
Available online at www.sciencedirect.com

ScienceDirect
Current Opinion in

Pharmacology
Current and new targets for treating myositis
Siamak Moghadam-Kia1,2 and Chester V. Oddis1
Abstract

As treatment of refractory idiopathic inflammatory myopathies
(IIM) has been challenging, there is growing interest in
assessing new therapies that target various pathways impli-
cated in the pathogenesis of IIM. In the largest clinical trial to
date, rituximab was studied in adult and juvenile myositis, but
the primary outcome was not met despite 83 percent of
subjects with refractory myositis meeting the definition of
improvement. The U.S. Food and Drug Administration (FDA)
has recently granted approval to Octagam 10% immune
globulin intravenous (IVIg), for the treatment of adult derma-
tomyositis based on impressive results from a double-blind
placebo-controlled trial. Anti-tumor necrosis factor (anti-TNF)
utility in IIM is not recommended and recent reports suggest
this therapy may induce systemic autoimmune disease
including myositis. Further, anti-IL6 therapy cannot be
recommended as a recent trial of tocilizumab failed to reach
its primary endpoint.
Further studies are needed to assess the role of newer
therapies such as abatacept (inhibition of T cell co-
stimulation), sifalimumab (anti-IFNa), Janus kinase [JAK] in-
hibitors, apremilast (phosphodiesterase 4 inhibitor), and KZR-
616 (selective inhibitor of the immunoproteasome) given their
biological plausibility and encouraging recent small-case
series results. The future of IIM therapy will depend on
exploring biomarkers implicated in the etiopathogenesis of
IIM, improvements in myositis classification based on sero-
logical and histopathological features, and well-designed
controlled clinical trials using validated consensus outcome
measures.
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Introduction
The idiopathic inflammatory myopathies (IIMs) are a
group of heterogeneous, systemic autoimmune rheu-
matic diseases that include adult polymyositis (PM),
adult dermatomyositis (DM), myositis in overlap with
other systemic autoimmune rheumatic diseases or
cancer, juvenile myositis (dermatomyositis more than
polymyositis), inclusion body myositis (IBM), and
necrotizing autoimmune myopathy.

The treatment of IIM is very challenging as the disease
is rare and the variable clinical phenotypes make it

difficult to assess treatment efficacy. Further, there are
a small number of published randomized, double-blind
clinical trials [1e4]. Traditional treatment approaches
include glucocorticoids and conventional immun-
osuppressive or immunomodulatory agents such as
methotrexate, azathioprine, mycophenolate mofetil,
cyclosporine, tacrolimus, and IVIg. There has been
growing interest in assessing novel biologic therapies
that target various pathways implicated in the etiopa-
thogenesis of myositis. Biomarkers involved in the
pathogenesis of IIM have been explored using cyto-

kine/chemokine analyses, microarrays, and RNA-
sequencing analysis, advanced immunohistochemistry,
and flow cytometry. Novel classification schemes for
IIM based on serological and histopathological features
may also enhance the design of clinical trials and sub-
ject enrollment [5,6]. Additionally, in the past several
years, consensus and data-driven core set measures
(CSM) have replaced poorly-standardized muscle
strength and functional assessments for evaluation of
myositis disease activity and damage. In particular, two
international groups, the International Myositis

Assessment and Clinical Studies (IMACS) Group and
the Pediatric Rheumatology International Trials Orga-
nization (PRINTO), have defined and validated
consensus CSM for adult and pediatric populations
[7e9]. These consensus outcome measures along with
active international initiatives to develop both data-
and consensus-driven response criteria will assist in
studying novel therapies in a more systematic and
rigorous fashion [10].

In this chapter, we review potential therapeutic targets

and the immunomodulatory and immunosuppressive
therapies currently used to treat the various subsets of
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inflammatory myopathy as well as myositis-associated
interstitial lung disease (ILD).

