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Summary Until recently, the treatment of immune-medi-
ated inflammatory myopathies has largely been empirical
with glucocorticoids, steroid-sparing immunosuppressive
drugs, and intravenous immunoglobulin. However, a pro-
portion of patients are only partially responsive to these
therapies, and there has been a need to consider alternative
treatment approaches. In particular, patients with inclusion
body myositis are resistant to conventional immunother-
apies or show only a transient response, and remain a
major challenge. With increasing recognition of the differ-
ent subtypes of immune-mediated inflammatory myopa-
thies, and improved understanding of their pathogenesis,
more targeted treatments are now being trialled. The over-
all approach to treatment, and novel therapies targeting B
cells, T cells, and specific cytokines are discussed in this
review.
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Introduction

The immune-mediated inflammatory myopathies (IMIM) are
classified into the following groups based on their clinicopath-
ological characteristics and underlying immunopathogenetic
mechanisms: dermatomyositis (DM), polymyositis (PM),
overlap syndrome (OS), inclusion body myositis (IBM), and
necrotizing autoimmune myopathies (NAM) [1–4]. The oc-
currence of immune cell-mediated myocytotoxicity, circulat-
ing autoantibodies, and overexpression of major histocompat-
ibility complex (MHC)molecules inmuscle tissue supports an
autoimmune pathogenesis for these disorders. In the case of
IBM there is still debate as to whether the disease is primarily
autoimmune in origin or a degenerative myopathy with asso-
ciated inflammatory features and an immune component [5].

Although the immunopathogenesis of the different forms
of IMIM is now reasonably well understood [2, 6], the ap-
proach to treatment remains largely empirical and still relies
primarily on the use of traditional forms of immunotherapy
such as corticosteroids and immunosuppressive agents,
which, together with intravenous immunoglobulin therapy
(IVIG), are the mainstays of treatment for most cases of
DM, PM, OS, and NAM. However, recent advances, includ-
ing B-cell depletion and cytokine-based therapies, have pro-
vided important new options for the treatment of more resis-
tant cases. In contrast, most cases of IBM are unresponsive to
these forms of immunotherapy and there are as yet no effec-
tive disease-modifying therapies for this progressive and dis-
abling disease.

In this review we discuss current approaches to the use of
immunotherapeutic agents in the different types of IMIM, aswell
as emerging new therapies targetingB and Tcells, and cytokines.
Childhood myositis is outside of the scope of this review.
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Clinical and Diagnostic Aspects

The clinical diagnosis of IMIM is based on the pattern of
muscle weakness and tempo of the disease, and the character-
istic skin changes in DM and other systemic features of con-
nective tissue disease in patients with OS, which is one of the
largest subgroups (Table 1) [7, 8]. The pattern of muscle in-
volvement is also important in order to exclude other condi-
tions such as Binflammatory^ forms of muscular dystrophy
(e.g., dysferlinopathy and facioscapulohumeral dystrophy),
which can mimic IMIM. In PM, DM, OS, and NAM the time
course is usually subacute and there is typically a proximal
pattern of limb muscle weakness, which may be more severe
in the upper limbs in DM. In more florid cases the weakness is
often more generalized and rapidly progressive, and there may
also be weakness of the bulbar and respiratory muscles. A
more restricted brachioscapulospinal pattern of weakness
can occur in patients with OS associated with scleroderma or
other autoimmune diseases [9, 10]. In contrast to the other
forms of IMIM, in IBM the clinical course is slowly progres-
sive and there is a more selective pattern of muscle weakness
and atrophy, with particular involvement of the quadriceps
femoris and forearm finger flexor and extensor muscles,
which is often asymmetric and more severe on the

nondominant side. Dysphagia due to involvement of the pha-
ryngeal muscles is also common, particularly in cases of IBM.

The muscle biopsy is the definitive diagnostic procedure
that allows confirmation of the immune-inflammatory nature
of the myopathy, as well as the particular type of IMIM in
many cases. Muscle magnetic resonance imaging can be help-
ful diagnostically in demonstrating the distribution of muscle
pathology in the limb and axial muscles, and in some cases
may be helpful in selecting the most appropriate muscle to
biopsy [7]. The serum creatine kinase (CK) level is usually
elevated to varying degrees, particularly in cases of NAM and
severe DM or PM. However, it is nonspecific and may be only
slightly raised or normal in some cases of DM and IBM.

There is increasing awareness of the importance of myosi-
tis autoantibodies as biomarkers for certain subgroups of
IMIM, particularly in OS and NAM (Table 1) [8, 11]. Screen-
ing for autoantibodies may also be helpful diagnostically in
patients in whom the initial clinical manifestations are non-
specific and the muscle biopsy findings are not conclusive
[12]. Antihistidyl tRNA synthetase (anti-Jo-1), which is the
most common of the antisynthetase antibodies, occurs in
about 20% of cases of PM and DM, and is associated with
the antisynthetase syndrome. In IBM, antibodies to cytoplas-
mic 5’-nucleotidase (anti-cN1A) have been reported in up to

Table 1 Clinical, serological, and pathological features of immune-mediated inflammatory myopathies

DM PM/OS NAM IBM

Muscle weakness Proximal predominant
(UL>LL)

Proximal predominant
or restricted

Proximal predominant
or diffuse

Quadriceps, finger
flexors most affected

Skin involvement + – (Can occur in OS) – –

Association with CTD + ++ + +

Association with malignancy + + + –

Association with viral infections
(HIV, HTLV-1, hepatitis C)

+ + + +

Autoantibodies
(antigenic targets)

