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Abstract
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The childhood-onset or juvenile idiopathic inflammatory myopathies
(JIIMs) are aheterogenous group of rare and serious autoimmune dis-
eases of children and young people that predominantly affect the mus-
clesand skinbut can also involve other organs, including the lungs, gut,
joints, heart and central nervous system. Different myositis-specific
autoantibodies have beenidentified that are associated with different
muscle biopsy features, as well as with different clinical characteristics,
prognoses and treatment responses. Thus, myositis-specific autoanti-
bodies can be used to subsetJIIMs into sub-phenotypes; some of these
sub-phenotypes parallel disease seenin adults, whereas others are
distinct from adult-onset idiopathicinflammatory myopathies. Although
treatments and management have much improved over the past decade,
evidenceis still lacking for many of the current treatments and few
validated prognostic biomarkers are available with which to predict
response to treatment, comorbidities (such as calcinosis) or outcome.
Emerging dataon the pathogenesis of theJIIMs are leading to proposals
for new trials and tools for monitoring disease.
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Key points

¢ Juvenile idiopathic inflammatory myopathies (JIIMs) can differ from
adult-onset myopathies in terms of the pathogenesis, autoantibody
profile, disease phenotype and treatment response, but these
differences need to be further defined.

o The myositis-specific autoantibody and myositis-associated
autoantibody profile of a patient can help to determine the disease
phenotype and likely outcome of the patient, including their risk of
having disease complications.

o More research is needed to provide an evidence-based approach
to the management of refractory JIIM, major organ involvement and
myositis-related complications or comorbidities.

o New therapeutic targets have been strongly implicated in JIIM by
pathogenesis studies, most notably, the type | interferon pathway;
clinical trials are urgently needed but innovative designs are required.

o Further research is needed to identify specific dysregulated
pathways in addition to type | interferon and how these pathways
relate to the myositis-specific autoantibody or myositis-associated
autoantibody clinical subtypes.

o A better understanding is needed of the long-term outcomes
of patients with JIIM into adulthood, including the factors that are
important to patients and their families.

Introduction
The childhood-onset or juvenile idiopathic inflammatory myopathies
(JIIMs) are agroup of rare but serious conditions of childrenand young
people that predominantly affect the muscles and skin but can also
involve other organs, including the lungs, gut, joints, heart and central
nervous system. A newly defined European Alliance of Associations for
Rheumatology-American College of Rheumatology (EULAR-ACR) sys-
temof classification’ captures the most prevalent group of JIIM, namely
juvenile dermatomyositis (JDM). However, further refinement will be
required for a classification that accurately captures the subtypes of
JDM and delineates other forms of JIIM, including juvenile polymyositis,
immune-mediated necrotizing myopathy (IMNM) in children or the
overlap myositis syndromes. Unlike previous criteria, one advantage
of the new EULAR-ACR criteria, according to an evaluation of these
criteriainadult patients, is their ability to capture amyopathic dermato-
myositis”. Although the EULAR-ACR classification criteria represent
anew and superior standard, the Bohan and Peter criteria proposed
in1975 (ref. 3) have still been used in some recent literature.

Animportant advancementinthe past 10 yearsis agreater under-
standing of the disease phenotype on the basis of the myositis-specific
autoantibody (MSA) profile. MSAs, present in approximately 60%
of children withJIIM*, can help to inform the disease course and risk of
complications, such asinterstitial lung disease (ILD) or calcinosis. MSA
testing has helped to identify patients with IMNM, anti-synthetase
syndrome or overlap syndromes who previously might have been
classified as having juvenile polymyositis.

In terms of JIIM pathophysiology, vasculopathy and endothelial
dysfunction are increasingly recognized asimportant elements, with

number of circulating endothelial cells correlating with disease activ-
ity and nailfold abnormalities®. Type linterferon signature isaknown
key feature of JIIM but more work is needed to define the key drivers
of this signature and the downstream effects that lead toimmune dys-
regulation. Growing evidence supportsinvolvement of mitochondrial
dysfunction and endoplasmic reticulum (ER) stress. Greater under-
standing of pathogenesis might help toidentify important therapeutic
targets, shown most recently by the promise of JAK-STAT inhibition
in the treatment of JIIM-related muscle, skin and lung disease’". This
approach needs to be explored further by clinical trials.

In this Review, we describe the key features of JDM and its sub-
types, as well as juvenile-onset IMNM, juvenile polymyositis and the
overlap syndromes. We also discuss the clinical phenotypes of JIIM
in relation to the MSA profile, highlighting the main clinical associa-
tions, response to treatment and caveats of antibody testing (Table 1).
We review advances in our knowledge of the pathogenesis of JIIM
and assess how evidence over the last decade has contributed to the
understanding and management of these complex conditions, and
whatevidenceis urgently needed to address the unmet needsin JIIM.
Where data are available, we compare childhood-onset myositis and
adult-onset myositis to highlight parallels or differences in antibody
associations, genetics, clinical features, prognosis or outcomes.
Detailed comparisons between adult and paediatric myositis have
also been reviewed elsewhere'>",

Inthefinal section of this Review, we summarize current evidence
in terms of JIIM treatment and highlight the need for head-to-head
comparison studies to determine the best second-line treatment,
options for recalcitrant disease and JIIM-related complications.
Atreatmentalgorithm for JIIM based on current available consensusis
also presented, including the use of exercise therapy and psychological
support, as well as medications. Finally, we discuss some of the key chal-
lenges inthe management of JIIM and how international collaboration
helps to overcome these challenges and improve our understanding
of this rare but important group of diseases.

Epidemiology

JIIM has areported incidence of between 1.6 and 4 cases per million
children peryear and an estimated prevalence of 2.5 cases per 100,000
children™, but limited data are available. Although the mortality in
JIIM has decreased considerably since the pre-steroid era and is often
reported as being below 4% worldwide" ", mortality remains as high
as 5-8% in some cohorts®?°, In a North American study, the mortal-
ity associated with juvenile connective tissue disease (CTD) overlap
phenotypes was higher (standardized mortality ratio (SMR) 66.9)
than that associated with juvenile polymyositis (SMR 30.7) or ]DM
(SMR 8.3)?. Risk factors, identified by multivariate analyses, included
older age or illness severity at disease onset, weight loss and delay to
diagnosis®.