Rituximab
Rituximab, a B cell depleting agent, is a monoclonal
antibody against the CD20 antigen on B lymphocytes.
The efficacy of rituximab in refractory myositis has been
suggested in several small case reports and case series
[11e15]. In a small, open-label, uncontrolled, pilot trial
of rituximab therapy (4 weekly IV doses) in 6 treatment-
resistant DM patients, all subjects had major clinical
improvement in muscle strength and rash [16]. In
another small open-label trial of rituximab in 4 patients
with refractory PM, all patients demonstrated return of
full muscle strength and a significant decline in serum

creatine kinase (CK) levels [17]. However, an open-
label trial of rituximab in 8 DM patients showed no
cutaneous improvement and the serum CK did not
significantly change and only three patients demon-
strated modest improvement in muscle strength [18].

In the largest randomized, double-blind, controlled
clinical trial in IIM [the Rituximab in Myositis (RIM)
Trial], 195 patients (75 with PM, 72 with DM, and 48
with JDM; all refractory to glucocorticoid therapy and at
least one immunosuppressive drug) were randomized to
receive two 1-g rituximab infusions (14 days apart)
either at baseline or 8 weeks later [1]. Entry criteria

included fairly significant muscle weakness (not
required in the juvenile DM patients) and � 2 addi-
tional abnormal consensus CSM for adults and � 3
abnormal CSM with or without muscle weakness for the
pediatric subjects. Glucocorticoid and/or immunosup-
pressive therapy was allowed at study entry. The primary
end point was the time to achieve the IMACS definition
of improvement (DOI) which was compared between
the rituximab early and rituximab late groups. Although
the early rituximab group demonstrated no faster
response to therapy than the group receiving rituximab

later (failing to meet the primary outcome), the DOI
was met by 83 percent of this refractory group of IIM
patients with a median time to achieving the DOI of 20
weeks. Rituximab was also associated with a significant
steroid-sparing effect as the mean prednisone dose
decreased from 20.8 mg at baseline to 14.4 mg daily at
the end of the clinical trial. Additionally, patients who
initially met the DOI and who were subsequently re-
treated with rituximab after a disease flare responded
to rituximab retreatment as well. Rituximab therapy was
generally well-tolerated and the most common adverse

effects were infections. Additional studies derived from
the RIM Trial demonstrated that the presence of anti-
synthetase and anti-Mi-2 autoantibodies along with
the juvenile DM subset, and lower disease damage were
strong predictors of clinical improvement and response
to B cell depletion therapy [19]. In a more recent
analysis of the RIM trial data, significant improvements
were noted in cutaneous disease activity after the
Current Opinion in Pharmacology 2022, 65:102257

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library 
2022. Para uso personal exclusivamente. No se permiten otros usos sin auto
addition of rituximab to the standard therapy in adult
DM and JDM subjects [20]. The cutaneous visual
analog scale activity improved in adult DM (3.22e1.72,
p = 0.0002) and JDM (3.26e1.56, p < 0.0001), with
erythroderma, erythematous rashes (without secondary
changes of ulceration or necrosis), heliotrope, Gottron
sign and papules improving most prominently.

The efficacy data of rituximab therapy specific to
myositis-associated interstitial lung disease (MA-ILD)
is limited to uncontrolled studies [13,14]. In a retro-
spective study of 50 patients with severe, progressive
ILD (10 with MA-ILD), rituximab therapy resulted in
a median improvement in forced vital capacity (FVC)
of 6.7% (p< 0.01) and stability of the diffusing capacity
of the lungs for carbon monoxide (DLCO); 0% change;
p < 0.01) in the 6e12-month period after rituximab
use [21]. Among the autoimmune ILD (AILD) pa-
tients included in this study, the best results were

observed in patients with MA-ILD as 5 of the 10 (50%)
patients demonstrated an increase in their FVC >10%
and/or an increase in their DLCO > 15%, as compared
to 4 out of 22 (18.2%) patients with other AILDs
(p = 0.096). In a retrospective study from Norway, 24
patients with anti-synthetase syndrome (anti-SyS) and
severe ILD with more than 12 months follow-up
(median 52 months) post-rituximab, demonstrated
improvements in FVC, forced expiratory volume in 1 s
(FEV1) and DLCO of 24%, 22% and 17%, respectively
[22]. The best outcome (> 30% improvement in all