Mi-2
MDA5
TIF-1
NXP-2

U1-snRNP
PM-Scl
tRNA synthetases
Nucleoporin (Nup)

SRP
HMGCR

5’-nucleotidase
(cN1A)

Histopathology

Myofiber necrosis Fiber groups, perifascicular,
microinfarcts

Single fibers Single fibers Single fibers

Perifascicular atrophy + – – –

Inflammatory infiltrates CD4+ cells, B cells,
pDCs (BDCA2+)

CD8+ cells, plasma cells
(CD138+), mDCs (BDCA1+)

Macrophages
(CD68+)

CD8+ T cells
CD4+ T cells
Plasma cells
pDCs

MAC (C5b-9) ++ – +/- –

MHC-I/II ++ ++ +/- ++

Capillary depletion ++ +/- – –

DM dermatomyositis, PM/OS polymyositis/overlap syndrome,NAM necrotizing autoimmune myopathy, IBM inclusion bodymyositis, CTD connective
tissue disease,HTLV-1 human T-cell leukemia virus,MACmembrane attack complex,MHCmajor histocompatibility complex,UL upper limb, LL lower
limb,MDA5melanoma differentiatio-associated gene 5, TIF-1 transcription intermediary factor 1,NXP-2 nuclear matrix protein 2, snRNP small nuclear
ribonucleoprotein, PM-Sc1 polymyositis-scleroderma, SRP signal recognition particle, HMGCR 3-hydroxy-3-methyl-glutaryl-CoA, pDC plasmacytoid
dendritic cells, mDC myeloid dendritic cells
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70% of cases [13, 14], and, when present, support the diagno-
sis of IBM in patients with a compatible clinical phenotype.
However, as they can also occur in other autoimmune dis-
eases, such as Sjögren’s syndrome and systemic lupus erythe-
matosus, their diagnostic utility is reduced in patients with
these comorbidities [14, 15].

Immunopathogenesis of Inflammatory Myopathies

Immunophenotyping has characterized the inflammatory cell
populations and immune effector cells in the different types
of IMIM. In PM and IBM there is an endomysial inflammatory
infiltrate with a predominance of CD8+ Tcells surrounding and
invading MHC-I expressing myofibers [16]. These cells puta-
tively induce cytotoxic myonecrosis through an interaction be-
tween antigen-presentingMHC-I molecules and co-stimulatory
molecules on CD8+ cells [6, 17, 18]. The infiltrating cells in
PM also include CD68+ macrophages and myeloid dendritic
cells, which are thought to participate in the cytotoxic process
[2, 19], as well as apoptosis-resistant CD8+CD28−/−, CD4+
CD28−/−, cells which have been suggested may contribute to
treatment resistance [20]. T-cell receptor profiling has shown
that the CD8+ T cells are clonally restricted in situ and persist
over time [21–23]. Recent observations suggest that invasion
of non-necrotic myofibers by endomysial inflammatory cells is
usually indicative of IBM, even in the absence of rimmed vac-
uoles and other histological changes [24].

In DM a humorally driven process is thought to cause
complement-mediated injury to capillary endothelial cells in
muscle and skin, resulting in capillary loss, ischemic myofiber
necrosis, and atrophy of perifascicular muscle fibers [2]. How-
ever, the putative autoantigens and their targets have yet to be
identified. The inflammatory infiltrate is predominantly
perivascular and perimysial in distribution, and comprises pri-
marily CD4+ T cells, as well as macrophages, B cells and
plasma cells, and type 1 interferon (IFN)-α secreting
plasmacytoid dendritic cells [25]. Antibodies to a number of
ubiquitous autoantigens are present in some cases and serve as
markers for subgroups of patients (Table 1), but their role in
disease pathogenesis is yet to be determined [3, 26].

In myositis associated with anti-Jo-1 antibodies and the
antisynthetase syndrome, the inflammatory infiltrate consists
of macrophages and T cells, and is mainly perimysial and
perivascular in distribution, with sarcolemmal complement
deposition and necrosis of perifascicular myofibres, and frag-
mentation and intense alkaline phosphatase staining of
perimysial connective tissue [27, 28].

Humoral mechanisms are also thought to be involved in the
NAM group of myopathies, which are etiologically heteroge-
neous. The best-characterized subgroups are those associated
with serum autoantibodies to signal recognition peptide (anti-
SRP), or to 3-hydroxy-3-methyl-glutaryl-CoA reductase (anti-

HMGCR), the latter usually occurring in patients who have
been on statin drugs, but may also occur in statin-naïve pa-
tients. NAMmay also occur in the absence of these antibodies
in patients with malignancy, connective tissue diseases, or
viral infections [29]. The inflammatory infiltrate is usually
absent or sparse but when present comprises mainly CD68+
macrophages, with a type I helper T cell (Th1)/M1 macro-
phage response in the muscle tissue [30]. There can be upreg-
ulation of MHC-I antigens in myofibers, particularly in cases
associated with statin drug therapy [31, 32]. In anti-SRP-
associated cases a complement-dependent antibody-mediated
mechanism has been implicated [33].