As mortality rates have decreased over the years, more emphasis
has been placed on evaluating long-term functional outcomes, mor-
bidity and health-related quality of life. Notably, the risk of disease
damage increases almost linearly for each year of disease?, highlight-
ing the importance of early disease control. Damage, usually mild,
is most common in the cutaneous, endocrine, muscular or skeletal
domains, withidentified predictors of damage, including high disease
activity or severity of disease at onset, duration of active disease, the
presence of early organ damage (within 6 months of diagnosis) and
functional disability'>****. Functional impairment is usually mild, but
reportedinupto 41% of patients and can be associated with increased
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Table 1| Main clinical associations of myositis-specific and myositis-associated autoantibodies in children

Autoantibody  Frequencyin JIIM Main clinical associations IIF pattern Specific issues related Key differences Refs.
on HEp-2 to antibody testing® between childhood-
cells onset and adult-
onset disease
Anti-TIF1 17-35%; highest Worse cutaneous disease than other Nuclear fine  ELISA might be Association with 4,5,41,
antibodies prevalence in white JIIM MSA subgroups, including speckled more sensitive than malignancy in 63,64,
populations and cutaneous ulceration, photosensitivity immunoprecipitation adult-onset [IM is 129131,
younger age groups. and lipodystrophy. Some patients for anti-TIF1 antibodies. not seenin children. 138,224
Median age of onset can have an amyopathic phenotype, Poor sensitivity with line Anti-TIF1 antibodies
7 years (3.8-10.4 years)  or extensive erythema, including V immune-assays (LIA) or are more common
ina North American sign, shawl sign or holster sign, and dotimmune-assays (DIA) in childhood-onset
cohort periungual nailfold changes. Disease means that false-negative  disease than in
is often chronic or polycyclic. Patients or false-positive results adult-onset disease.
are more likely to receive second- or can occur. Levels of Children are less
third-line treatment than patients with anti-TIF1 antibodies are likely to develop the
other JIIM autoantibody subtypes reported to decrease with  V-sign than adults
rituximab therapy and
correlate with disease
activity
Anti-NXP2 15-25%; highest Main features include calcinosis, Nuclear fine  Sensitivity of LIA might be  Association with 4,541,
(initially called  prevalence in white prominent muscle weakness, speckled suboptimal for anti-NXP2  cancer in adult- 63,64,
anti-MJ) populations and dysphagia and dysphonia. Some or multiple antibodies. If measured onset IIM not seen 129,131,
antibodies younger age groups. patients have joint contractures. dots. by standard radio-labelled in children. Anti- 138
Median age of onset Disease course is often severe, immunoprecipitation, NXP2 antibodies
of 5.8 years (3.9-10.2 with persistent disease activity additional testing is are more common
years) in a North and remission at 2 years less likely required, such as western  in childhood-onset
American cohort compared with other JIIM autoantibody blot (immunoblot), to disease than in
sub-types differentiate between anti- adult-onset disease
NXP2 and anti-MDAS5 anti-
bodies, which produce
similar immunoprecipita-
tion patterns (the pres-
ence of a 140-kDa band).
Commercial ELISA is not
yet available for anti-NXP2
antibodies
Anti-MDA5 6-38%; highest Mild muscle disease, including Negative or Can be detected by LIA, Similar disease 4,50,
antibodies prevalence in clinically amyopathic phenotype (more  cytoplasmic. immunoprecipitation-blot  phenotype 57,63,
Japanese cohorts. common in adult-onset disease than or ELISA. If measured by 64,129,
Median age of onset of  in childhood-onset disease). Patients standard radio-labelled 131,138
8.7 years (6-13.2 years) might have constitutional symptoms immunoprecipitation,
in a North American and weight loss. Higher risk of additional testing is
cohort cutaneous and oral ulceration, arthritis required to distinguish
and ILD than in other JIIM autoantibody between anti-MDA5 and
subtypes and increased risk of anti-NXP2 antibodies.
rapidly progressive ILD (particularly Levels of anti-MDA5
in Japanese, Korean and Chinese antibodies quantified
patients). Disease frequently requires by ELISA, reported to
intensive immunosuppressive therapy correlate with risk of LD
and cutaneous disease
in Japanese cohorts,
and might be helpful
in determining response
to treatment
Anti-Mi2 4-10%; highest Known as ‘classical JDM'. Marked Nuclear fine  Can be detected by Similar phenotype 4,541,
antibodies prevalence in patients  muscle disease in early disease stages speckled immunoprecipitation or across ages but 63,64,
of Hispanic ethnicity that responds well to conventional LIA. Anti-Mi2 antibodies children less likely 129-131,
and older age groups.  treatment. Higher chance of being reported to decrease to have a V-sign or 138,224,
Median age of onset off treatment after 2 years than with following rituximab shawl sign and are 225
of 10.7 years (range other JIIM autoantibody subtypes. Can therapy and correlate at an increased risk
6.7-14.9 years) in follow a polycyclic course. Associated with disease activity of muscle weakness
a North American with pharyngeal weakness or dysphagia, and dysphagia
cohort oedema and cutaneous features. Lower compared with
risk of ILD and lower mortality than other adults. Anti-Mi2
JIIM autoantibody subtypes antibodies
associated with
cancer in adults, but
not in children
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Table 1 (continued) | Main clinical associations of myositis-specific and myositis-associated autoantibodies in children

Autoantibody FrequencyinJIIM Main clinical associations IIF pattern Specific issues related Key differences Refs.
on HEp-2 to antibody testing® between childhood-
cells onset and adult-
onset disease
Anti-SAE 0.3-9.1% Predominant cutaneous involvement. Nuclear Detected by LIA, dot blot Anti-SAE antibody 4,1,
antibodies Amyopathic at onset. Might be coarse or immunoprecipitation is rarely detected in 64,129,
associated with dysphagia. ILD has speckled JIIM and hence the 131,138
been reported in a single case reportof ~ With clinical phenotype
an anti-SAE antibody-positive patient nucleolar and response to
with JDM sparing treatment is difficult
to define. Anti-SAE
antibody association
with malignancy
reported for adult-
onset disease only
Anti- 2-5%; highest Anti-ARS antibodies are associated Negative or LIA, immunoprecipitation  Similar phenotype 4,5,38,
aminoacyl- prevalence in patients  with an increased likelihood of having cytoplasmic  or ELISA is commonly in juvenile and 64,129,
tRNA of Black ethnicity and a juvenile connective tissue myopathy used to detect anti-Jo1 adult-onset disease, 131138,
synthetase older age at onset. phenotype. Patients with anti-ARS antibodies. Line blot although this 224,225
(anti-ARS) Median age at onset antibodies frequently have a chronic might not detect rare subtype is much
antibodies, of 12.3 years (range continuous disease course and a need anti-ARS antibodies less frequent in
also known 71-15years)inaNorth  for additional immunosuppressive (for example, anti-OJ childhood than
as anti- American cohort therapy. Antibody positivity is also antibodies). in adulthood.
synthetase associated with high rates of ILD and Anti-Jol antibodies are Important features
antibodies® increased mortality. Some patients reported to decrease such as Raynaud
might present to respiratory services following rituximab phenomenon,
with isolated ILD. Anti-synthetase therapy and correlate with Mechanics hands
syndrome describes a combination disease activity and ILD seem to
of symptoms, including myositis, ILD, occur at a lower
Raynaud phenomenon, fever, arthritis frequency in
and mechanics hands. The presence of childhood-onset
anti-ARS antibodies can be associated disease than in
with lipodystrophy. adult-onset disease
Different anti-ARS antibodies are
associated with muscle-predominant
or skin-predominant disease.
Non-Jo1 anti-ARS antibodies (such
as anti-PL7 and anti-PL12 antibodies)
are associated with severe lung
involvement
Anti-SRP 1.6-4%; highest IMNM, characterized by necrosis Cytoplasmic  Often screened Less common in 4,541,
antibodies prevalence in Black of muscle fibres with no or minimal for by ELISA or LIA. childhood-onset 64,66,
populations and inflammation on muscle biopsy. Commercially available disease than 68,129,
older age at onset. Patients can have high serum levels kits only test for the in adult-onset 131138,
Median age of onset of creatinine kinase. Disease is often 54-kDa subunit of SRP; disease, buta 224
of 14.6 years (range chronic (and treatment-resistant) hence, false-negative similar phenotype.

