
REVIEW

A Narrative Review of Acthar Gel for the Treatment
of Myositis

Tanya Chandra . Rohit Aggarwal

Received: December 16, 2022 /Accepted: February 28, 2023 / Published online: March 26, 2023
� The Author(s) 2023

ABSTRACT

Idiopathic inflammatory myopathies (IIMs) are
autoimmune disorders characterized by sym-
metric proximal muscle weakness and chronic
inflammation, with an increased risk of mor-
bidity and mortality. The current standard of
care includes traditional immunosuppressive
pharmacotherapies; however, some patients
cannot tolerate or do not adequately respond to
these therapies, highlighting the need for
alternative treatments for refractory disease.
Acthar� Gel (repository corticotropin injection)
is a naturally sourced mixture of adrenocorti-
cotropic hormone analogs and other pituitary
peptides that has been approved by the US Food
and Drug Administration since 1952 for use in
patients with two subgroups of IIMs, dermato-

myositis (DM) and polymyositis (PM). However,
it has not been routinely used in the treatment
of IIMs. While Acthar may induce steroidogen-
esis, it also has a steroid-independent mecha-
nism of action by exerting immunomodulatory
effects through the activation of melanocortin
receptors on immune cells, such as macro-
phages, B cells, and T cells. Recent clinical trials,
retrospective analyses, and case reports add to
the growing evidence suggesting that Acthar
may be effective in patients with DM and PM.
Here we review the current evidence supporting
the safety and efficacy of Acthar for the treat-
ment of refractory DM and PM.
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Key Summary Points

This review describes the current clinical
evidence supporting the safety and
efficacy of Acthar� Gel (repository
corticotropin injection) for the treatment
of two subgroups of idiopathic
inflammatory myopathies,
dermatomyositis (DM) and polymyositis
(PM).

Acthar is a naturally sourced mixture of
adrenocorticotropic hormone analogs and
other pituitary peptides with a unique
immunomodulatory mechanism of action
through activating melanocortin
receptors on immune cells.

Recent clinical trials, retrospective
analyses, and case reports suggest that
Acthar may be effective in patients with
DM and PM and is generally safe and well
tolerated.

Acthar may provide an alternative
treatment for patients who cannot
tolerate the side effects or are
unresponsive to standard therapies for
DM and PM.

INTRODUCTION

Idiopathic inflammatory myopathies (IIMs) are
a group of relatively rare systemic autoimmune
disorders with an estimated global prevalence of
2.9 to 34 per 100,000 individuals [1]. IIMs have
traditionally been classified into five major
subgroups based on their clinicopathologic
characteristics: dermatomyositis (DM),
polymyositis (PM), immune-mediated necrotiz-
ing myopathy (IMNM), anti-synthetase syn-
drome (ASyS), and inclusion-body myositis [2].
Most of the IIMs are characterized by symmetric
proximal muscle weakness and chronic inflam-
mation [1, 2]. DM is typically accompanied by
characteristic skin manifestations, such as

heliotrope rash and Gottron’s sign or papules
[3]. Extramuscular manifestations include dys-
phagia, arthritis [4], interstitial lung disease
(ILD) [5], cardiovascular effects (e.g., myocardi-
tis) [6], and Raynaud’s syndrome [7]. In addi-
tion, myositis-specific autoantibodies are
present in approximately 50–70% of patients
with DM and PM [8, 9].

Classification criteria have been accepted by
the American College of Rheumatology (ACR)/
European League Against Rheumatism (EULAR)
that allow clinicians to distinguish IIM from
conditions with similar phenotypes and to
subclassify patients into the major IIM sub-
groups [10]. However, there remains a lack of
standardized therapeutic guidelines [11, 12],
and some patients cannot tolerate or do not
adequately respond to standard-of-care thera-
pies. Further, some specific manifestations
refractory to standard immunosuppressive
therapies are a significant challenge for clini-
cians, including calcinosis universalis, aphagia,
rapidly progressive interstitial lung disease, and
chronic intestinal pseudo-obstruction [12]. This
complicates the disease landscape and high-
lights the need for alternative therapies for
these patients with refractory disease.