Traditionally the Th1-related cytokines tumor necrosis fac-
tor (TNF)-α and IFN-γ are considered key pathogenic media-
tors in the IMIMs, and this has been the basis for trying
cytokine-targeted therapies, such as the TNF-α inhibitors [4].
However, more recent studies have also implicated the Th17
pathway as an alternative pathogenic mechanism in PM and
DM, and have identified the strongly proinflammatory cyto-
kine IL-17 and other Th17 cytokines such IL-22 and IL-6 as
potentially novel therapeutic targets. In addition to their effects
on the immune response, certain cytokines such as IL-17 and
IL-1α may also act directly on muscle tissue by activating
signaling pathways such as nuclear factor kappa B, leading to
upregulated expression of MHC-I and production of cytokines
and chemokines [34, 35]. In IBM there is evidence that proin-
flammatory cytokines such as IL-1β may contribute to the
degenerative process in myofibers by leading to increased ex-
pression of amyloid precursor protein and cell stress proteins,
and to the accumulation of amyloid proteins [36].

DM, PM, and OS

Conventional Therapies

Although their efficacy has never been confirmed in a ran-
domized controlled trial (RCT), corticosteroids are the tradi-
tional first-line treatment for DM, PM, and OS once the diag-
nosis has been established and other disorders that can mimic
an IMIM have been excluded [6, 37, 38]. It is usual to start
treatment with oral prednisolone at a dose of ~1 mg/kg/day
and it is preferable to avoid using higher doses because of the
greater risk of steroid side effects. In patients with more severe
weakness, and particularly if there is weakness of the bulbar or
respiratory muscles, a quicker response may be achieved by
starting treatment with intravenous methylprednisolone (3–5
pulses of 0.5–1.0 g) and then continuing with oral predniso-
lone. Previous reviews have discussed the practical aspects of
managing ongoing therapy and have emphasized the impor-
tance of not continuing high doses of steroids for too long and
balancing this against not tapering the dose too quickly. They
advocate the introduction of an immunosuppressive agent
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such as methotrexate, azathioprine, or mycophenolate earlier
rather than later as a steroid-sparing strategy [34, 38–41]. Oral
pulse therapy with dexamethasone (monthly cycles of 40 mg/
day for 4 consecutive days) has been suggested as an alterna-
tive to prednisolone and has been shown to be as effective in a
RCT and to have a more favorable side effect profile, but the
time to relapse was shorter with dexamethasone [42].

Few studies have compared the relative efficacy and side
effect profiles of the different immunosuppressive agents in
randomized myositis trials [43]. Overall, these studies have
not shown evidence for superior efficacy of any of the com-
monly used drugs, namely methotrexate, azathioprine, myco-
phenolate, and ciclosporin. However, in view of the small
numbers of subjects in these trials, further prospective studies
in larger patient cohorts are still needed to provide a more
reliable evidence base for the choice of first- and second-line
immunosuppressive therapies in practice.

In some patients the myositis is unresponsive to corticoste-
roids and immunosuppressives, or is not adequately con-
trolled. In such cases the diagnosis should first be revisited
to ensure that other disorders such as dysferlinopathy and
other forms of muscular dystrophies that can mimic an IMIM
have been adequately excluded [37], before considering other
therapeutic options such as switching or combining immuno-
suppressive agents, or a course of IVIG or rituximab (Fig. 1).
A number of studies have investigated the possible mecha-
nisms responsible for steroid resistance; however, at present
there is no reliable way of predicting whether or not a patient
will be responsive to steroids [44]. Ikezoe et al. [45] found that
the numbers of endomysial CD8+ Tcells that stained positive-
ly for the cytolytic molecule granulysin were higher in steroid-

resistant PM cases than in steroid-responsive cases, and sug-
gested that measurement of serum granulysin levels may be
predictive of steroid responsiveness and prognosis. Steroid
resistance may be related to increased survival of infiltrating
T cells in muscle tissue, which has been linked to high mobil-
ity group protein B1-induced activation of autophagic mech-
anisms in T cells [46].

IVIG

The efficacy of IVIG as an add-on treatment in resistant cases
of DMwas demonstrated in a double-blind crossover trial [47,
48], and has also been confirmed in clinical practice. It has
also been shown to be effective for the treatment of cases of
drug-resistant PM, OS, and NAM, although its efficacy in
these conditions has not been confirmed in a RCT [49]. The
results of short-term (3–6-month) placebo-controlled trials of
IVIG in IBM showed only minor functional benefits or tem-
porary disease stabilization [50–52]; however, there have not
been any longer-term studies and it is not known whether
continued IVIG therapy would modify the course of the
disease.

In current practice IVIG is reserved for treatment of more
severe cases of DM, PM, OS, and NAM that are not adequate-
ly controlled with steroids and immunosuppressives, particu-
larly if there are other associated problems such as interstitial
lung disease or myocarditis, and for patients with severe re-
lapses who have bulbar or respiratory muscle weakness. IVIG
is thought to be particularly effective in statin-induced NAM
[53], and is also an ideal alternative treatment option in pa-
tients with immunodeficiency [48], or those who have adverse

Steroids
• Prednisolone: 1mg/kg/day PO for 4-6 wks 

then slow taper
• Severe cases: IV Methylprednisolone 1g/d  

for 3 days followed by oral prednisolone 

1st Line 
Therapy

Steroid-sparing agent
• MTX or AZA or MMF 
• Tacrolimus/cyclosporin in cases

with associated ILD

2nd Line 
Therapy

If treatment resistant: Re-visit diagnosis and confirm IMIM

Add-on Options
• Consider dual immunosuppressive therapy or  
• IV Immunoglobulin (especially for DM and NAM) or
• Rituximab (especially for DM and NAM)

3rd Line 
Therapy

Biological Therapies
• B/T-cell therapies
• Anti-cytokine therapies

Fig. 1 Proposed schema for the
use of currently available treatment
modalities in immune-mediated
inflammatory myopathies (IMIM).
IV = intravenous; MTX =
methotrexate; AZA = azathioprine;
MMF = mycophenolate mofetil;
ILD = interstitial lung disease;
DM = dermatomyositis;
NAM = necrotizing autoimmune
myopathy
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reactions to immunosuppressives, and in children or women
of child-bearing age. It has also been used safely to treat myo-
sitis and other autoimmune disorders during pregnancy [54,
55].

