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Introduction
The idiopathic inflammatory myopathies (IIMs) 
are a heterogeneous group of disorders of 
unknown etiology that include dermatomyositis 
(DM), polymyositis (PM), inclusion body myosi-
tis (IBM), and the more recently described entity, 
immune-mediated necrotizing myopathy. They 
are characterized by clinically significant muscle 
weakness, elevated muscle enzymes, electromyo-
graphic changes, and, in some instances, charac-
teristic histologic changes with cellular infiltrates 
on muscle biopsy. They have been associated with 
myositis-specific antibodies and display a variable 
response to a host of immunosuppressive medi-
cations. Treatment of IIMs has been challenging 
without a standardized regimen thus far. While 
the advent of standardized treatment response 
criteria by the International Myositis Assessment 
and Clinical Studies (IMACS) group has helped 
investigators to evaluate and compare clinical 
trial outcomes in a more rigorous fashion [Hak 
et al. 2011], there has been a lack of large clinical 
trials demonstrating efficacy of medications. In 
addition, the rarity of these conditions with het-
erogeneity of both the diseases and response to 
treatment contribute to the complexity.

Treatment has largely been off-label based  
on clinical expertise and experiential reports. 
Traditional first-line medications remain to be 
corticosteroids, with second-line agents employed 
as steroid-sparing or due to a lack of durable effect. 
These second-line immunosuppressants include 
azathioprine, methotrexate, mycophenolate mofetil, 
leflunomide, cyclophosphamide, tacrolimus, 
cyclosporine, tumor necrosis factor (TNF) inhib-
itors, and intravenous immunoglobulin (IVIG). 
We consider refractory disease to be one that 
fails to respond to steroids and at least two other 
immunosuppressants. As our understanding of 
these diseases evolves, newer agents that show 
promise for refractory cases are being employed.

It is the goal of this review to discuss novel agents 
described and new applications of more estab-
lished treatment over the last 3 years. A Medline 
search was employed of all relevant articles pub-
lished from 2009 to 2011 which included case 
reports, clinical trials, experimental data, expert 
opinion, and reviews. Search terms included ‘novel 
treatment’, ‘therapy’, ‘idiopathic inflammatory 
myopathies’, ‘myositis’, ‘dermatomyositis’, ‘poly-
myositis’, ‘inclusion body myositis’, ‘rituximab’, 
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‘IVIG’, ‘TNF’, ‘myostatin’, ‘follistatin’, and ’gene 
therapy’. Only those in English were included. 
Retrieved articles were critically analyzed and 
references were cross-checked to provide a com-
prehensive and up-to-date review of the topic. 
Studies that predate this specified time interval are 
beyond the scope of this review.

Intravenous immunoglobulin
IVIG exerts diverse effects on the immune system 
at multiple levels which have allowed for its use in 
immune-mediated disease including the inflam-
matory myopathies [Quick and Tandan, 2011; 
Hartung et al. 2009]. It has been used off-label for 
a number of years as salvage therapy in refractory 
PM/DM [Donofrio et al. 2009; Katz et al. 2011]. 
More recently, a newer case series describes a 
particular benefit in myositis complicated by ster-
oid-resistant esophageal involvement [Marie et al. 
2010]. The favorable outcomes seen suggest that 
steroids in combination with high-dose IVIG be 
considered first-line treatment of life-threatening 
esophageal involvement. In severe interstitial 
lung disease (ILD)-associated PM, a case report 
[Bakewell and Raghu, 2011] showed an improve-
ment following three doses of monthly IVIG in a 
patient with early disease. There was a complete 
resolution of fibrotic changes on high-resolution 
computed tomography with sustained remission 
after 2 years of follow up with no other immuno-
suppressants used. The authors suggest that IVIG 
be considered as first-line treatment especially 
when there is significant pulmonary involvement. 
This was further supported by a response to 
this report [Diot et al. 2011] in which a similar 
ILD-PM case was described, this time unrespon-
sive not only to initial steroids but also to cyclo-
phosphamide. Following infusions of IVIG, this 
patient also had a dramatic improvement in lung 
function. Still yet another area where the use of 
IVIG may be explored is in pregnancy-associated 
DM. In concurrence with two previous case 
reports of successful use of IVIG in pregnant 
patients with DM, Linardaki and colleagues 
described a patient treated with combined ster-
oids and IVIG during pregnancy with symptom 
resolution and no adverse effects [Linardaki et al. 
2009]. The last dose of monthly IVIG was given 
15 days after delivery. Both mother and infant 
remain disease free after 6 years of follow up, with 
the mother on no further medications for DM.