Here we present the clinical evidence for the
safety and efficacy of Acthar� Gel (repository
corticotropin injection) and how it may be
considered as an alternative treatment of DM
and PM. This article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors.

Epidemiology, Diagnosis,
and Pathophysiology of DM and PM

DM and PM are associated with increased risk of
morbidity and mortality [13]. The most com-
mon causes of death are cancer, infection, pro-
found effects of muscle weakness, and
cardiovascular disease [14]. Both DM and PM
have been shown to be more prevalent in
female and Black/African-American patients
[15–18].

The diagnoses of DM and PM are based on
clinical signs and symptoms, muscle biopsies to
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identify inflammatory features, electromyogra-
phy for evaluating myopathic vs. neuropathic
causes of weakness, magnetic resonance imag-
ing to identify active inflammation in muscle or
fascia, and serum levels of muscle-derived
enzymes (e.g., creatine kinase) [2]. Myositis-
specific autoantibodies are generally mutually
exclusive and can be associated with specific
disease manifestations that help guide classifi-
cation, prognosis, and disease management
[8, 9].

DM is characterized by perimysial and
perivascular inflammation and muscle fiber
atrophy (Fig. 1) [2]. It begins when putative
antibodies directed against endothelial cells of
the endomysial capillaries activate the classical
complement cascade. This results in the for-
mation and deposition of the membrane attack
complex (MAC) on capillaries surrounding the
muscle fibers and leads to endothelial cell death
and ischemic muscle fiber damage [19–21].
Complement activation also leads to the release
of proinflammatory cytokines and chemokines
that upregulate the expression of adhesion
molecules on the endothelial cell membrane,
facilitating the transmigration of activated
CD4? T cells, B cells, and macrophages to the
endomysial tissue [19–21]. Perivascular, per-
imysial, and perifascicular inflammation, along
with perifascicular atrophy and reduced capil-
laries, are characteristic of the muscle biopsy in
DM [2]. This, along with the skin manifesta-
tions of heliotrope rash, Gottron’s papules, or
Gottron’s sign, provides the basis for DM diag-
nosis [22, 23].

PM is characterized by endomysial inflam-
mation [2] and muscle fiber degeneration [1];
however, the mechanism by which this occurs
is not well established. Muscle biopsies from
individuals with PM show an overexpression of
major histocompatibility complex (MHC) class
1 antigens on muscle fibers, infiltration of CD8?

T cells, and muscle fiber necrosis (Fig. 2) [2, 19].
Muscle fiber death occurs when an antigen-
specific CD8? T cell binds to its corresponding
MHC-1 expressing antigen on a muscle fiber,
activating the CD8? T cell to release perforin
and granzyme granules that ultimately result in
cell death [2]. Pro-inflammatory cytokines (e.g.,
interferon-c, tumor necrosis factor-a) released

by the activated T cells may also enhance MHC-
1 upregulation and the cytotoxic effect of T cells
[2]. B cells and terminally differentiated plasma
cells are also found in the muscle tissue of
patients with PM; however, their role in muscle
inflammation has not been fully elucidated
[24].

The discovery of myositis-specific antibodies
has allowed the identification of new subgroups
of IIMs with distinct clinical and muscle
histopathologic features, including IMNM and
ASyS [1]. Muscle biopsies from patients with
autoantibodies against aminoacyl transfer RNA
synthetases, a hallmark of patients with ASyS,
exhibit perifascicular necrosis [25] and endo-
mysial infiltration by clonally expanded T cells
[26]. In addition, patients with ASyS have a
higher incidence of pulmonary involvement
and may have glucocorticoid-resistant myositis
or ILD [27]. Patients with IMNM most often
have autoantibodies to 3-hydroxy-3-methyl-
glutaryl-coenzyme A reductase (HMGCR) or the
signal recognition particle (SRP), which are
highly correlated with muscle weakness and
elevated creatine kinase levels [1]. Although
muscle biopsies show increased macrophages
and deposits of MAC on the sarcolemma,
IMNM-specific autoantibodies do not appear to
be complement-fixing [28], and the patho-
physiological mechanism of muscle damage
remains uncertain [1].