11.6-16.1years) in
a North American
cohort

and might benefit from treatment
with rituximab in addition to corticos-
teroids and disease-modifying drugs,
as well as physiotherapy. Patients with
anti-SRP antibodies are more likely
have severe muscle weakness and
extra-muscular manifestations than
patients with anti-HMGCR antibodies.
Anti-SRP antibodies are also associa-
ted with risk of dysphagia, joint con-
tractures, ILD, or cardiac involvement.
Non-specific cutaneous features can
be seen (<10%)

results can occur.
False-positive results

are common with LIA.
Anti-SRP antibody

levels are unchanged
following rituximab
therapy but correlate with
levels of muscle enzymes

Children might be
less likely to have
palpitations and

are less likely to die
than patients with
adult-onset anti-SRP
antibody-positive
IIM. Children have
been reported to
have increased
distal weakness,
muscle atrophy and
falling episodes
than patients with
adult-onset disease.
Younger age groups
may have a worse
prognosis but
mortality is lower

in childhood-onset
than in adult-onset
disease

Nature Reviews Rheumatology | Volume 19 | June 2023 | 343-362

346


http://www.nature.com/nrrheum

Review article

Table 1 (continued) | Main clinical associations of myositis-specific and myositis-associated autoantibodies in children

Autoantibody FrequencyinJIIM Main clinical associations IIF pattern Specific issues related Key differences Refs.
on HEp-2 to antibody testing® between childhood-
cells onset and adult-
onset disease

Anti-HMGCR 11% IMNM, characterized by severe Cytoplasmic  Usually screened for using Less common in JIIM 4,5,
antibodies proximal muscle weakness, joint ELISAs but false positives  than in adult-onset 3741,

contractures, high serum creatinine can occur with this assay 1IM but a similar 64,66,

kinase levels and muscle fibre necrosis (with a false-positive rate phenotype to adult- 68-70,

with no or minimal inflammation on of up to 0.7%). A positive onset disease. Unlike 129,138,

muscle biopsy. Patients with these result can be confirmed disease in adults, 226

antibodies often have a poor response by immunoprecipitation disease in children is

to medication and a chronic disease not associated with

course. Patients are also more likely to previous exposure

receive second- or third-line therapy, to statin medication.

including biologics, than other JIIM Children and

autoantibody subgroups, but might not young adults

benefit from rituximab therapy. IVIG (typically statin

can be beneficial for some patients. naive) can have a

Physiotherapy is important as part of worse prognosis

the treatment regime. Patients with than older age

anti-HMGCR antibodies are less likely groups. Cutaneous

to have extra-muscular manifestations disease is reported

than patients with anti-SRP antibodies, more frequently in

but can have cutaneous disease. Anti- childhood-onset

HMGCR antibodies are also associated disease thanin

with dysphagia adult-onset disease
Myositis-associated autoantibodies
Anti-Ro52 6-14% The presence of anti-Ro52 antibodies Negative or Can be detected by Less common in JIIM 64,74,
antibodies is associated with a myositis overlap cytoplasmic  LIA and ELISA; not than in adult-onset 129,138

phenotype, as well as an increased risk immunoprecipitation IIM

of ILD. The disease course is frequently

chronic, with an increased number

of medications and a lower chance of

remission than with other JIIM

autoantibody subtypes
Anti-PM/Scl 3-5% Anti-PM/Scl antibodies are associated Nucleolar, Can be screened for Less common in JIIM 4,41,
antibodies with overlap syndromes, most homogenous using IIF and identified by  than in adult-onset 64,131,

commonly overall with scleroderma. different immunoassays IIM 138

These antibodies are also associated

with an increased risk of calcinosis and

lipoatrophy
Anti-UIRNP 4-5.6% Anti-U1RNP antibodies are associated Nuclear Might not be included Less common in JIIM 4,64,
antibodies with polymyositis or a polymyositis speckled in all myositis panels than in adult-onset 131138

overlap phenotype, scleroderma or myositis LIAs and IIM

overlap and mixed connective tissue additional testing might

disease. These antibodies are also be needed if clinically

detected in patients with SLE. Muscle relevant

weakness is less likely in patients with

anti-UIRNP antibodies than in other

JIIM autoantibody subgroups
Other Anti-Ku, anti-Scl70, anti-Ro60, anti-U3RNP and anti-mitochondrial antibodies are more likely to be identified Less common in JIIM 4,64,
myositis- in older patients than in younger patients and are associated with polymyositis, a polymyositis phenotype or than in adult-onset 131138
associated scleroderma overlap IIM

autoantibodies

DIA, dotimmune assay; HEp-2, human epithelial type 2; HMGCR, 3-hydroxy-3-methylglutaryl-coenzyme A reductase; IIF, indirect immunofluorescence; IIM, idiopathic inflammatory myopathy;
ILD, interstitial lung disease; IMNM, immune-mediated necrotizing myopathy; JIIM, juvenile idiopathic inflammatory myopathy; LIA, line immune-assay; MAA, myositis-associated antibodies;
MDAS5, melanoma differentiation-associated gene 5; MSA, myositis-specific antibodies; NXP2, nuclear matrix protein 2; SAE, small ubiquitin-like modifier activating enzyme; SLE, systemic
lupus erythematosus; SRP, signal recognition particle; TIF1, transcriptional intermediary factor 1. °A clinician’s guide to MSA and MAA testing is available at the Juvenile Dermatomyositis Cohort
Biomarker Study and Repository. ®’Anti-aminoacyl-tRNA synthetase antibodies include anti-Jo1 (anti-histidyl-tRNA synthetase), anti-PL7 (anti-threonyl-tRNA synthetase), anti-PL12 (anti-alanyl-
tRNA synthetase), anti-EJ (anti-glycyl tRNA synthetase), anti-KS (anti-asparaginyl-tRNA synthetase), anti-OJ (anti-isoleucyl-tRNA synthetase), anti-Ha (anti-tyrosyl-tRNA synthetase) and anti-Zo
(anti-phenylalanyl-tRNA synthetase) antibodies.