A recent trial of GB-0998, which is polyethylene glycol-
treated human IgG, in refractory PM/DM (NCT00335985)
[56], found GB-0998 was well tolerated, and resulted in sig-
nificant improvement in muscle strength, swallowing scores,
and time to normalization of serum CK. However, there was
also some improvement in the placebo group and the differ-
ences between the 2 patient groups were not significant. Sev-
eral possible reasons were suggested for this, including low
patient numbers and the possibility that the placebo group had
a partial response to corticosteroids. A group of 7 patients (4
with DM, 3 with PM) were recently trialed on subcutaneous
immunoglobulin, where significant benefits in muscle func-
tion and quality of life, as well as safety and tolerability, were
demonstrated, suggesting that further trials should be under-
taken [57, 58]. There is also an ongoing clinical trial of sub-
cutaneous immunoglobulin (Hizentra) for patients with DM
(NCT02271165).

Biologic Agents

In patients who are still left with active disease and muscle
weakness, despite high-dose steroids, steroid-sparing agents,
and IVIG, or are intolerant of such therapies, there is a need
for more targeted forms of immunotherapy. As the molecular
mechanisms underlying the etiopathogenesis are still not fully
understood, the targets for biological therapies have not yet
been fully identified. However, we have entered a new era of
specific therapies that target different arms of the immune
system, such as selectively depleting B or T cells, and co-
stimulatory and adhesion molecules and cytokines. Based on
presumed immunopathogenic pathways, many clinicians have
trialed these agents in IMIMs, and there have been multiple
case reports where biological therapies have been effective in
treating active myositis, leading to multiple trials of these
therapies (Table 2). The use of these biological agents has
revolutionized the treatment of other inflammatory conditions,
including rheumatoid arthritis and Crohn’s disease, and are
usually well tolerated but come with potential risks, including
infusion/injection reactions, infections including progressive
multifocal encephalopathy [59], and tumors, particularly lym-
phoma. As we more fully understand the different subtypes of
myositis and their distinct pathophysiological pathways,
targeted therapies may well move to be first- or second-line
therapy.

B- and T-Cell Therapies

A number of early case reports and case series reported posi-
tive effects of rituximab (an anti-CD20 monoclonal antibody

that depletes B cells), on resistant PM and anti-SRP-associated
disease [60–62]. There have also been many positive reports
on the efficacy of rituximab in treatment-resistant DM
[63–67]. These early reports led to an open-label study of
rituximab for refractory PM [68]. Rituximab was found to
be well tolerated and there was a trend towards a positive
effect. This was followed by a randomized trial performed
by Oddis et al. [69] in 200 patients with refractory PM and
DM. They reported that 83% of randomized patients met the
definition of improvement by around 20 weeks and that the
treatment was well tolerated and had a significant steroid-
sparing effect over the 44-week study period, although the
primary and secondary outcome measures were not achieved
[69]. A recent retrospective review of the effectiveness of
rituximab in 16 cases of refractory myositis reported a 50%
response rate at 6 months, with the best response in patients
with overlap myositis and the antisynthetase syndrome [70].
However, not all patients respond to rituximab [71, 72], and,
as yet, it is not possible to identify which patients are likely to
respond. Aggarwal et al. [73] analyzed data on 195 patients
with myositis treated with rituximab to find predictors of re-
sponse to treatment, and found the presence of antisynthetase
(primarily anti-Jo-1) and anti-Mi-2 antibodies, juvenile DM,
and a lower disease damage score (physician’s global assess-
ment) strongly predicted improvement with rituximab in pa-
tients with refractory myositis. Humanized forms of monoclo-
nal anti-CD20 antibodies (e.g., ocrelizumab) may be better
tolerated but have not yet been tried in myositis. In addition
to rituximab, there is a current trial of belimumab, which is an
inhibitor of B-cell activation (NCT02347891) in refractory
immune-mediated myopathies.

Alemtuzumab, an anti-CD52 antibody that depletes T cells
and mature monocytes, has been trialed in IBM but not in PM,
DM or NAM [74]. However, there has been a single case
report describing the efficacy of alemtuzumab in treatment-
resistant PM [75]. Another T-cell inhibitor, abatacept, which
blocks co-stimulation of T cells by inhibiting binding of the
co-stimulatory protein CD28 expressed on effector Tcells, has
been reported to be effective in some case reports of refractory
myositis [76–78]. A trial, BAbatacept Treatment in Polymyo-
sitis and Dermatomyositis^ (ARTEMIS) (NCT01315938),
was completed in 2013 but the results have not yet been pub-
lished. BAF312 (fingolimod), a sphingosine 1-phosphate re-
ceptor modulator that functions as an immunomodulator trap-
ping T cells in lymphoid organs, is currently being trialed in
refractory PM (NCT01801917) and DM (NCT02029274).
The drug leads to an 80% reduction in peripheral T-cell
counts, and is in current use for the treatment of multiple
sclerosis. Given the infiltration of T cells in PM and DM,
and the recent success in other autoimmune disorders, the
results of this trial are awaited with interest, and perhaps a trial
of alemtuzumab should also be considered in treatment-
resistant myositis.