Current Standard of Care

Current clinical practice guidelines indicate the
use of physical therapy and sun protection (in
patients with DM) in addition to traditional
immunosuppressive pharmacotherapies [12]. It
is generally agreed that glucocorticoids should
be the first-line therapy for DM and PM
[11, 12, 29, 30], with the addition of
methotrexate or azathioprine for moderate-to-
severe disease or to control disease flares when
tapering glucocorticoids (Fig. 3) [1, 11, 29, 30].
Unfortunately, glucocorticoids are not an opti-
mal long-term treatment option due to a high
rate of adverse events (AEs) and other compli-
cations [11, 29] (e.g., diabetes, hypertension,
dyslipidemia, osteoporosis, weight gain, gastric
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intolerance, mood changes, infections, catar-
acts, and glaucoma) [31]. Despite these side
effects, drugs such as methotrexate, azathio-
prine, mycophenolate mofetil (MMF), and
intravenous immunoglobulin (IVIg) are

recommended for their steroid-sparing abilities.
Typically, 30–40% of patients have disease that
is refractory to glucocorticoids, with fewer than
50% of patients achieving a complete response
and many experiencing significant side effects.

Fig. 1 Pathophysiology of dermatomyositis. Muscle fiber
atrophy begins when putative antibodies directed against
endothelial cells of the endomysial capillaries activate the
classical complement cascade. The membrane attack
complex (MAC) is deposited on capillaries surrounding
the muscle fibers and leads to endothelial cell death and
ischemic muscle fiber damage. Complement activation also
leads to the release of proinflammatory cytokines and
chemokines that upregulate the expression of adhesion
molecules (VCAM-1, ICAM-1) on the endothelial cell

membrane, facilitating the transmigration of activated
CD4? T cells, B cells, and macrophages to the endomysial
tissue. Figure created with BioRender.com. C1 indicates
complement component 1; C3, complement component
3; C3b, complement component 3b; ICAM-1, intercellu-
lar adhesion molecule 1; LFA-1, lymphocyte function-
associated antigen 1; MAC, membrane attack complex;
Mac-1, macrophage-1 antigen; pDC, plasmacytoid den-
dritic cell; VCAM-1, vascular cell adhesion protein 1;
VLA-4, very late antigen-4
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Further, glucocorticoid tapering is often associ-
ated with disease flare, and most patients will
require an additional immunosuppressive agent
[13, 14].

MMF is typically used as a second-line ther-
apy, except in patients with moderate-to-severe
myositis associated with ILD and refractory DM
rashes for whom it can be used as a first-line
therapy [1, 11]. The calcineurin inhibitors
cyclosporine and tacrolimus are also considered
second-line therapies; however, they are typi-
cally reserved for refractory myositis with either
muscle weakness or associated ILD due to toxi-
city concerns [1, 11, 30]. Third-line therapies
include cyclophosphamide and biologic agents
such as rituximab [1, 32–34]. Owing to the toxic
effects and increased risk of malignancy at high
cumulative doses of cyclophosphamide, its use
is limited to severe refractory muscle weakness,
rapidly progressive ILD, or systemic vasculitis
[1, 30].

IVIg therapy is approved by the US Food and
Drug Administration (FDA) for DM in adults
and is considered safe and effective in combi-
nation with or after failure of glucocorticoids or
other immunosuppressive drugs. However, IVIg
treatment is associated with increased health
care resource utilization due to administration
in an outpatient setting [35]. In addition, it has
a long administration time and potential side
effects and is contraindicated in patients with a
high risk of thromboembolism, so it is not
routinely used as a first-line therapy unless there
are features such as dysphagia [36], anti-
HMGCR-related IMNM [37], active infection,
severe disease, pregnancy, cancer, or ILD
[1, 11, 12, 29, 30, 38].

Most current treatments are associated with
toxicities that require careful monitoring [29].
In addition, many patients are unable to toler-
ate the side effects or are unresponsive to stan-
dard therapies [39], which poses a significant
therapeutic challenge to clinicians.