painand decreased quality of life’®'”*2°2325 Children canbe affected  puberty®.Inareport of adults who had JDM and were surveyed at an
byimpaired growth or delayed puberty, particularlyifthereispreced- average age of 20 years, 59% perceived that their myositis was still
ing growth failure or if the active phase of disease occurs duringearly  active and 65% were still taking immunosuppressive medication?.
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JliMis also associated with long-termrisks relating to cardiovascular,
pulmonary or cerebrovascular disease®** ™,

Clinical phenotypes

Onthebasis of clinical and histopathological findings, JIIM can be sepa-
rated into various subtypes.JDM, the most commonJIIM subtype, rep-
resents more than 80% of patients, followed by overlap myositis™'>1%*2,
Inthis section, we first review the clinico-serological subtypes of JDM
before discussing the features of amyopathic JDM, anti-synthetase
syndrome, IMNM and overlap syndromes. In the absence of myositis,
patients with characteristic skin rashes are considered to have amyo-
pathic or clinically amyopathic JDM, but this phenotype s rarein chil-
dren® ™, Juvenile polymyositisis a very rare subtype, characterized by
severe muscleinflammation and characteristic but not pathognomonic
histological, radiological and electromyographic findings*®. Emerg-
ing data suggest that some patients previously diagnosed as having
JDM or juvenile polymyositis instead fall within the IMNM?, overlap
myositis or anti-synthetase syndrome category>®, on the basis of their
autoantibody profile (Table1).

Juvenile dermatomyositis

JDMiis defined by the presence of proximal symmetric myositis and
characteristic cutaneous features and has amedian age at diagnosis of
7.4 years™. Calcinosis has been reported in 20-47% of patients withJDM
in different cohorts'**’. Approximately 60% of patients with JDM are
positive for amyositis-specific antibody (MSA) (Table 1). Increasingly,
expert consensus is thatJDM can be divided into the following subtypes
defined by the presence of a specific MSA: anti-Mi2 antibody-positive
JDM, anti-nuclear matrix protein 2 (NXP2) antibody-positiveJDM, anti-
transcriptional intermediary factor 1 (TIF1) antibody-positive JDM,
anti-melanoma differentiation-associated gene 5 (MDAS) antibody-
positiveJDM, anti-small ubiquitin-like modifier activating enzyme (SAE)
antibody-positive JDM, and MSA-negative ]DM* (Table 1). Two MSAs can
coexist in the same patient, but this is extremely rare, although some
patients do have both an MSA and one or more myositis-associated
autoantibodies (MAAs)°.

Anti-TIF1 antibody-positive JDM. Anti-TIF1 antibodies are the most
common MSA in JIIM, with a reported frequency of between 17% and
35% (refs. 4,5,40) (Table 1). These antibodies are most common in
white children and those children with ayounger age at disease onset®
(median age of 7 years at disease onset in one North American study).
The clinical phenotype of anti-TIF1antibody-positiveJDM includes mild
muscle disease with relatively low creatinine kinase serum levels but
with severe skininvolvement, including anincreased risk of ulceration
and lipodystrophy***, Other frequent skin manifestations include
Gottron papules, malar rash, erythema, ‘shawl-sign’ rash, photosen-
sitivity and cuticular overgrowth’. Dysphagia can also occur in these
patients*. Some patients have a chronic severe disease course, requir-
ing the use of second-line or third-line treatment regimes, including
cyclophosphamide or biologic drugs*. Although anti-TIF1antibodies
confer an increased risk of malignancy in patients with adult-onset
myositis***, this association has not beenreported in individuals with
childhood-onset myositis.

Anti-NXP2 antibody-positive JDM. Anti-NXP2 antibodies (initially
known as anti-M]J antibodies) are present in approximately 15-25% of
patients with JDM (Table 1) and are one of the most common MSAs in
white populations®***, Anti-NXP2 antibody-positive patients with

JDM typically present at a young age, and have the highest incidence
of calcinosis among the various JDM antibody subtypes, with age at
onset itself found to be linearly associated with risk of calcinosis in
a UK cohort*. Calcinosis is also associated with the presence of anti-
NXP2 antibodies in adult-onset idiopathic inflammatory myopathy
(IIM)¥". Muscle disease can be severe in childhood-onset anti-NXP2
antibody-positive disease and caninclude muscle contractures, muscle
atrophy and functional compromise®. Other features of anti-NXP2
antibody-positive disease include gastrointestinal involvement, risk of
dysphagia, dysphoniaand skinulceration®. The disease can be difficult
to treat, has a low probability of treatment discontinuation, does not
always respond well to conventional treatment and canresultina poor
long-term prognosis***.

Anti-MDADS5 antibody-positive JDM. Patients with anti-MDAS antibody-
positive JDM typically have minimal or no muscle involvement***,
The characteristic clinical phenotype includes frequent skin rashes,
cutaneous ulceration and arthritis (affecting mainly the small joints
ofthehand and feet), in addition to constitutional symptoms (such as
weight loss), oral ulceration and increased risk of ILD*****"**, Patients
with early ILD detected by computerized tomography or pulmonary
function tests are frequently asymptomatic®. Rapidly progressive
ILD is a rare but potentially fatal complication of [IM in both children
and adults with anti-MDAS5 antibodies and reports suggest that this
complication occurs more oftenin East Asian populations thanin other
populations®~’. Anti-MDAS antibody-positive patients are more likely
toreceiveshort-termtreatment with glucocorticoids than patients with
otherJIlIM autoantibody subtypes, although overall treatment duration
and frequency of clinical remissionin anti-MDAS5 antibody-positive ]DM

50

is similar to that of other JDM subtypes™.