An interesting report [Recher et al. 2010] high-
lights the unexpected beneficial effect of low-dose 

IVIG in a patient with IBM. Taken together with a 
similar earlier case report, this may be a strategy 
that can be explored in IBM, given the prohibitive 
costs associated with high-dose treatment that 
often fails to produce results in this subgroup of 
patients. Nevertheless, in our personal experience, 
IVIG has failed to be of benefit in our IBM 
patients. In juvenile dermatomyositis (JDM), a 
retrospective study identified 8 patients who were 
able to avoid steroid treatment with the use of 
IVIG +/- additional immunosuppressants includ-
ing methotrexate [Levy et al. 2010]. This would 
have important implications especially in the pedi-
atric population for whom prolonged exposure to 
steroids has known significant consequences.

Intravenous infusion has been the most common 
route of administration of immunoglobulins (Ig) 
in autoimmune diseases. Recently, a study [Danieli 
et al. 2011] reported the use of subcutaneous 
IVIG in 7 patients with active and refractory 
PM or DM. Subcutaneous Ig (SCIg) was admin-
istered at home by programmable pump after a 
period of training. The IVIG monthly dose of 2 g/
kg was fractioned into equal doses given subcuta-
neously at weekly intervals. All patients showed a 
favorable treatment response which the authors 
feel lends support to the subcutaneous route of 
administration of Ig. Advantages of SCIg include 
no need for venous access, more stable day-by-day 
serum IgG levels, better resistance against infec-
tions, home-based self-administration requiring 
minimal skills, rapid infusions at a speed of 20–30 
ml/h, and decreased risk for fluid overload or 
hyperosmolarity [Rezaei et al. 2011]. This may be 
a practical and economic alternative that is worth 
further exploration.

Rituximab
Rituximab is a chimeric, murine/human mono-
clonal antibody directed against the CD20 anti-
gen found on the surface of B lymphocytes which 
has found application in a variety of autoimmune 
conditions including rheumatoid arthritis (RA) 
and systemic lupus erythematosus. The premise 
for use in IIMs has included the presence of dis-
ease-specific antibodies, immune complex depo-
sition and presence of B cells in inflammatory 
infiltrates of involved muscles [Majmudar et al. 
2009].

There have been several case reports describing 
the successful use of rituximab in DM and PM 
mainly in cases refractory to conventional therapy 
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including IVIG [Majmudar et al. 2009; Mahler  
et al. 2011]. It seems there is a favorable trend in 
patients with myositis-specific antibodies includ-
ing anti-Jo1, which appears in keeping with the 
mechanism of action of the drug [Frikha et al. 
2009]. There is particular note of successful use 
with skin-predominant DM [Joshi et al. 2011], 
and in ILD in the antisynthetase syndrome [Sem 
et al. 2009]. In one case report [Vandenbroucke  
et al. 2009], ILD which was the remaining unre-
sponsive aspect of the disease responded favora-
bly to rituximab initiation. In IIM associated 
with signal recognition particle (SRP), a case 
report [Whelan and Isenberg, 2009] showed no 
benefit, but a larger case series [Valiyil et al. 2010] 
showed good response with improvement in 
manual muscle strength and/or decline in cre-
atine kinase (CK) levels in six out of eight patients 
treated with rituximab. In immunosuppressive 
naïve dermatomyositis, one case showed sustained 
remission after only one course of rituximab 
(1000 mg on days 0 and 14) [Haroon and Devlin, 
2010].

In the Auto-Immunity and Rituximab (AIR) reg-
istry in France, patients with refractory IIM 
(unresponsive to at least one immunosuppres-
sant) were analyzed for patient characteristics, 
rituximab indication, regimen and tolerance 
[Couderc et al. 2011]. Thirty patients with PM, 
DM, and the antisynthetase syndrome were 
included. Rituximab was found to be effective in 
over 50% of patients on the basis of CPK levels, 
steroid dose, and physician opinion. Although 
there was an absence of standardized treatment 
and control group, with a small population size 
and short follow up, there was a trend to benefit. 
This lends further support to previous case 
reports of successful use of rituximab in IIMs.