Acthar Gel

Acthar has been FDA-approved for use in
patients with DM and PM since 1952 [40];
however, it is not routinely used in the treat-
ment of IIMs [1]. Acthar is a naturally sourced
complex mixture of adrenocorticotropic hor-
mone (ACTH) analogs (a major component of
which is ACTH1-39) and other pituitary peptides

Fig. 2 Pathophysiology of polymyositis. Polymyositis is
characterized by an overexpression of major histocompat-
ibility complex (MHC) class 1 antigens on muscle fibers
and the infiltration of CD8? T cells from the periphery
into the endomysium. Muscle fiber death occurs when an
antigen-specific CD8? T cell binds its corresponding
MHC-1 expressing antigen on a muscle fiber, activating
the CD8? T cell to release perforin and granzyme granules
and resulting in necrosis. Pro-inflammatory cytokines (e.g.,
interferon-c, tumor necrosis factor-a) released by the
activated T cells may also enhance MHC-1 upregulation
and the cytotoxic effect of T cells. Figure created with
BioRender.com. CD40 indicates cluster of differentiation
40; CD40L, cluster of differentiation 40 ligand; CD80,
cluster of differentiation 80; CTLA-4, cytotoxic T
lymphocyte associated protein 4; ICAM-1, intercellular
adhesion molecule 1; ICOS, inducible costimulator;
ICOS-L, inducible costimulator-ligand; LFA-1, lympho-
cyte function-associated antigen 1; MHC, major histo-
compatibility complex; TCR, T cell receptor; VCAM-1,
vascular cell adhesion protein 1; VLA-4, very late antigen-4
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with a unique mechanism of action from stan-
dard of care therapies used to treat DM and PM
[40]. It was originally thought that the anti-in-
flammatory effects of Acthar were mediated
through glucocorticoid production (via activa-
tion of melanocortin receptor [MCR] 2 on
adrenocortical cells), but recent studies have
shown that glucocorticoid release from the
adrenal cortex is relatively low with Acthar in
both animals and humans, suggesting that it
has a steroid-independent anti-inflammatory
mechanism of action [41–43].

MCR agonists provide substantial anti-in-
flammatory and immunomodulatory effects.
MCR activation inhibits nuclear factor-kappa B
(NF-jB), which in turn functionally controls the
expression of hundreds of genes including those
that encode cytokines and their receptors,
growth factors, and chemokines [44]. MC1R,
MC3R, and MC5R are expressed in macro-
phages, B cells, and T cells and mediate anti-
inflammatory and immunomodulatory proper-
ties of MCR agonists (Fig. 4) [41, 44–46]. Acthar
has also been shown to have a direct
immunomodulatory effect [41, 47, 48] via acti-
vation of MCRs, some of which are expressed on
immune cells [41]. Acthar has been shown to
inhibit antibody production and B cell prolif-
eration [47] as well as inhibit inflammatory
cytokine production from macrophages and T
cells [48, 49].

Although there have been no active-con-
trolled studies comparing the efficacy of gluco-
corticoids to Acthar in DM or PM, some recent
clinical trials, retrospective analyses, and case

reports add to the growing body of evidence
suggesting that Acthar may be effective in
patients with DM and PM (Table 1). In a retro-
spective case review examining five patients
with either DM or PM disease exacerbation who
were unable to tolerate the side effects of pre-
vious therapies or in whom those therapies
failed, patients received 80 U Acthar either
twice weekly (n = 4) or once weekly (n = 1) for
12 weeks [50]. Improvements were observed in
all patients, including increased muscle
strength, decreased pain, and resolution of skin
rashes in the patients with DM [50]. The success
of Acthar in this small retrospective case review
prompted the creation of the Acthar in Der-
matomyositis and Polymyositis Treatment
(ADAPT) registry in order to determine dosing,
AEs, and efficacy of Acthar in patients with
refractory DM or PM. An interim analysis
(n = 24) showed that 58.3% of patients respon-
ded to Acthar treatment (80 IU twice weekly) as
shown by improvement in inflammatory neu-
ropathy cause and treatment (INCAT) score,
manual muscle testing (MMT) scores, or
Myositis Activity Profile (MAP) scores. Interest-
ingly, the concomitant use of MMF was associ-
ated with 100% response rate (n = 5) [51].