136 Needham and Mastaglia



Table 2 Recent/current clinical trials in myositis with biologic therapies

Name of drug Mode of action Clinical trials identifier/trial
type/phase/patient number

Trial population Results

Belimumab Anti-B-cell-activating
factor Ab inhibits
B-cell activation

NCT02347891
Phase 2/3
Multicenter, double-blind,

placebo-controlled
crossover

Aiming for 60 patients

Refractory IIMs Recruiting

Alemtuzumab Anti-CD52 Ab depleting
mature T cells and
monocytes

NCT00079768
Phase 2
Interventional trial
13 patients

sIBM Slowed disease
progression,
improvement in some
patients, reduced
endomysial
inflammation and stress
molecules [74]

Arimoclomol Amplifies heat shock
protein expression

NCT00769860
Phase 2a
Double-blind RCT
24 patients

sIBM Safe and well tolerated, and
a trend to slower decline
[138]

Rituximab
(FORCE study)

Chimeric anti-CD20 Ab
(B-cell marker)

NCT00774462
Phase 2
Open-label single

group assignment
12 patients

Refractory IIMs with
specific antibodies and
myasthenia gravis

Rituximab allowed a
reduction in
immunosuppressants in
around 50% of cases,
with benefit seen in
muscle strength,
arthralgia, and lung
disease. [139]

Rituximab Chimeric anti-CD20 Ab
(B-cell marker)

NCT00106184
Phase 2
Double-blind
Parallel assignment
200 patients

DM and PM 83% improved over 44
weeks and provided a
significant steroid-
sparing effect, but
primary and secondary
outcomes not met [69]

Rituximab vs
Cyclophosphamide
in ILD

Chimeric anti-CD20 Ab
(B-cell marker)

NCT01862926
Phase 2/3
Double-blind RCT
Estimated 116

Interstitial lung disease
Scleroderma
IIM
MCTD

Recruiting

Follistatin gene
transfer

Gene therapy trial to
deliver a gene to muscle
called follistatin (FS344)
that can build muscle
size and strength

NCT01519349
Phase 1
Open-label single

group assignment
Aiming for 15 patients

IBM and Becker
muscular dystrophy

Enrolling by invitation
only

Infliximab Anti-TNF-α NCT00443222
Phase 2/3
Interventional single

group assignment
13 patients

Refractory
PM/DM/sIBM

Inflixmab not effective in
refractory IIMs [92]

Infliximab Anti-TNF-α NCT00033891
RCT
18 patients (12 treatment,

6 placebo)

Refractory PM/DM Well tolerated but only
limited efficacy in adult
refractory PM/DM [140]

Infliximab Anti-TNF-α and
Methotrexate

Open-label trial
6 patients

Drug-naïve recent
onset PM/DM

Study terminated early
owing to low recruitment
and high disease
progression, but may be
a subgroup who respond
[91]

Bimagrumab Humanized anti-activin II re-
ceptor Ab to promote
muscle growth

NCT01423110
Phase 2
Double-blind RCT
14 patients

sIBM Single infusion resulted in
increased thigh muscle
volume, lean body
mass and improved 6-min
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Table 2 (continued)

Name of drug Mode of action Clinical trials identifier/trial
type/phase/patient number

Trial population Results

walking distance
[141]

Anakinra Anti-IL-1
receptor antagonist

NCT01165008
Phase 2/3
Interventional single group

assignment
15 patients

Refractory
PM/DM/sIBM

7 improved, (3 DM, 3 PM,
1 sIBM), 5 unchanged,
and 3 worsened. Results
need to be confirmed in
larger studies [96, 142]

Anakinra Anti-IL-1
receptor antagonist

Kosmidis et al. [137]
Phase 2
Single group assignment
4 patients

sIBM No improvement in grip
strength in any patient
[137]

Etancercept Anti-TNF-α NCT00802815
Phase 0
Double-blind
RCT
Aimed for 20 patients

sIBM No results found

Etancercept Anti-TNF-α Phase 2
Single group allocation
9 patients, 34 controls

sIBM No statistical difference
between treatment group
and natural history group
except small
improvement grip
strength at 12 months
[143]

Etanercept Anti-TNF-α NCT00112385
Phase 1
Double-Blind
RCT
16 patients (11 Etanercept, 5

placebo)

DM Significant steroid-sparing
effect and longer time to
relapse [94]

Autologous stem cell
transplant

NCT00278564
Phase 1
Open-label
Single group assignment
Aiming for 10 patients

DM/PM/OS Currently recruiting

BAF312
(Fingolimod)

Sphingosine 1-phosphate
receptor modulator
which functions as an im-
munomodulator
trapping T cells in
lymphoid organs

NCT01148810
Phase 2 study
Double-blind
RCT
29 patients

Refractory
DM/PM

Study terminated

BAF312
(Fingolimod)

As above NCT01801917
Phase 2
Double-blind
RCT
Aiming for 30 patients

Refractory PM Currently recruiting

BAF312
(Fingolimod)

As above NCT02029274
Phase 2
Double-blind
RCT
Aiming 56 patients

Refractory DM Currently recruiting

H5G1.1-mAb
(Eculizumab)

Anti-C5 (complement 5)
Monoclonal antibody
preventing cleavage
into C5a and C5b
fragments

NCT00005571
Phase 2
Third-party blind
RCT
Aimed for 15 patients

Refractory DM Unable to find results

Abatacept
(ARTEMIS)

Inhibits co-stimulation
of T cells

NCT01315938
Phase 2
Single group assignment
Aimed for 20 patients

Refractory
PM/DM

Trial completed but no
results found

Hizentra Subcutaneous IVIG NCT02271165 DM Ongoing
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Cytokine-Based Therapies