The largest randomized controlled trial to date 
with regards to the use of rituximab in myositis 
(RIM trial) was presented as an abstract at the 
American College of Rheumatology meeting 
[Oddis et al. 2010]. As of the writing of this 
review, the trial has not yet been published in full 
manuscript form. This large NIH-funded trial 
included 200 DM/PM adult and pediatric 
patients who were refractory to both steroids 
and an additional immunosuppressant. Both 
groups were given two doses of rituximab (1 g 1 
week apart). One group received the drug first 
and placebo 8 weeks later while the second group 
received placebo first followed 8 weeks later by 
rituximab. It was the ‘time to beginning active 

rituximab’ which was randomized with a primary 
endpoint of time to achieve improvement between 
the two groups. Owing to the inclusion of pediatric 
patients, a short 8-week run-in phase for the pla-
cebo group was required. This may have been too 
short to allow a distinction between the treatment 
and placebo curves to be seen. Although both the 
primary and secondary endpoints were not met as 
there was no significant difference between both 
groups, 83% of patients met the IMACS defini-
tion of improvement in the trial. It is our conclu-
sion that this may be taken as additional support 
for the use of rituximab in myositis and suggests 
the possibility of a flaw in study design rather than 
actual treatment failure.

Rituximab represents the most widely used of the 
B-cell-directed therapies. The chimeric nature of 
the antibody may account for some of the infusion 
reactions associated with the drug. Humanized 
anti-CD20 molecules including ocrelizumab, 
ofatumumab, and veltuzumab are in development 
and may prove to have better side effect profiles 
[Levesque, 2009]. A variety of B-cell-directed 
agents are also in development including those 
targeting CD22, CD19, CD40-CD40L, B-cell 
activating factor (BAFF), and A proliferation-
inducing ligand (APRIL). Although there is much 
excitement in testing these agents and finding 
application in a variety of diseases, many questions 
remain as to their optimal use in clinical practice 
as well as the role of B cells in disease pathogenesis. 
Whether they will supplant the use of Rituximab 
remains to be seen.

Biologics

TNF inhibitors
TNFα offers a potential therapeutic target as it 
has been proposed to play a role in the pathogen-
esis of inflammatory myopathies although some-
what ill-defined. Small uncontrolled series using 
various TNF inhibitors have shown mixed results 
[Stubgen, 2011]. As such, they have not been 
considered to represent consistently valuable 
options for either drug-naïve or refractory IIMs. 
A recent well-designed randomized placebo-con-
trolled trial of etanercept in dermatomyositis was 
conducted [Muscle Study Group, 2011]. Eleven 
subjects, including one from our institution, 
were randomized to receive etanercept 50 mg SC 
weekly for 52 weeks and 5 to placebo with a 
standardized (‘forced’) tapering of steroids as 
tolerated during the first 24 weeks of the study. 



Therapeutic Advances in Musculoskeletal Disease 4 (5)

372	 http://tab.sagepub.com

Principal outcomes were adverse events, time 
from randomization to treatment failure (inability 
to wean off prednisone), and average prednisone 
dose after 24 weeks. All patients on placebo were 
treatment failures while 5 out of 11 in the etaner-
cept group were successfully weaned off pred-
nisone. A steroid sparing effect was noted. The 
median average prednisone dose after 24 weeks 
in the etanercept group was 1.2 mg/day versus 
29.2 mg/day in the placebo group. The strength 
of this study was its trial design. The demonstra-
tion of successful steroid taper has clinically sig-
nificant meaning. The limitation of this study was 
that its initial rigorous inclusion criteria of 
treatment-naïve patients or only those who had 
taken prednisone less than 2 months precluded 
adequate recruitment and necessitated later 
relaxation of the inclusion criteria to include 
those with more refractory disease. In total, only 
16 of 40 planned patients were able to be enrolled. 
Nevertheless, these encouraging findings suggest 
that further investigation of etanercept, and other 
TNF- inhibitors, in myositis is needed.

