DM (4%) over median follow-up of
4.5 years, the risk of death was significantly higher in patients
with ILD (HR 2.13, CI 1.06–4.25, p = 0.03) [185]. In those
without ILD, the survival rates at 1, 5, and 10 years were 99,
95, and 90%, respectively. In those with ILD, the survival
rates at 1, 5, and 10 years were 97, 91, and 81%, respectively.
Interestingly, a 2014 meta-analysis including 27 studies of

3487 patients failed to identify significant differences in mor-
tality between any autoantibodies even despite their often-
distinct clinical presentations [34]. Patients with IBM have
been shown to have normal life expectancy, but complications
of the disease—dysphagia leading to aspiration and pneumo-
nia and severe weakness leading to falls, for example—can
contribute to death in some patients [57, 186].

Future Directions

Given that much of the available evidence comes from obser-
vational studies, there is a need for more prospective trials in
patients with autoimmune myopathies. Recent work has prov-
en that large clinical trials are possible despite the rarity of
these diseases if multicenter, multidisciplinary designs are uti-
lized [142, 187]. There is increasing evidence that type-1 in-
terferon (IFN)-mediated mechanisms are important in the
pathogenesis of DM. Type-1 IFN-induced genes are the
highest differentially upregulated genes in DM muscle, and
studies have demonstrated intracellular aggregation of IFN-
upregulated proteins, with IFN-β playing a particularly im-
portant role [188–190]. In 2013, a phase 1b study of
sifalimumab—an anti-interferon-α monoclonal antibody—in
patients with PM and DM was reported. Measurements of
IFN-gene signature (IFNGS) were suppressed in both blood
and muscle after administration of the drug, and patients that
improved by > 15% on MMT had a greater degree of IFNGS
suppression [191]. A phase II trial of sifalimumab was also
completed for patients with SLE. The pharmaceutical compa-
ny has since abandoned development in favor of anifrolumab,
an anti-interferon-α/β receptor monoclonal antibody, but
there are no myositis trials for this drug at the time of this
writing. A phase 2 trial of an IFN-Kinoid vaccine that induces
production of anti-IFN-α antibodies is currently enrolling pa-
tients (clinicaltrials.gov, NCT02980198).

Janus kinase (JAK) inhibitors, which have a suppressive
effect on interferon signaling, have recently been studied for
use in autoimmune disorders. Interferon-β in particular relies
on these molecules as downstream signal transducers.
Tofacitinib is an oral JAK 1/3 inhibitor that has been approved
in the USA for treatment of rheumatoid arthritis and psoriatic
arthritis. After case reports suggested impressive responses to
the medication in patients with DM refractory to multiple
immunosuppressive therapies [192, 193], a phase 1 trial of
patients with IIM has been initiated (clinicaltrials.gov,
NCT300264).

Recent work has attempted to identify subsets of patients
that may be more likely to benefit from B cell-depleting ther-
apy. In post hoc analysis of patients in the RIM trial, an in-
creased signature of IFN-regulated chemokines (IFNCK) in
either blood [194] or muscle [195] correlated with certain
measures of clinical response. Further work has demonstrated
that IFNCK scores differ among patients with different

988 E. R. McGrath et al.

http://clinicaltrials.gov
http://clinicaltrials.gov


autoantibodies both at baseline and after rituximab treatment
[196]. For example, IFNCK scores were high at baseline and
decreased after rituximab in patients with ASS or anti-Mi-2
antibodies, whereas IFNCK scores were high at baseline but
did not decrease after rituximab in patients with TIF-γ. By
contrast, patients with SRP antibodies had among the lowest
IFNCK scores at baseline and there was no significant change
after rituximab. This underscores that the pathogenesis of the
autoimmune myopathies is not uniform and that the mecha-
nism by which various immunosuppressive therapies affect
the disease process may not be uniform, either. Finally, beli-
mumab, a B cell-depleting agent that inhibits B cell-activating
factor (BAFF), is also being studied in autoimmune myopathy
patients (NCT02347891). BAFF mRNA expression has been
shown to correlate with measures of disease activity [197].
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