There are elevated levels of soluble TNF receptors and TNF-α
in the serum of patients with active PM and DM [79]; how-
ever, there are conflicting reports in the literature about the
efficacy of TNF-α inhibitors in the treatment of myositis.
While early case series reported positive effects [80–86], there
has been increasing concern over these drugs due to some
recent reports of disease flares or the initiation of myositis
with TNF-α therapies [87–90]. An open-label study looking
at the efficacy of infliximab combined with methotrexate was
terminated owing to a low inclusion rate and a high dropout
rate due to disease progression or side effects [91]. Another
open-label study of infliximab performed in 13 patients with
refractory DM/PM/IBM found no patients improved in mus-
cle strength, measured by manual muscle testing, and several
patients actually worsened [92]. A study of etanercept in ac-
tive DM did not show any initial improvement until an addi-
tional drug (methotrexate or azathioprine) was added [93].
However, a recent RCT of etanercept in active DM showed
it was well tolerated [94], and the etancercept-treated group
had a longer time to treatment failure and a lower mean pred-
nisolone dose. This may suggest that subgroups of patients

might respond to this class of drug, but predictors of response
to the TNF-α inhibitors are not yet known, and, in general,
they are not currently recommended in the treatment of active
myositis.

Interleukin (IL)-1α and IL-β have been shown to be up-
regulated in muscle tissue from patients with PM, DM, and
IBM [95]. An open-label trial was performed with an IL-1
blocking agent (anakinra, 100 mg s.c. daily) to assess efficacy
and tolerability in a cohort of 15 treatment-resistant patients
with PM (n = 6), DM (n = 4) and IBM (n = 5) [96]. They
found improvement in 7 patients (3 with PM, 3 with DM, and
1 with IBM), 5 were unchanged and 3 worsened, which cor-
related somewhat with IL-1Ra (receptor antagonist) expres-
sion in post-treatment biopsies, which may warrant further
investigation in a larger placebo-controlled trial. A trial of
gevokizumab (an anti-IL-1βmonoclonal antibody) is current-
ly recruiting patients with refractory PM/DM and NAM
(EudraCT number 2012-005772-34).

IL-6 plays a role in antibody production and the release of
acute-phase proteins [97, 98]. There has been a report pub-
lished of 2 patients with refractory PM responding well to
tocalizumab, a monoclonal antibody to IL-6 [99]. In addition
to blocking Il-6, tocalizumab is also believed to have other

Table 2 (continued)

Name of drug Mode of action Clinical trials identifier/trial
type/phase/patient number

Trial population Results

Phase 0
Open-label
Aiming for 10 patients

Apremilast Selective phosphodiesterase
4 inhibitor

NCT01140503
Phase 2
Open-label, single group

assignment
Aimed for 5 patients

Cutaneous
manifestations DM

Study terminated owing
to low recruitment

GB-0998 Polyethylene glycol-
treated human IgG

NCT00335985
Phase 3
Double-blind RCT
26 patients

(16 PM, 10 DM)

Refractory DM/PM Significant improvement
in endpoints for both
treatment and placebo
groups, without
significant difference
between groups [56]

Tocilizumab Anti-IL-6 Ab NCT02043548
Phase 2
Double-blind
RCT
Aiming for 40 patients

Refractory
DM/PM

Currently recruiting

Gevokizumab Anti-IL-1β EudraCT number
2012-005772-34

PM/DM/NAM Currently recruiting

Sifalimumab
(MEDI-545)

Anti-IFN-α Ab NCT00533091
Phase 1b study
Double-blind
RCT
26 PM, 25 DM patients

PM/DM Suppression of IFN in blood
and muscle
and some clinical
improvement [144]

Ab antibody, IIM idiopathic inflammatory myopathy, sIBM sporadic inclusion body myositis, RCT randomized controlled trial, DM dermatomyositis,
PM polymyositis,MCTDmixed connective tissue disease, IBM inclusion body myositis, TNF tumor necrosis factor, IVIG intravenous immunoglobulin,
NAM necrotizing autoimmune myopathy, IFN interferon
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immunomodulatory effects, which may predict effectiveness
in myositis [100, 101]. IL-6 blockade has also been shown to
be effective in mouse models of myositis [102]. This agent is
currently under trial in refractory DM/PM (NCT02043548).

DM is thought to be a humorally mediated attack on mus-
cle and skin with the early deposition of membrane attack
complex on capillaries in both skin and muscle. Eculizumab
(an anti-C5 monoclonal antibody that prevents cleavage into
C5a and C5b and formation of the membrane attack complex)
has been trialed in 15 cases of refractory DM (NCT00005571)
with some positive indications for response, and warrants fur-
ther evaluation [103].

In addition, there is overexpression of IFN-inducible genes
in active myositis, particularly in DM, which likely contrib-
utes to myofiber injury [104, 105]. Therefore, MEDI-545
(Sifalimumab), an anti-IFN-α monoclonal antibody, was
trialed in refractory PM/DM (NCT00533091). This phase
1B study found suppression of IFN in blood and muscle and
some clinical improvement, suggesting that further studies
may be worthwhile [106].