Anti-Mi2 antibody-positive JDM. Anti-Mi2 antibodies are present
in 4-10% of patients with JDM*°. Anti-Mi2 antibody-positive JDM
is more common in Hispanic patients with an older disease onset
(median age of disease onset of 11 years) than other JIIM autoantibody
subtypes®. Children with anti-Mi2 antibody-positive JDM typically
present with severe muscle disease and notable skin involvement,
frequently referred to as ‘classic JDM*°, Common skin rashes include
those pathognomonic for JDM (such as heliotrope rash and Gottron
papules), along with malar rash and periungual nailfold capillary
abnormalities’. The severity of the myositis is reflected by the high
muscle biopsy scores of the patients*®. Children with anti-Mi2 antibody-
positive JDM are less likely to have ILD than patients with other JDM
subtypes, butare at agreater risk of dysphagiaand oedema*’. Despite
the severe presentation, anti-Mi2 antibody-positive patients respond
well to conventional treatment and have a good chance of being off
treatment at 2 years*s,

Amyopathic juvenile dermatomyositis

Amyopathic JDM can occur in some children but it is rare (<5% of
patients with JIIM)**°, Anti-TIF1 antibodies, followed by anti-MDAS5
antibodies, are the most common MSAs associated with this JIIM
subtype**. Patients with amyopathic JDM tend to have a young age of
disease onset and have less myalgia, arthritis, calcinosis, dysphagia or
abdominal pain than other patients with JDM?*, Skin manifestations
include Gottron papules, heliotrope rash, malar rash, periungual capil-
lary abnormalities and photosensitivity**. Some patients with anti-SAE
antibodies can presentinitially with skin disease, with muscle involve-
ment occurring at a later stage*“°. In a case report, one patient had
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anti-SAE antibody-positive amyopathic JDM complicated by ILD®. In
the absence of myositis, some experts believe that the presence of an
MSA can support a diagnosis of JIIM®*,

Anti-synthetase syndrome

Anti-synthetase syndrome is characterized by the presence of anti-
bodies against aminoacyl tRNA synthetases (anti-ARS antibodies; also
known as anti-synthetase antibodies) and abroad spectrum of clinical
features. Eight anti-synthetase antibodies have so farbeen describedin
IIM: anti-Jol (anti-histidyl-tRNA synthetase), anti-PL12 (anti-alanyl-tRNA
synthetase), anti-PL7 (anti-threonyl-tRNA synthetase), anti-EJ (anti-
glycyl tRNA synthetase), anti-KS (anti-asparaginyl-tRNA synthetase),
anti-OJ (anti-isoleucyl-tRNA synthetase), anti-Ha (anti-tyrosyl-tRNA syn-
thetase) and anti-Zo (anti-phenylalanyl-tRNA synthetase) antibodies.
Clinical manifestations of anti-synthetase syndrome, as documented
inaNorth American study, include proximal muscle weakness (100%),
arthritis (74%), mechanic’s hand (32%), fever (63%), Raynaud phenom-
enon (32%) and ILD (63%)°. Anti-synthetase syndrome is rarein children
and much knowledge is extrapolated from the disease in adults. Among
adults withanti-synthetase syndrome, patients positive for anti-Jol anti-
bodies are more likely to have myositis, whereas other patients, espe-
cially those with anti-PL12 antibodies, are more likely to have isolated
ILD and therefore might presentinitially to arespiratory physician®®,

Immune mediated necrotizing myopathy

IMNM s arare andrecently characterized subtype of JIIM that includes
anti-signal recognition particle (SRP) antibody-positive myopathy,
anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR)
antibody-positive myopathy and antibody-negative IMNM**%¢, The
hallmark muscle biopsy finding of IMNM is muscle fibre necrosis with
the absence or minimal presence of lymphocyticinfiltrate®. Children
with IMNM characteristically present with severe muscle weakness and
notably elevated serum levels of muscle enzymes. Anti-SRP antibody-
positive patients can have dysphagia®, and in rare instances can have
cardiacinvolvement®**%, Some patients canalso present with skinand
other extra-muscular manifestations, which caninclude arthralgia or
Raynaud phenomenon, as well as ILD®®. Children with anti-HMGCR
antibodies typically present with severe proximal muscle weakness,
and can have muscle atrophy, contractures and arthralgia® . Although
in adults the development of anti-HMGCR antibodies is frequently
associated with exposure to statins, this association is absent in chil-
dren with anti-HMGCR antibodies®*°. Autoantibody negative IMNM
remains poorly characterized.

In children, anti-SRP or anti-HMGCR myopathy presenting with
slowly progressive muscle weakness could be mistaken for muscular
dystrophy™. If there is a high index of suspicion with muscle biopsy,
immunohistochemical or genetic testing might be appropriate.
Patients with muscular dystrophy canshare the same pattern of muscle
weakness (with more proximal than distal involvement), elevation of
muscle enzymes, oedema on MRI and myopathic features on biopsy,
but canbe distinguished from]JIIM by atendency to have amore insidi-
ous disease onset, weakness in other muscle groups, calf muscle of
generalized muscle hypertrophy, joint contractures, scapular wing-
ing, scoliosis, spinal rigidity, cardiomyopathy or macroglossia and
the absence of an MSA™,

Overlap myositis
Currently, no unifying internationally accepted definition of overlap
myositis exists as different CTDs can have similar clinical features.

An international survey of clinical opinion on criteria for JDM-
scleroderma overlap, which occurs in 15-20% of patients with
JDM according to some reports”, proposed the use of the presence of
two or more of the following criteria: Raynaud phenomenon, sclerodac-
tyly and sclerodermatous skin changes in a child fulfilling criteria for
JDM”.Inalarge US study of 1,718 patients with systemic lupus erythema-
tosus (SLE) (451 paediatricand 1,267 adult patients), 6.3% of the patients
had concurrent myositis’®, whereas in a UK cohort of patients with
JIIM, 2.5% of the patients were given a diagnosis of J]DM-SLE overlap®.
The most commonly detected autoantibodies in overlap syn-
dromesare MAAs (Table 1), although these antibodies can also be found
inother]JlIM subtypes. One or more MAAs might co-occur with MSAs in
the same patient*'>. MAAs include anti-Ro52, anti-PM/Scl and anti-
UIRNP antibodies®”. For example, in one cohort, MSAs were detected
in 6/49 (12%) of patients with overlap CTD or mixed CTD, whereas MAAs
were present in 25/49 (51%) of the patients®. Overlap syndromes are
associated with an increased risk of extra-muscular manifestations
and a higher risk of mortality, in particular because of the higher risk
of ILD, compared with other JIIM autoantibody subtypes, highlighting
theimportance of a correct diagnosis and early treatment®.

Myositis in other paediatric conditions

Other than primary myositis, myopathy or myositis canbe a present-
ing feature in anumber of different inflammatory conditions seenin
childhood. Clinical presentation of myositis in childhood sarcoidosis
is a rare but reported manifestation”. Thus, sarcoidosis or granu-
lomatous myositis should be considered in patients presenting with
myositis and hypercalcaemia’”. Myositis can also be present in child-
hood vasculitides, with reports of polyarteritis nodosa presenting as
polymyositis and deficiency of adenosine deaminase 2 (DADA2), a
monogenicautoinflammatory disease, presenting with inflammatory
myositis”’.