Abatacept
Abatacept is a selective co-stimulation inhibitor 
that inhibits binding of CD28 expressed on effec-
tor T cells reducing T-cell activation. A patient 
with polymyositis refractory to conventional 
treatment who was later on tried on abatacept 
had a good clinical response [Musuruana and 
Cavallasca, 2011].

Alemtuzumab
Alemtuzumab is a humanized monoclonal anti-
body targeting CD52 on lymphocytes. A proof 
of principle study was conducted to examine 
whether alemtuzumab in IBM depletes periph-
eral blood lymphocytes, endomysial T cells and 
alters natural course of disease in a group of 13 
patients [Dalakas et al. 2009]. Results of this 
small and uncontrolled study were promising 
in that one series of infusions was able to slow 
down progression of disease (as compared with 
natural history) up to 6 months, produced 
improvement in strength in some patients and 
reduced inflammation.

Tocilizumab
Interleukin 6 (IL-6) appears critically involved in 
the development of polymyositis and its blockade 
warrants further investigation for the treatment of 

refractory cases [Okiyama et al. 2009]. Two 
patients with PM refractory to multiple immuno-
suppressants were started on a trial of tocilizumab, 
a humanized anti-IL-6 receptor antibody [Narazaki 
et al. 2011]. There was a normalization of CK 
levels during treatment. No information regard-
ing follow up and muscle strength was provided, 
however.

Anakinra
An increased expression of IL-1 in muscle tissue 
has been seen in patients with inflammatory myo-
pathies, and treatment with an IL-1 receptor 
antagonist may be an emerging strategy. A small 
open-label pilot study with anakinra, 100 mg 
subcutaneously per day, was undertaken in 15 
patients (PM, DM, and IBM) with treatment-
resistant disease [Dorph et al. 2009]. Improvement 
as defined by the IMACS criteria was seen in 
seven patients (three with PM, three with DM, 
and one with IBM). A follow-up study was done 
probing the biological explanation for improve-
ment in responders focusing on effector T-cell 
function [Zong et al. 2011]. The authors’ findings 
indicate that anakinra might favor T-cell differen-
tiation into Th1 rather than Th17 as indicated by 
more interferon gamma (IFNγ) and less IL-17A 
secretion.

MEDI-545
Type 1 IFN has gained focus in the treatment of 
IIMs with the finding that there is marked over-
production of type 1 IFN-inducible transcripts 
and proteins in DM muscle with a similar phe-
nomenon seen in blood [Greenberg, 2010a, 
2010b; Lundberg and Helmers, 2010]. It is 
unknown what drives the sustained presence of 
type 1 IFN inducible molecules in myositis, but 
evidence that these molecules injure myofibers 
seems especially strong. Therapeutic develop-
ment of IFNα blockade has been explored in a 
phase 1b trial of MEDI-545 (anti-IFNα anti-
body) in DM and PM [ClinicalTrials.gov iden-
tifier: NCT00004451]. The data has not yet 
been released.

Future potential biologic agents
Understanding the pivotal mediators of inflam-
matory muscle disease at a molecular level will 
lead to even more targets for therapy. A study 
[Szodoray et al. 2010] sought to describe a broad 
spectrum of T- and B-cell cytokines, growth 
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factors, and chemokines in patients with IIMs 
realizing that there are characteristic differences 
in the different subtypes which could reflect their 
distinct pathophysiological pathways. A complex 
set of immune and inflammatory modulating 
cytokines were found to be significantly upreg-
ulated as compared with healthy controls, also 
distinguishing between IIM subsets. This can 
lead to future use as biomarkers of disease, as 
well as open avenues for potential novel thera-
peutic targets. CXCL10, a Th1 chemokine, 
has also been found to be a viable pharmacologic 
target [Crescioli et al. 2011].