The efficacy of Acthar (80 IU twice weekly)
was also examined in a retrospective case series
of four patients with DM or PM that was
refractory to corticosteroids or other disease-
modifying agents. Most patients experienced
improvements in clinical laboratory measures,
muscle strength, and pain. All patients were
able to either decrease or stop glucocorticoid

Fig. 3 Current standard of care therapies for the
management of idiopathic inflammatory myopathies.
Reproduced from Oddis CV, Aggarwal R. Treatment in
myositis. Nat Rev Rheumatol. 2018;14(5):279–289. doi:

https://doi.org/10.1038/nrrheum.2018.42. IVIg indicates
intravenous immunoglobulin; MMF, mycophenolate
mofetil
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treatment following Acthar therapy [52]. In yet
another retrospective analysis (n = 8) of Acthar
use with doses varying between 40 IU once daily
to 80 IU once a week up to 12 months in
patients with DM and PM, 66.7% of patients
improved based on physicians’ assessment of
efficacy [53].

In a larger retrospective analysis of patients
with rheumatologic diseases, Nelson et al.
examined the medical records of 254 patients
with either DM or PM [54]. They found that
each patient used an average of 2.9 medications
before initiation of Acthar therapy. Twenty-one
percent of these patients received Acthar as a
bridge to new therapy. The mean number of
hospital admissions and hospitalization days
was lower following Acthar administration, and
the number of outpatient visits decreased by
26%. Of the patients who had information
about medication access in their records, 26%
faced obstacles to obtaining Acthar that were
mostly insurance-related [54]. An economic US
claims data analysis of patients with DM or PM
between 2009 and 2014 found that total mean
nonmedication costs were significantly lower in
those receiving Acthar compared with IVIg (US
$2126 vs. US $3964; p\ 0.001), rituximab (US
$2008 vs. US $2607; p = 0.018), or IVIg-ritux-
imab (US $1234 vs. US $4858; p\0.001) [35].

Ten patients with refractory DM or PM in
whom glucocorticoids and/or C 1 immunosup-
pressive agent failed and who had active disease
completed the first open-label clinical trial to
evaluate the efficacy, safety, and tolerability of
Acthar [55]. All patients received 80 U Acthar
twice weekly and were evaluated every 4 weeks
for 24 weeks. Seventy percent of patients met
the primary endpoint of the International
Myositis Assessment and Clinical Studies
(IMACS) definition of improvement as well as
the ACR/EULAR response criteria, thus demon-
strating a clinically significant response to
Acthar (Fig. 5A and B). The addition of Acthar
led to a reduction in prednisone dose (including
in two patients with IMNM), and half of the
patients were able to discontinue prednisone
completely (Fig. 5C) [55]. Eight patients were
included in a 6-month follow-up to the open-
label clinical trial of Acthar. Four patients
remained stable without additional therapy
(including one patient who remained on Acthar
following the trial), and four experienced a flare
an average of 4.1 months after stopping Acthar.
Three of the patients experiencing a flare
required increases in prednisone, and one
restarted Acthar at 5.5 months [56].

The most common and standard dose of
Acthar that is used in myositis is 80 IU subcu-
taneously (SC), twice per week. This was based

Fig. 4 Proposed mechanism of action of Acthar. Repro-
duced from Mirsaeidi M, Baughman RP. Repository
corticotropin injection for the treatment of pulmonary
sarcoidosis: a narrative review. Pulm Ther.

2022;8(1):43–55. doi:https://doi.org/10.1007/s41030-
022-00181-0. under CC BY-NC 4.0 license terms. MCR
indicates melanocortin receptor
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on previous studies on exacerbations of multi-
ple sclerosis and nephrotic syndrome [57, 58].
There are no clear evidence or guidelines to
follow for duration of therapy. The duration of
Acthar therapy in the myositis studies ranged
from 2 to 27 months [50–56]. The time needed
to respond is highly variable and influenced by
a variety of known and unknown factors, which
may include disease type, severity, and con-
comitant therapy. Once a patient commits to
treatment with Acthar, it should be continued
for at least 3 months before considering it an
efficacy failure. The interim analysis from the
ADAPT registry reported that most patients
responded within a mean of 90 days, and the
patients who terminated therapy before this
may have benefitted from continuation of their
treatment [51]. Further studies delineating
dose–response and duration relationships are
required to consolidate the currently available
evidence.