Advances in genetic testing have resulted in an increasing recog-
nition of monogenic autoinflammatory diseases and testing for such
diseases should be included in the differential diagnosis of patients
with myositis’®. Characteristic features of monogenic autoinflamma-
tory diseases include onset at an early age, fever and systemic inflam-
mation affecting the eyes, joints, skin and serosa, but any system can
be involved. Monogenic interferonopathies, such as proteasome-
associated autoinflammatory syndromes and stimulator of interferon
genes (STING)-associated vasculopathy with onset in infancy syn-
drome, can mimic JDM”®”°, Protracted febrile myalgia is a rare mani-
festation of familial Mediterranean fever characterized by prolonged
severe and symmetric muscle pain, fever and elevated inflammatory
markers that can also mimic JIIM®°.

Pathophysiology

Although thetriggers of disease inJIIM remain elusive, several studies
over the past few years haveimplicated new or interconnected mecha-
nismsintheskin, blood vessels and muscle (Fig.1), as discussed in this
section.

Environmental risk factors

Although the exact cause of this heterogeneous group of diseases
remain largely unknown, complex interactions between genetic and
environmental factors, as well asimmune and non-immune mecha-
nisms, have arole in JIIM pathogenesis®. The contributions of several
bacterial and viral pathogens have been studied, including strep-
tococcal infections, picornavirus, enterovirus, mycoplasma, with
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Fig.1|Factors implicated in the pathogenesis of juvenile myositis. The
pathogenesis of juvenile idiopathic inflammatory myopathy (JIIM) involves
acomplexinterplay between genetic and environmental factors, leading to
immunological, vascular and metabolic dysfunction. a, Environmental triggers
of JIIM might include ultraviolet (UV) radiation, pollution and microbial
infections. b, Genetic lociin the MHC and non-MHC regions are implicated in
disease susceptibility and development. ¢, Type l interferon signalling is thought
to have a central role in the pathological changes seen in various tissues.

d, Immune dysregulation within the skin, muscle and blood vessels, as well as
inother tissues (not shown), is thought to contribute to disease. Within the
muscle, the overexpression of MHC proteins, a hallmark feature thought to be
driven by interferons, contributes to endoplasmic reticulum (ER) stress leading
to aninflammatory cascade via the nuclear factor kappa B (NF-kB) pathway.
Autoreactive B cells are present, as demonstrated by the production of

myositis-specific antibodies (MSAs), and regulatory B (B,,) cells have a
pro-inflammatory phenotype (including producing elevated levels of IL-6).
Circulating inflammatory mediators include Galectin-9 and CXCL10, which
correlate with disease activity. Abnormalities in the small blood vessels are
reflected by a high number of circulating endothelial cells, which correlates with
disease activity; muscle capillary loss and complement deposition on capillaries
also frequently occur. T cell dysfunctionincludes a skewing of the T cell
compartment towards a T helper 17 (T;,17) cell phenotype, including within the
follicular helper T (Ty,) cell population. Both neutrophil extracellular trap (NET)
formation and mitochondria dysfunction occur inJ)DM and might be part of a
pathological loop that drives interferon production. Overall, the pathogenesis
of JIIMinvolves acomplex interplay between innate and adaptive immunity that
affects muscle, skin and vascular tissues to drive ongoing inflammation and
tissue damage. ISGs, interferon-stimulated genes.
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inconclusive results®> . Some patients have presented with myositis
following SARS-CoV-2 infection or vaccination against SARS-CoV-2
(refs. 86,87), but such case reports await confirmation by larger epi-
demiological studies. Ultraviolet light intensity and exposure have
been associated with both disease aetiology and severity in JIIM**°,
Such exposures might be associated with specific clinico-serological
subtypes: forexample,inalarge North Americanstudy, previous high
exposure to ultraviolet light was associated with increased odds of
having anti-TIF1antibodies®’. Other studied risk factorsinJlIM include
air pollution, maternal smoking and maternal occupation®. Some evi-
dence suggests that certain immunizations, stressor events, heavy
exercise prior to diagnosis and prolonged breastfeeding increase the
risk of specificJIIM phenotypes’ but the results need to be confirmed
inlarger multinational studies.

Genetics

Inboth adult and paediatric IIM, the strongest genetic associationin
white populations is within the 8.1 ancestral haplotype (AH8.1; also
known as the HLA AI-B8-DR3-DQ2 haplotype) of the major histocom-
patibility complex (MHC), first detected by GWAS analyses®. Subse-
quent studies using Immunochip data in well-characterized, larger
cohorts have confirmed this association®*. More recently, in 2022, ina
large international genetics study of JDM that used dense exome SNP
genotyping, researchersrevealed that the allele HLA-DRBI*03:01 and
amino acid position 37 within HLA-DRB1 are both strongly associated
with JDM, and that this association was independent of position 74,
a position associated with adult-onset dermatomyositis, enabling
differentiation between juvenile and adult-onset disease®. Further
analyses suggested that position 37 of HLA-DRB1 was independent
of the AH8.1 ancestral haplotype and confirmed previous associa-
tions with AH8.1 and HLA-DRBI*03:01. Specific associations of the
HLA-DQBI*02 allele with disease differ between adult-onset and
childhood-onset anti-TIF1antibody-positive dermatomyostis’. Simi-
larly, paediatric-onset anti-HMGCR antibody-positive myositis has a
specific association with HLA-DRBI*07:01, whereas adult-onset anti-
HMGCR antibody-positive myositis is associated with HLA-DRBI*11:01
(ref.37).Other non-MHC geneticloci, including the R620W variant of
PTPN22 and a non-synonymous SNP (rs2304256) in TYK2, have also
been associated with both adult and juvenile IIM, as well as other
autoimmune conditions®%,

Vasculopathy of JIIM

Vasculopathy and endothelial dysfunction are thought to have
animportant role in JDM and have been associated with systemic
disease”. In a flow cytometry analysis, the number of circulating
endothelial cells but not circulating endothelial progenitor cells were
increased in the peripheral blood of patients with JDM compared
with healthy individuals'®’; a study of 90 patients with JDM found
that the number of circulating endothelial cells correlated with dis-
ease activity and nailfold abnormalities, and were increased in both
patients with active JDM and patients with inactive JDM compared
with healthy individuals®. In a separate study, patients with JDM who
were positive for anti-TIF1antibodies had lower nail fold end row loop
counts (indicative of vasculopathy) at diagnosis and a prolonged
duration of untreated disease, compared with other patients with
JDM'™, Endothelial soluble adhesion molecules, including soluble
intercellular adhesion molecule1(sICAM1) and sICAM3, soluble vas-
cular cell adhesion molecule 1 (sVCAM1), VCAM1 and E-selectin, are
key playersinthe adhesion and migration of leukocytes through the

endothelium towards inflamed sites and are under investigation as
biomarkers of vasculopathy in JIIM®?*1°2, These molecules are mainly
secreted by activated endothelial cells, highlighting the association
of these molecules with vasculopathy in JDM. The soluble forms of
these molecules maintain many of the functions and the structure
of the cell-bound adhesion molecules and are therefore of interest
as potential therapeutic targets.