Stem-cell transplantation

Autologous stem-cell transplantation
In severe refractory cases of myositis, autolo-
gous stem-cell transplantation (ASCT) may be 
a consideration. In one case reported [Henes  
et al. 2009], a patient with anti-SRP myositis 
treated unsuccessfully with multiple immuno-
suppressants including IVIG, high-dose cyclo-
phosphamide, alemtuzumab and Infliximab, was 
successfully treated with myeloablative condition-
ing with cyclophosphamide. Following cyclo-
phosphamide and total body irradiation with 
reinfusion of CD34+ autologous stem cells and 
granulocyte colony stimulating factor, a nor-
malization of CK levels, increase in muscle 
strength, and absence of myositis on MRI was 
seen. This response was durable after 3 years of 
follow up. A case report of two patients with 
severe progressive JDM similarly showed dra-
matic improvements and sustained remission 
with ASCT [Holzer et al. 2010]. ASCT was 
performed using a CD3/CD19 depleted graft after 
immunoablative conditioning with fludarabine, 
cyclophosphamide, and antithymocyte globulin, 
which the authors concluded was a low toxicity 
therapeutic option for severe, refractory disease.

Mesenchymal stem-cell transplantation
Mesenchymal stem cells can suppress the activity 
of various immune cells and have very limited 
immunogenicity. An open-label pilot study using 
allogeneic mesenchymal stem-cell transplantation 
(MSCT) was performed in 10 patients with 
drug-resistant DM/PM [Wang et al. 2011]. For 
most patients, serum CK decreased together 
with clinically meaningful improvements and 
tapering of drug intake. However, on follow up 
for about 1 year, none of the patients completely 

stopped their immunosuppressive therapy. This 
suggests that MSCT does not provide a cure, but 
may prove to be a useful adjunct in patients with 
poorly controlled disease. It should also be noted 
that two patients died following MSCT directly 
due to disease recurrence after infection.

Gene therapy
In cases with dismal response to current treat-
ment such as with IBM, a promising avenue for 
treatment has emerged with the use of molecular 
therapy. Although correction of the underlying 
defect would be ideal as has been attempted in 
limb-girdle muscular dystrophy [Mendell et al. 
2009, 2010], an approach to increase muscle size 
and strength may be opportune in the idiopathic 
inflammatory myopathies whose genetic basis is 
not well known.

Follistatin
Myostatin is a transforming growth factor β fam-
ily member expressed in adult and developing 
skeletal muscle and is a negative regulator of 
muscle growth [Haidet et al. 2010]. Strategies to 
increase muscle size and strength through inhibi-
tion of the myostatin pathway have been encour-
aging [Rodino-Klapac et al. 2009]. The furthest 
along in development is the utilization of follista-
tin, which has emerged as a potent antagonist of 
myostatin with the ability to hinder access to sign-
aling receptors on skeletal muscle. It was initially 
isolated in porcine ovarian follicular fluid and 
attenuates the release of follicle-stimulating hor-
mone. Follistatin has multiple functions aside 
from its role in reproductive physiology that raises 
concern in its targeted approach for use in muscle 
diseases. A gene therapy approach to myostatin 
inhibition through follistatin has been explored as 
it offers the potential for a single administration of 
vector carrying the follistatin gene with persistent 
expression for many years, perhaps even for the 
lifetime of the individual. Preliminary studies 
using alternatively spliced cDNA of follistatin 
delivered by adeno-associated virus demonstrated 
increased muscle size and strength with reduced 
fibrosis in dystrophic mice [Haidet et al. 2008]. 
Preclinical studies performed on healthy monkeys 
showed similar results and was shown to be safe 
and effective [Kota et al. 2009]. Given this, using 
gene therapy with follistatin for inhibition of 
myostatin is well-positioned for use in the inflam-
matory myopathies. A follistatin gene therapy trial 
is currently underway in nine patients with IBM 



Therapeutic Advances in Musculoskeletal Disease 4 (5)

374	 http://tab.sagepub.com

conducted at Nationwide Children’s Hospital 
in Ohio (The Myositis Association, personal 
communication, 2011).

Nuclear receptor corepressor 1
Transcription coregulators control the activity of 
many transcription factors and have wide ranging 
effects on gene expression. A study demonstrated 
that the deletion of the muscle-specific nuclear 
receptor corepressor 1 (NCoR1) gene in mice led 
to enhanced exercise endurance due to increased 
muscle mass as well as mitochondrial number and 
activity [Yamamoto et al. 2011]. Although this 
data is preliminary, interference with corepressors 
such as NCoR1 may find use as strategies to 
improve muscle mass and function.