Other Treatments

Adrenocorticotropic hormone (ACTH) gel is a currently ap-
proved but not often used treatment for active myositis.
ACTH gel is reported to have steroidogenic and anti-
inflammatory effects, as well as immunomodulatory proper-
ties via its interaction with the melanocortin receptors in im-
mune effector cells, and has been reported to be effective in
nephrotic syndrome, and exacerbations of multiple sclerosis
and systemic lupus erthythematosus [107, 108]. A trial of 80
U (1 ml) twice weekly in 4 patients with DM/PM, and once
weekly in 1 patient for 12 weeks was carried out. All patients
tolerated the treatment well, and had improved muscle
strength and reduced pain, and skin involvement cleared
[109]. Although this was a retrospective case series in patients
who were also on other therapies, given the tolerability and
possible efficacy, a further prospective trial should be
considered.

In severe autoimmune disorders, autologous stem cell
transplantation is another therapeutic option that has been
considered. There has been a report of a patient with
refractory anti-SRP-associated myositis who responded to
myeloablative cyclophosphamide and total body irradia-
tion, with normalization of CK levels and improvement
in muscle strength, which was sustained for 3 years
[110]. In addition, a sustained response was also achieved
in 2 patients with severe refractory juvenile DM after
conditioning with fludarabine, cyclophosphamide, and
antithymocyte globulin [111]. There is currently a trial of
autologous stem cell transplantation recruiting for refracto-
ry PM/DM/JDM and OS (NCT00278564).

Mesenchymal stem cells have some immunosuppressive
effects and have little immunogenicity, and have also been
trialed in a group of 10 patients with refractory PM/DM
[112]. These allogeneic mesenchymal stem cells were obtain-
ed from bone marrow or umbilical cord, and are in current use
for treating steroid-resistant graft-versus-host disease. Two
patients died within 6 months. The deaths were associated
with infections and disease recurrence leading to myocarditis
and heart failure. The remaining patients had a reduction in
their prednisolone dose and CK levels, and some improve-
ment in muscle strength, suggesting that this form of treatment
may be worth considering in patients who are resistant to all
other forms of therapy.

Plasma exchange is thought to be helpful in removing
autoreactive antibodies. Therefore, in some forms of IMIM,
such as those associated with the anti-SRP or anti-HMGCR
antibodies, there may be a theoretical role for such treatment.
An early open-label study of patients with refractory PM/DM
appeared positive [113], but a later randomized blinded trial was
negative [114]. It may be useful to re-examine this in particular
subtypes of myositis where antibodies are playing an important
role, as there have been subsequent reports of benefit in a patient
with DM and interstitial lung diseases (ILD) [115].

It has been postulated, on the basis of low serum levels of
vitamin D, particularly early in the course of disease, com-
pared with normal controls, that low vitamin D may be a risk
factor for the development of inflammatory myopathies [116].
Moreover, there is a significantly higher frequency of autoan-
tibodies, including anti- ANA (antinuclear antibody) and anti-
SRP, in vitamin D-deficient patients [117, 118]. Vitamin D
supplementation and vitamin D receptor agonists are being
increasingly explored in autoimmune diseases, including the
inflammatory myopathies [119], as they particularly seem to
target Th1-mediated inflammation [120]. This is a future di-
rection worth exploring in inflammatory myopathies as an
adjunct to other immunosuppressive treatment.

Recent studies have also shown that aerobic and resistance
exercise programs can be beneficial in IMIMs when carried
out in combination with immunotherapy and can improve
aerobic performance and functional capacity [121, 122]. Oral
creatine supplements have also been shown to improve mus-
cle function [123].

NAM

NAMwas only separated from PM by the muscle study group
in 2004 [124], and is now recognized as a distinct form of
IMIM. In contrast to DM and PM, there have not been any
RCTs of immunotherapies in NAM, and the current approach
to treatment is similar to that in PM and DM and is based
largely on published case reports and case series. It is increas-
ingly recognized that many patients with NAM are more
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resistant to conventional therapies than most cases of DM and
PM. Few patients are fully controlled with corticosteroids
alone and other options such as IVIG and biologic therapies
are often required in patients who fail traditional first-line
therapies [125]. While the majority of patients with anti-
HMGCR-associated NAM respond satisfactorily to a combi-
nation of prednisolone and an immunosuppressant such as
methotrexate, there is a high frequency of relapse when the
treatment is tapered or withdrawn, and many patients require
treatment with IVIG or other therapies [31, 126, 127]. It is of
interest that patients who had been exposed to statins were
more likely to respond to treatment, whereas statin-naïve pa-
tients were more resistant, even with aggressive immunosup-
pressive treatment [127].

In anti-SRP-associated NAM the response to treatment is
also variable. In the largest series of cases reported to date, of
84 patients who received prednisolone and were followed
over a 2-year period, 62 (77%) required additional therapies
including IVIG, IV methylprednisolone, oral immunosup-
pressive agents, or IV cyclophosphamide [128]. A good re-
sponse to treatment was noted in 32% of cases, whereas 45%
showed only a partial response and required long-term immu-
notherapy, and 12% had only a minimal response and contin-
ued to deteriorate. In a series of 8 cases of anti-SRP-associated
NAM, 6 patients who were refractory to standard immuno-
suppressive therapy were treated with rituximab and showed
improved muscle strength, decline in CK levels, and reduced
corticosteroid dose requirements, with an associated drop in
anti-SRP antibody titers [129].

IBM

In spite of the T-cell-predominant inflammatory infiltrate and
the strong evidence for an immune basis for the disease, the
majority of cases of IBM fail to respond to conventional forms
of immunotherapy or, at best, show only a temporary re-
sponse, and none of the currently available therapies appear
to alter the eventual course of the disease. The use of cortico-
steroids and other immune therapies in IBM has been largely
empirical and there have been few RCTs of immunosuppres-
sive agents or other therapies [50–52].