Therole of interferon and immune cells

A strong interferon type I signature has been extensively implicated
as a characteristic feature of JIIM, including studies of patient blood,
muscle and skin”'°*7%, Type Il interferon has also been associated
withJIIM'¢, Both type l and Il interferons originate as viral interfering
proteins; several typelinterferons exist (including IFNocand IFN), all of
whichbind to the typelinterferonreceptor'”’, whereasIFNyis the only
typellinterferon and bindsto the separate type Il interferon receptor.
Several different assays exist that assess the levels of interferon types|
and II, the downstream targets and related biomarkers (Table 2).

In parallel to the interferon pathway, both innate and adaptive
immune dysregulation are thought to contribute toJIIM. The presence
of MSAs and their association with distinct clinical phenotypes (which
differ between juvenile and adult-onset disease®?) strongly implicate
arole for B cells in disease. Notably, in an international trial of adult
and juvenile IIM, B cell depletion appeared to have clinical benefit in
patients withJDM, according to asub-analysis'®. In additional to clini-
cal phenotypes, specific MSAs are also associated with pathological
conditions and patterns of inflammatory infiltrate in muscle biopsy
samples®®. Inastudy of CXCR5* follicular helper T (Tg,) cellsin patients
withJDM, the cells were skewed towards T helper 2 (T;2) and T helper 17
(T,17) cell phenotypes'®, which might drive B cells towards autoanti-
body productionand a pro-inflammatory phenotype. A separate study
confirmed skewing of the T cell compartment towards a T,;17 pheno-
typeinjuvenile, adolescent and adult patients with dermatomyositis™’.
Inflammatory T cells, B cells and tissue macrophages are all present in
theinflamed muscle of patients withJDM'"'>, An analysis of peripheral
bloodB cellsin patients withJDM showed that apopulation ofimmature
transitional B cells (CD19*CD24"CD38" cells) is expanded during active
disease and correlates with disease activity'*. Transcriptional and
functional analyses have confirmed that these immature transitional
B cells have an upregulated IFNa signature that is associated with an
abnormal ratio of IL-6 to IL-10 production, suggesting that these cells
are driven towards a pro-inflammatory phenotype that hinders the
immunoregulatory properties of the cells™.

Theinflammatory T cell and B cell infiltrate within muscle biopsy
samples (which is typically perivascular) correlates with interferon-
driven MxA expression and drives the inflammatory domain score
of aJDM muscle biopsy score*®'°*™ This muscle biopsy score has
prognosticvalueinpredicting treatment and disease**'". Tissue macro-
phages in JDM muscle are highly pro-inflammatory and secrete both
cytokines and pro-inflammatory molecules, including calprotectin'?,
In an immunofluorescence analysis of muscle biopsy samples, the
expression of IFNyand HLA class Il molecules was increased in patients
withJDM not undergoing treatment compared with healthy individuals,
andthetypelandtypellinterferonscores were associated with muscle
infiltration by endomysial and perimysial CD3" cells, as well as with
CD68" cells, and perifascicular atrophy of the muscle'. Transcriptomic
analyses suggest that skin lesions of patients with JDM contain higher
numbers of macrophages and CD4* memory T cells than non-lesional
skin and share a similar gene expression pattern to skin lesions from
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Table 2 | Studies demonstrating the type | interferon signature in JIIM

Methods Sample Findings Ref.

Type l interferon protein

Single-molecule array (Simoa) IFNa  Plasma and serum  Higher IFNa levels in patients with JDM (n=43) than in healthy individuals (n=20) 104
assay (digital ELISA technology)

Interferon-stimulated gene transcripts and interferon scores

qPCR Whole blood (PAX  75% of 101 measurements in 59 patients with JIIM showed upregulation of ISG transcripts 227
gene tubes) (IFI27, IFI44L, IFIT1, ISG15, RSAD2 and SIGLECT) above a pre-determined cut-off point
Muscle IFNa and/or IFNB-inducible genes, IFNy and IFNy-inducible gene expression were higher in 106
patients with JDM (n=27) than in patients with muscular dystrophy (n=24) or healthy individuals
(n=4)
NanoString Technologies™ Whole blood A 28-gene ISG score in patients with active JDM (n=57) correlated with muscle and joint disease 79
(PAXgene tubes)
Microarray and gPCR Skin Skin lesions in patients with JDM had a strong interferon signature (including the expression 15

of CXCL10, CXCL9 and IFI44L) and the interferon signalling pathway was identified as an
important canonical pathway

RNAseq PBMCs Patients with new-onset JDM (n=21) had a higher ISG score (5 gene score: MX1, IFI44, IFI44L, 228
LY6E, IFIT3) than patients with muscular dystrophy (n=7), healthy individuals (n=6 children,
n=9 adults), or patients with JDM in remission (n=10)

PBMCs PBMCs from untreated patients with JDM (n=11) had a strong type | interferon signature that 105
was associated with disease activity scores

Muscle and skin The transcriptomic profile of the muscle and skin of patients with JDM (n=4) included
enrichment in the type | interferon signature

B cells Enrichment of the IFNa response pathway. Upregulation of TLR7 and IRF7 expression in s
patients with JDM prior to treatment (n=10) compared with in patients with JDM following
treatment (n=9)

Gene expression meta-analysis Muscle and skin Meta-analyses was performed on six publicly available microarray data sets for muscle 229
(that included data from 71 patients with dermatomyositis and 36 controls) and skin (from
77 patients with dermatomyositis and 22 controls). 94 genes were upregulated in JDM across
both tissues, which included genes involved in type | and Il interferon signalling and MHC
class | pathways

Interferon-driven proteins

Multiplex immunoassay Plasma The expression of galectin-9, CXCL10 (also known as IP-10) and TNF receptor 2 (TNFR2) 230
were increased in patients with active JDM (n=25) compared with healthy children (n=14)
or children with non-autoimmune muscle disease (n=8)

Serum Galectin-9 and CXCL10 outperformed creatinine kinase in distinguishing between patients with 231
active JDM with patients with JDM in remission, and these markers were sensitive and reliable
markers for disease activity in JDM in three cohorts (1=120)