Regarding the steroid-sparing effects of
Acthar, in the first case series of five patients,
the mean (SD) reduction in dose of prednisone
was –51.25 mg (37 mg) for four of the patients,
two of whom were completely weaned off of
steroids [50]. The fifth patient had only received
1 g intravenous methylprednisolone (IVMP) per
week for 8 weeks prior to starting Acthar ther-
apy and was able to be maintained off of IVMP
[50]. In another series, two of the four patients

were able to be weaned off of steroids, with a
mean reduction in steroid dose from before
Acthar therapy to after of –27.5 mg [52]. In the
prospective trial, the mean prednisone dose
significantly decreased from a baseline of
18.5 mg to a last follow-up dose of 2.3 mg
(p\ 0.01), with almost half of the patients
weaned off of prednisone [50].

An open-label, randomized, crossover trial
comparing IVMP with Acthar illustrated the
different pharmacodynamic effects of the two
drugs [59]. The study population, which inclu-
ded only healthy adults with no contraindica-
tions to steroid use, were randomized to receive
either Acthar at 80 IU SC or 1 g of IVMP for a
total of five consecutive days, followed by a
washout period of 30 days, before crossing over
to the other arm of the trial. The two drugs were
considered equivalent at the given doses based
on their use and similar efficacy in the treat-
ment of multiple sclerosis flares [58]. Acthar at
the given dose had a much lower serum cortisol-
equivalent exposure and was deemed to be
equivalent to 3% of 1 g IVMP. The effects on
total peripheral lymphocyte and neutrophil
count also mirror this discrepancy, with Acthar
causing a lower decrease in lymphocyte counts
and a lower increase in neutrophil count com-
pared with IVMP [59]. This supports the
possibility that Acthar acts via non-

Fig. 5 Primary outcome results as definition of improve-
ment (DOI) A and secondary outcome results as 2016
American College of Rheumatology/European League
Against Rheumatism myositis response criteria
B. Changes in prednisone dose at baseline and 6-month
follow-up C. Reproduced from Aggarwal R, Marder G,

Koontz DC, Nandkumar P, Qi Z, Oddis CV. Efficacy and
safety of adrenocorticotropic hormone gel in refractory
dermatomyositis and polymyositis. Ann Rheum Dis.
2018;77(5):720–727. DOI indicates definition of
improvement
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steroidogenic mechanisms to decrease inflam-
matory responses.

In all the studies mentioned, Acthar was
generally safe and well tolerated. None of the
five patients in the retrospective case series by
Levine (2012) experienced any significant side
effects from the treatment, including no chan-
ges in hemoglobin A1c (HbA1c) [50]. Patel et al.
(2016) noted that Acthar did not exacerbate any
of the patients’ comorbidities, and there were
no significant changes in blood pressure,
weight, or glycemic control. However, one
patient experienced mild weight gain, and one
patient experienced blurry vision that resolved
while on treatment [52]. In the retrospective
medical record analysis by Ho-Mahler et al.
(2020), one patient experienced bruising and
red or bloodshot eyes and one patient experi-
enced shortness of breath [53]. Also, 41.7% of
patients from the ADAPT registry experienced
mild-to-moderate AEs, the most common of
which were increased HbA1c levels and edema
[51]. In the open-label clinical trial, AEs were
similar to those seen with glucocorticoids;
however, significant weight gain, diabetes, or
cushingoid features were not observed, and
these are typically associated with long-term
high steroid doses [55]. In the longitudinal fol-
low-up study, the AEs remained mild to mod-
erate and were consistent with previous reports
[56].

CONCLUSIONS

Due to its unique immunomodulatory mecha-
nism of action through the activation of MCRs,
Acthar may provide an alternative treatment for
patients who are unable to tolerate the side
effects or are unresponsive to standard therapies
for DM and PM. The retrospective analyses and
open-label trial of Acthar suggest that it may be
a safe and effective treatment for refractory DM
and PM. Along with the fact that Acthar is
already FDA-approved for use in patients with
DM and PM, the favorable efficacy and safety
profiles suggest that Acthar may be considered
an alternative treatment for DM and PM.
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