three PFT parameters) was observed in 7 patients with
disease duration < 12 months and/or an acute onset/
exacerbation of ILD. High-resolution CT (HRCT)
findings also improved with a 34% (median) reduction
in a predetermined ILD “score” and manual muscle
testing (MMT8 score) and the serum CK also signifi-
cantly improved. Interestingly, all subjects demon-
strated a decrease (33%; p < o.008) in their anti-Jo-1
levels after rituximab. One limitation of the study
was combined therapy with another immunosuppres-
sive agent as 10 of the 12 patients also received
cyclophosphamide making it difficult to attribute the

response to rituximab therapy alone. There were 7
deaths among the 34 rituximab-treated patients
(mortality rate comparable to that of the remaining
anti-SyS cohort), 6 with infections (including 3 with p.
jirovecii pneumonia). In a recent multicenter, open-
label, phase II trial, 10 anti-SyS patients with MA-
ILD refractory to traditional treatments (prednisone
and at least 2 immunosuppressive agents), received 1 g
of rituximab at day 0, day 15, and 6 months later [23].
Seven patients demonstrated an increase of at least 4
points on the MMT10 and the total CK level declined

from 399 IU/L (range, 48-11,718) to 74.5 IU/L (range,
40e47,857). Rituximab therapy was associated with a
significant steroid-sparing effect as the mean predni-
sone dose decreased from 52.5 mg/day (range, 10e70)
at baseline to 9 mg/day (range, 7e65) along with a
www.sciencedirect.com
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concomitant decrease in the associated immunosup-
pressive therapy. ILD (FVC and/or DLCO) improved
in 5 and stabilized in 4. In another recent retrospective
study of anti-Jo1 antibody positive patients, 17
received rituximab and 30 patients were treated with
conventional immunosuppressive agents and followed
for a mean of 35 and 84 months, respectively [24].
Sixteen of the 17 receiving rituximab demonstrated a

more rapid and marked response.

Rituximab [(375 mg/m2 at 0 and 14 days) or 100 mg
weekly for 4 weeks (low dose)] was given to 11 patients
with anti-melanoma differentiation-associated gene 5
(anti-MDA5) antibody-positive DM with ILD [73%
with rapidly progressive ILD (RP-ILD)] [25]. The more
conventional dosing regimen led to complete remission
in 2 patients (18%) with mild ILD and improvement in
lung HRCTand/or lung function in 6 (55%). Lower dose
rituximab therapy resulted in improvement in skin rash

in 4 patients (100%) and ILD in 3 (75%). Infection
episodes occurred in four (57%) and one (25%) of the
conventional-dose and low-dose groups, respectively.
Overall, the study suggested efficacy for rituximab in
treating skin rash and ILD or RP-ILD in anti-MDA5-
positive DM with low-dose rituximab being a useful
option with fewer side effects. In another report, a 45-
year-old woman with anti-MDA5-positive DM presen-
ted with myalgia, Gottron papules with ulceration, and
dyspnea [26] with HRCTsuggesting RP-ILD within the
first month after diagnosis. Combination therapy with

rituximab, tofacitinib and pirfenidone resulted in sig-
nificant and sustainable improvement in cutaneous,
pulmonary and radiographic changes.

A 76-year-old woman with muscle weakness, dyspnea,
Raynaud phenomenon, hand arthropathy and anti-signal
recognition particle (anti-SRP) and anti-SSA-positivity
characterized as immune-mediated necrotizing myop-
athy in overlap with systemic sclerosis overlap syndrome
[27] deteriorated on high dose glucocorticoids and
intravenous gamma globulin. Her HRCTrevealed a non-
specific interstitial pneumonia pattern and her FVC was

93% with a DLCO of 65% predicted. After rituximab,
she demonstrated an excellent and sustained response
in both muscle and lung function that was sustained
after 12 months.
Intravenous immune globulin (IVIg)
IVIg is an immunomodulatory agent whose mechanism of
action in the suppression of immune-mediated processes
is not entirely elucidated. Many years ago, IVIg first
demonstrated efficacy in DM in a double-blind,
controlled trial in 15 patients with refractory DM [3].
In another open label trial with thirty-five PM patients,
IVIg therapy was associated with significant clinical
improvement in 70% of the patients, and the efficacy was
maintained in half the patients 3 years after stopping IVIg
www.sciencedirect.com
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[28]. An alternative subcutaneous form of IVIg in seven
patients (4 DM, 3 PM) was associated with significant
improvement in CK, muscle strength, and quality of life
as well as discontinuation of immunosuppressive agents
and reduction of the maintenance prednisone dose in all
patients [29]. Subcutaneous IVIg was administered by a
programmable pump and the patient’s usual IVIg
monthly dose was divided into equal doses given sub-