RNA interference
RNA interference (RNAi) is a natural process 
that cells use to turn down the activity of specific 
genes. In conjunction with this, MiRNAs, or 
microRNAs, are endogenous triggers of RNAi 
which have been shown to have essential roles in 
developmental processes including in skeletal 
muscle [Sibley and Wood, 2011; Mishra and 
Bertino, 2009]. A key feature of the RNAi and 
miRNA mechanism is sequence specificity. A 
differential expression of MiRNAs has been 
described in several pathological processes includ-
ing PM, DM, and IBM [Sibley and Wood, 2011]. 
Although the exact significance of this is unclear, 
therapies manipulating miRNA activity may be a 
particularly powerful strategy for targeting dys-
regulated disease pathways in the future.

Other agents

Retinoids
One study [Ohyanagi et al. 2009] examined the 
effect of retinoids on experimental autoimmune 
myositis. Retinoids have important roles in cell 
proliferation, differentiation, and morphogenesis 
with modulating function on inflammatory and 
immunocompetent cells including T cells and 
macrophages. Following induction of autoim-
mune myositis in mice, administration of AM80 
(a synthetic retinoid launched in the Japanese 
market for promyelocytic leukemia) showed atten-
uated inflammatory changes both prophylactically 
and therapeutically. There was also an attenuated 
production of serum antimyosin antibodies found. 
This finding was thought to be due to regulation 

of Th differentiation, reduction of antimyosin 
antibody production, and decreased chemokine 
expression.

Calpeptin
It has been hypothesized that calpain (a Ca2+-
sensitive protease) activation bridges between 
extracellular inflammatory stress and intracellu-
lar secondary inflammatory changes seen in mus-
cle cells in IIMs. With the addition of calpeptin, a 
calpain inhibitor, to rat myoblast cells following 
extracellular inflammatory stimulation, there was 
attenuated apoptosis and expression of MHC-1 
and inflammation related transcription factors 
demonstrated [Nozaki et al. 2011]. The authors 
propose that calpain may be a potential thera-
peutic target for the treatment of inflammatory 
myopathies.

Mizoribine
Mizoribine is a purine antimetabolite that inhibits 
T-cell activation and proliferation as well as B-cell 
proliferation. It is approved in Japan for the inhi-
bition of rejection after renal transplant, lupus 
nephritis, and RA. Successful use of Mizoribine as 
a steroid-sparing agent in a patient with PM that 
had developed CVA, DM and MI after steroid use 
was reported [Suwa et al. 2009].

Statins
Statins have pleiotropic effects including the inhi-
bition of inflammation and immunomodulatory 
and antioxidant effects. A pilot study explored 
the use of simvastatin 40 mg in IBM [Sancricca  
et al. 2011]. In an open-label trial in 14 patients 
over 12 months, none of the patients showed sig-
nificant clinical improvement. Given the already 
known toxic effects in muscle, simvastatin cannot 
be recommended for the treatment of sporadic 
inclusion body myositis at this time.

Exercise training
More recently, physical exercise in combination 
with immunosuppressive treatment has been 
found to have beneficial effects on clinical out-
comes in patients with myositis [Nader and 
Lundberg, 2009]. Data is also suggestive that 
exercise exerts anti-inflammatory effects both 
systemically as well as locally in muscle. A new 
nonpharmacological approach has been proposed 
for IBM patients involving vascular occlusion in 
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association with resistance training [Gualano  
et al. 2010a, 2010b]. Investigators demonstrated 
that by restricting muscle blood flow using 
tourniquet cuffs in conjunction with moderate 
intensity resistance training, a gain in muscle 
mass and function was seen after a 12-week 
training program. A video component of the 
article can be found at http://www.jove.com/
details.php?id=1894.

Conclusion
In summary, the treatment of inflammatory myo-
pathies to date has been complicated by the rarity 
of the disease and the paucity of large randomized 
clinical trials. With the introduction and use of the 
IMACS standardized response criteria (definition 
of improvement) in clinical trials, conduction of 
trials and comparison between them will be easier. 
Although challenges remain as to the treatment 
of refractory cases, continued elucidation of the 
pathogenesis, understanding of the different 
phenotypes, antibody status, cytokine milieu, and 
even regulatory genes has opened up a host of 
avenues for therapeutic targets. We anticipate that 
these efforts will eventually translate into better 
clinical outcomes for myositis patients.
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