Immunosuppressive Therapies

An early open-label trial showed that although treatment with
prednisolone and immunosuppressants reduced serum CK
levels and muscle inflammation it did not prevent progression
in the clinical course of the disease and degenerative changes
in muscle biopsies [130]. A later study of repeat muscle biop-
sies in patients treated with IVIG and prednisolone showed
that although the levels of a number of proinflammatory
chemokines and cytokines and of ubiquitin and β-amyloid

were reduced after treatment, TNF-α and mediators of
nitrosative stress such as inducible nitric oxide synthase and
nitrotyrosine were not reduced [131]. These findings indicate
that immunosuppression per se is not sufficient to reverse all
of the changes in IBM muscle and that the degenerative
component of the disease persists even if the inflammation
is suppressed. A similar conclusion is suggested by the re-
sults of the 2 small trials of T-cell depletion, initially using
anti-T-lymphocyte globulin and subsequently alemtuzumab
[74, 132], which showed a possible slowing in the rate of
disease progression, although this needs to be confirmed in
larger groups of patients. In the case of the anti-T-
lymphocyte globulin trial there was a suggestion that com-
bining T-cell depletion and immunosuppression with meth-
otrexate may be more effective. In our experience of 2 pa-
tients treated with alemtuzumab, the potential minor benefits
of such therapies need to be balanced against the risks of
adverse effects such as severe infections (F Mastaglia and M
Needham, unpublished).

IVIG

There have been a number of studies to evaluate the efficacy
of IVIG in IBM, including 3 short-term placebo-controlled
crossover trials [50–52]. The first of these was a 6-month
study in which 19 patients with IBM received either IVIG or
placebo for 3 months. Although the overall results were not
conclusive, swallowing function improved on IVIG and there
were improvements in muscle strength, particularly in some
lower limb muscle groups [50]. In keeping with these find-
ings, a second crossover study in which 22 patients with IBM
received either IVIG or placebo in combination with their
previous immunosuppressant medications for periods of 6
months concluded that there were mild functional improve-
ments and apparent disease stabilization in the majority of
patients over the 12-month period of the study [52]. A further
study compared the efficacy of combined IVIG plus high-dose
prednisone versus placebo plus prednisone, and found no sig-
nificant changes in muscle strength, although repeat muscle
biopsies showed a significant reduction in numbers of necrotic
fibres in the IVIG randomized group [51]. In a recent uncon-
trolled follow-up study of 16 patients with IBM who received
up to 20 IVIG infusions in combination with their regular
immunosuppressive medications and were followed for a
mean period of 23 months, improvement in swallowing and
in quadriceps muscle strength, and serum CK reductions of >
20% were noted in some patients but were not sustained at the
end of the follow-up period [133]. The findings of these stud-
ies suggest that IVIG can have an impact on the disease pro-
cess, which appears to vary in different muscle groups and in
different patients. However, it remains to be determined
whether more prolonged maintenance IVIG therapy can
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prevent the progression of the disease if it is started at an early
stage in combination with immunosuppression.

Cytokine-Based Therapies

So far, there have been few studies of cytokine-based thera-
pies in IBM. Two randomized controlled studies of β-IFN-1a
in a low and high dose failed to demonstrate any significant
benefit [134, 135]. A small open trial of the TNF-α blocker
etanercept in a group of 9 patients with IBM treated for an
average of 17months showed a small but significant improve-
ment in hand grip strength at 12 months compared with a
natural history cohort of patients and may warrant further
evaluation in a controlled trial [136]. A small pilot study of
the IL-1 receptor antagonist anakinra administered to 4 pa-
tients with longstanding IBM for a mean period of 7.7 months
did not demonstrate any improvement in muscle strength or
disease stabilization [137]. However, as in the case of IVIG it
is possible that these cytokine-based therapies may be more
effective if they are given at an earlier stage of the disease and
over a longer timeframe.

Therapeutic Approach in the Clinic

Given the lack of a sound evidence base the use of these
therapies in practice remains empirical. The authors recom-
mend a 6–12-month trial of combined prednisolone and meth-
otrexate selectively, particularly in patients whose disease is
diagnosed early, or if there is a co-existing autoimmune dis-
ease such as Sjögren’s syndrome or a connective tissue dis-
ease, and if the muscle biopsy shows prominent inflammation,
with careful monitoring for steroid side effects, especially ste-
roid myopathy. In our experience ~20% of patients show an
initial improvement or stabilization in muscle strength and are
then continued on a maintenance immunosuppressive regi-
men. In patients with more rapidly progressive weakness or
prominent dysphagia, a 3–6-month trial of monthly IVIG is
recommended followed by a monthly maintenance regimen in
patients who respond.

Concluding Remarks

The current approach to the treatment of IMIMs is still largely
empirical and further RCTs are needed to provide a better
evidence base for the use of immunosuppressive agents and
other therapies in resistant cases of PM, DM, OS, and NAM.
There is also a need for further trials of these therapies in IBM
to determine whether certain subgroups of patients are more
likely to respond if they are treated at an early stage of the
disease, and if progression of the disease can be prevented if
IVIG is administered over longer periods in combination with
other forms of immunotherapy. The use of biologics in IMIM

is still in its infancy and further multicenter trials of B- and T-
cell depletion are required to determine the role of these ther-
apies in resistant cases. In addition, the role of therapies
targeting key cytokines involved in the pathogenesis of the
different forms of myositis warrants further investigation, in-
cluding approaches directed at proinflammatory cytokines
such as IL-17, which are proving to be effective in other au-
toimmune diseases [35].
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