cutaneously at weekly intervals. In a more recent ran-
domized double-blind placebo-controlled trial in Japan,
26 subjects (16 PM and 10 DM) were randomly assigned
to receive either IVIg therapy with polyethylene glycol-
treated human IgG or placebo. Statistically significant
improvements in the primary endpoint (manual muscle
test score) and secondary endpoints (serum CK level and
activities of daily living score) were noted in both IVIg
and placebo groups [30]. Few case reports have suggested
efficacy for IVIg in the treatment of myositis-ILD
[31,32]. In one report, a patient with amyopathic

dermatomyositis-associated ILD refractory to high-dose
glucocorticoids and cyclosporine A, showed a good
response to IVIg therapy [33]. The 2012 American
Academy of Neurology guidelines support IVIg therapy
for refractory DM but note insufficient evidence to
support or refute its use in PM [34]. More recently, the
ProDERM (Progress in DERMatomyositis) study evalu-
ated the efficacy, safety, and long-term tolerability of IVIg
(Octagam 10%) in patients with DM in a randomized,
placebo-controlled, double-blind, Phase III study [35].
The positive results of the trial will soon be published

and the favorable results led to the approval of this agent
by the U.S. Food and Drug Administration (FDA) for the
treatment of adult dermatomyositis.

IVIg is usually administered as infusions of 2 g/kg
monthly but the dose or interval can be changed based
on the disease severity and treatment responsiveness. A
major advantage of IVIg is that it is safe in the setting of
active infection and can also be used concomitantly with
other immunosuppressive agents. The high cost of IVIg
may influence decisions on its long-term use. Therefore,
IVIg is generally reserved for patients with prominent

dysphagia and refractory disease including marked
cutaneous features or as salvage therapy in patients with
severe and progressive MA-ILD resistant to conven-
tional immunosuppressive therapy.
Tocilizumab
Since the approval of tocilizumab, an antagonist of the
interleukin-6 (IL-6) receptor, for the treatment of
rheumatoid arthritis, there has been growing interest in
evaluating its potential efficacy in other systemic auto-
immune rheumatic diseases including myositis.

In the first report of tocilizumab use in IIM, two patients
with refractory PM demonstrated improvement in the
total CK level and MRI of their thigh muscles [36]. In
Current Opinion in Pharmacology 2022, 65:102257
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another report, a 32-year-old Japanese patient with an
overlap syndrome, including features of DM (proximal
muscle weakness, heliotrope rash, and Gottron sign) and
systemic sclerosis, inflammatory arthropathy and CCP
positivity (refractory to cyclosporine, IV cyclophospha-
mide, IVIg, tacrolimus, and combination methotrexate
and adalimumab) was treated with tocilizumab which
resulted in resolution of the DM rash and arthritis with

gradual improvement in the muscle weakness and CK
elevation allowing glucocorticoid tapering [37]. In a more
recent report, a 43-year-old Chinese man with anti-
MDA5 and anti-Ro52-positive DM presented with
classic skin rashes, symmetric proximal muscle weak and
progressive dyspnea [38]. HRCT of the chest demon-
strated interlobular septal thickening and subpleural
ground-glass opacities. Oral high dose prednisone,
cyclophosphamide and tacrolimus led to disappearance of
skin lesion and muscle weakness but the chest HRCT
showed a rapid progression of interstitial lesions. Rescue

IV methylprednisolone pulse therapy and addition of
tocilizumab resulted in recovery and normalization of the
ILD. In an open-label pilot study of tocilizumab in
IMNM, a total of 11 patients with refractory IMNMwere
enrolled in the study, including 3 anti-3-hydroxy-3-
methylglutaryl-CoA reductase- and 8 anti-SRP-positive
patients [39]. Seven (63.6%) of these patients achieved
clinically significant responses according to the 2016
ACR-EULAR myositis response criteria. Baseline serum
IL-6 levels and the percentage of CD56-positive muscle
fibers were positively correlated with the total improve-

ment score after 6 months of tocilizumab treatment.

An investigator-initiated (University of Pittsburgh)
multi-center, randomized, double-blind, controlled trial
recently assessed the efficacy of tocilizumab in
refractory adult PM and DM (clinicaltrials.gov,
NCT02043548). Unfortunately, the trial failed to meet
the primary and secondary endpoints and the results will
be formally published in 2022.
Abatacept
CD28 and CTLA-4, costimulatory molecules, have been
reported to be up-regulated in the muscles of PM and

DM patients [40,41]. Abatacept, which targets CD80
and CD86 on antigen presenting cells, was reported to
be successful in a patient with refractory PM [42]. A
child with severe recalcitrant JDM with ulcerative
cutaneous disease and progressive calcinosis also
demonstrated a favorable response to combination
therapy with abatacept and sodium thiosulfate [43]. In
another case report from Japan, abatacept therapy was
associated with a favorable outcome in an anti-SRP
positive patient with refractory myositis [44]. In a
more recent report from Europe, a patient with severe
myositis in overlap with rheumatoid arthritis, peripheral

vasculitis and ILD, refractory to several traditional and
Current Opinion in Pharmacology 2022, 65:102257
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biologic therapies, responded well to abatacept with
good control of myositis [45].

In a phase IIb pilot study of abatacept, 20 patients with
DM (n= 9) or PM (n= 11) with refractory disease were
enrolled in a randomized treatment delayed-start trial to
receive either immediate active treatment with intra-
venous abatacept or a 3 month delayed-start [46]. Eight/

19 patients included in the analyses achieved the defi-
nition of improvement (DOI) at 6 months. At 3 months,
five (50%) patients responded after active treatment
but only one (11%) patient in the delayed treatment
arm met the DOI. Overall, abatacept resulted in lower
disease activity in nearly half of the enrolled patients. In
patients with repeat muscle biopsies, an increased fre-
quency of Foxp3þ Tregs suggested a positive effect of
treatment in muscle tissue.

Phase III clinical trials are currently ongoing to assess

the efficacy and potential role of abatacept in refractory
IIM and IIM-ILD.
Sifalimumab
There is growing evidence that type I interferon (IFN

alpha/beta)-mediated innate immunity may be impli-
cated in the pathogenesis of IIM [47e49]. In a study of
56 patients with adult or juvenile DM (using peripheral
blood samples and clinical data), the type I IFN gene
and chemokine signature and serum levels of IL-6
correlated with each other and with IIM disease activ-
ity [50].

A phase 1b multicenter, randomized, double-blind,
controlled, clinical trial assessed sifalimumab, an anti-
IFNa monoclonal antibody, in PM and DM [51].
There was suppression of the IFN signature in periph-

eral blood and muscle tissue (66% and 47%, respec-
tively) which correlated with clinical improvement in
patients received sifalimumab. Subjects with � 15%
improvement in the MMT had greater neutralization of
the IFN signature in both peripheral blood and muscle
than those with < 15% improvement. These favorable
results have led to the initiation of other clinical trials
targeting IFN, particularly in DM.
Ruxolitinib
Janus kinase/signal transducers and activators of tran-
scription pathway inhibition have been reported to
mitigate IFN signaling, which is thought to contribute
to disease pathogenesis in DM as outlined above.
Ruxolitinib, a Janus kinase (JAK) inhibitor, was recently
reported to be effective for the treatment of refractory

DM [52] in a 72-year-old woman refractory to multiple
immunosuppressive agents and IVIg after being diag-
nosed with a JAK2 mutation-associated myeloprolifer-
ative neoplasm. Ruxolitinib monotherapy led to rapid
www.sciencedirect.com
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and significant improvement of DM symptoms with
prolonged remission at 12 months.
Tofacitinib
In a recent series including four subjects with refractory
DM who received tofacitinib after failure of several
immunosuppressive and immunomodulatory agents,
JAK inhibition with tofacitinib resulted in significant
improvement in cutaneous and extra-cutaneous mani-
festations [53]. Four cases of refractory DM have pre-
viously been reported to be responsive to tofacitinib
[54]. More recently, in the first prospective, open-label
clinical trial of tofacitinib in 10 subjects with DM, JAK

inhibition with tofacitinib demonstrated strong clinical
efficacy as measured by validated myositis response
criteria [55]. Another brief report noted a case of re-
fractory PM responding well to tofacitinib [56]. In a
recent retrospective study of nine refractory and one
new-onset patients with juvenile DM treated with
ruxolitinib (n = 7) or baricitinib (n = 3), JAK inhibition
led to clinically inactive disease [57].

Japanese investigators reported the possible efficacy of
tofacitinib as a rescue option for patients with high-risk

amyopathic dermatomyositis-ILD after failure of con-
ventional treatment [58]. In a recent single-center,
open-label clinical study of tofacitinib in patients with
early-stage anti-MDA5e positive ILD in China, gluco-
corticoid combined with tofacitinib (5 mg twice daily)
led to significant improvement in survival 6 months after
the onset of ILD as compared to conventional treatment
[59]. The ferritin level, FVC, DLCO, and findings on
high-resolution CTwere also considerably improved in
the tofacitinib group.
Apremilast
A recent report noted improvement after apremilast, an
oral phosphodiesterase 4 inhibitor, in a woman with re-
fractory DM leading to marked skin improvement and
complete resolution of scalp pruritus [60]. A recent 12-
week phase 1b trial of apremilast in five Japanese pa-

tients with refractory DM rashes reported two patient
withdrawals and three evaluable female patients [61]. A
39% improvement in the cutaneous dermatomyositis
disease area and severity index total activity score at
week 12 was observed in all three patients. Further
study is warranted to evaluate the efficacy and safety of
apremilast in refractory cutaneous DM or potentially
earlier in the therapeutic algorithm for DM.
Anti-tumor necrosis factor (anti-TNF)
agents
In a randomized, double-blind, placebo-controlled trial
including 12 subjects with active refractory DM or PM,
infliximab therapy was well tolerated and deemed to be
beneficial for a subset of patients [62]. In general, anti-
TNF therapy is not routinely used in IIM as its efficacy
www.sciencedirect.com
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is unclear and the risk for inducing PM and DM has
been previously noted [35e38]. Anecdotally, anti-TNF
agents may be helpful for the management of inflam-
matory arthropathy in myositis patients.
Others
Lenabasum is a rationally-designed preferential canna-
binoid receptor type 2 agonist that mitigates innate
immune responses leading to a reduction in tissue
inflammation and fibrotic processes. In an open-label
extension of a phase 2 study of lenabasum in refractory
skin-predominant dermatomyositis, the CDASI activity
score showed improvement [63]. The final results of

this Phase 3 study, which did not meet the primary
endpoint, have not yet been published.

A phase 2 randomized, controlled multicenter study has
been initiated to evaluate the efficacy and safety of
KZR-616, selective inhibitor of the immunoproteasome,
in the treatment of patients with active PM or DM.

A phase 3 study is underway to evaluate the efficacy and
safety of IgPro20 (subcutaneous immunoglobulin,
hizentra) in adults with DM.
Conclusions
The treatment of myositis and MA-ILD patients who
experience disease recurrences during or after conven-

tional therapy or those failing to demonstrate a complete
response can be challenging. Over the past decade,
there have been several small series and a limited
number of clinical trials assessing the potential use of
novel biologic agents in IIM. While the efficacy data is
limited, the biological plausibility of several agents and
encouraging results from case series and smaller clinical
trials is nonetheless end results, encouraging. Certainly,
further research is required to fully assess the role of
biologics such as tocilizumab (anti-IL6), abatacept (in-
hibition of T cell co-stimulation), sifalimumab (anti-

IFNa), ruxolitinib/tofacitinib (JAK inhibitors), apremi-
last (phosphodiesterase 4 inhibitor), and KZR-616 (se-
lective inhibitor of the immunoproteasome).
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A case of a patient with refractory dermatomyositis with severe scalp
pruritus treated with apremilast who demonstrated significant improve-
ment in her skin disease and complete resolution of scalp pruritus.
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