Serum Analysis of two independent JDM cohorts (=30, n=29) showed that patients with JODM 232
who had high serum levels of CXCL9, CXCL10, TNFR2 and galectin-9 might be more
likely to respond poorly to standard treatment than those patients who had low levels of
these markers and these chemokines correlated with disease activity and measures

of vasculopathy
Multiarray detection system and Serum The expression of IFNa, IFNAT and IFNy, MCP1, CXCL10 (IP10), TNFR2 and Galectin-9 were higher 6
ELISA in patients with JDM (n=90) than in healthy controls (n=70). The expression of IFNA1, MCP1,

CXCL10 and galectin were increased in active disease compared with disease in remission,
and these markers correlated with disease activity and measures of vasculopathy

Flow cytometry Blood monocytes  Patients with new-onset JDM (n=21) and a high expression of Siglec-1 were at an increased risk 228
of intensification therapy 3 months after diagnosis compared with healthy individuals (n=6
children, n=9 adults) and patients with JDM during follow-up (n=10)

Immunohistochemistry Muscle The expression of MxA was identified in >50% of samples from patients with JDM and was 103
associated with greater muscle weakness

ELISA, enzyme-linked immunosorbent assay; ISG, interferon-stimulated gene; JDM, juvenile dermatomyositis; JIIM, juvenile idiopathic inflammatory myopathy; MSA, myositis-specific
autoantibodies; MxA, myxovirus-resistance protein; PBMCs, peripheral blood mononuclear cells; gPCR, quantitative polymerase chain reaction.

patients with childhood-onset SLE™, including a prominent typel  elusive. More work is needed to understand these mechanisms: high-
interferon signature. However, the factors most importantindriving  resolution techniques (such as single-cell transcriptional analyses by
thetypelinterferonsignature andimmune cell dysregulationremain  RNA sequencing) for assessing skin, muscle and blood samples, as
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well as differential transcriptional expressionin specific cell lineages,
in parallel with functional studies inJDM, are ongoing and will gener-
ate important mechanistic insights into the interferon signature, its
relation to other dysregulated pathways and how these processes are
impacted by treatment or disease activity.

Neutrophils, NETs and mitochondrial dysfunction

Neutrophils, an essential component of the innate immune system,
can produce neutrophil extracellular traps (NETs) that comprise DNA-
histone complexes and other released proteins. The role of NETs is to
help to capture, degrade and kill pathogens (such as bacteria)®. Various
studiesimplicate dysregulated neutrophil pathways, including NET for-
mation, inJDM. For example, amuscle biopsy analysis found increased
amounts of NET remnantsin patients withJDM compared with healthy
individuals, which was more evident in patients with calcinosis'”. In a
concurrent study, the level of circulating NET complexes was also higher
in patients with JDM than in healthy individuals"® and correlated with
disease activity and the presence of anti-MDAS5 antibodies, but con-
versely did not correlate with calcinosis™"®. In one of these studies, NETs
were shown to contain mitochondrial DNA (mtDNA)"”, whichis notable
as studies in SLE have shown that mitochondrial dysfunction leads to
the extrusion of oxidized mtDNAin NETs, whichinturninduces antypel
interferon response™. Indeed, gene expression network analysis of
muscle hasimplicated arole for mitochondrial dysfunctioninJDM, and
arecent study demonstrated that abnormal mitochondrial functionin
monocytes (including the presence of enlarged mitochondrial networks
or ‘megamitochondria’) in patients withJDM leads to the production of
oxidized mitochondrial DNA and drives further type linterferon produc-
tion?*"* Furthermore, anti-mitochondrial autoantibodies are presentin
the serum of some patients (1% (4/371) of patients in one enzyme-linked
immunosorbent assay (ELISA)-based analysis)'??. This growing body
of evidence supports the involvement of mitochondrial dysfunction
inJDM pathogenesis and in type l interferon-mediated inflammation.

ER stress

JDM is characterized by an increased expression of MHC class I mole-
culesonmuscle fibres, whichis thought tobe driven by both type land
type llinterferon signalling'®*'?*, Accumulation of class IMHC proteins
canresultin ER stress and canlead to cell death**. ER stress might also
synergise with factors secreted by infiltrating myeloid cells, such as
myeloid-related protein 8 (MRP8), MRP14 and other endogenous TLR
ligands, to further damage the muscle™. For example, in one study, con-
centrations of MRP8-MRP14 complexes were significantly increased
inthe serum of patients withJDM compared with age-matched healthy
controls (P> 0.05); further analysis suggested that these inflammatory
proteins were secreted by CD68* myeloid cells and synergized with ER
stress to promote the production of IL-6 and MCP1in the muscle™?.
In a separate muscle biopsy analysis, the muscles of adults with IIM
contained higher levels of proteins involved in the ER stress-induced-
autophagy pathway (such as the ER chaperone protein glucose-
regulated protein 78 (GRP78)) than muscles of individuals lacking any
myopathicfeatures, which correlated with levels of autophagy, muscle
damage and disease activity'”. These studies demonstrate that ER stress
might have animportant role in JIIM pathogenesis.

Diagnosis

The diagnosis of JIIM requires careful evaluation of a number of clini-
cal features, supported by a combination of laboratory, radiological
and histopathological investigations. A Single Hub and access point

for Paediatric Rheumatology in Europe (SHARE) initiative-based con-
sensus guideline has set out recommendations for the diagnosis of
JIIM, including investigations to differentiate JIIM from other causes
of muscle weakness, to confirm a diagnosis of JIIM and to determine
the presence of organ involvement'?. A similar process has been fol-
lowed by the Paediatric Rheumatology Association of Japan and the
Japan College of Rheumatology to produce a clinical practice guide-
line, recognizing that the frequency of complications and drug use
differs among Europe, the USA and Japan'”. Diagnostic testing has
beendiscussed in detail elsewhere®, and therefore a full description of
diagnostic work-up will not be repeated here but mightinclude formal
evaluation of muscle strength, detailed cutaneous assessment, testing
for muscle enzymes or other parametersin the blood and performing
pulmonary function tests, electrocardiography, echocardiography and
radiological investigations. In this section we discuss notable changes
inpractice over the past decade, particularly relating to the role of MRI,
muscle biopsy and MSAs®'%¢,

MRIis now favoured as a diagnostic tool, but muscle biopsy also
remains important, particularly in the absence of skin rash or when
presentationis atypical'**. When performed, use of astandardized JDM
biopsy score s helpful in quantifying the severity of histopathological
abnormalities, and together with MSA status, might help to predict the
disease course*s112,

Amajoradvance over the last decade has been the routine use of
MSAs to aid the diagnosis of JIIM, to help to define or predict disease
phenotype and to develop a more personalized approach to man-
agement®'?*'?? (although the absence of an MSA does not rule out
JUM>128839) A recent survey of members of the International Myositis
Assessment and Clinical Studies (IMACS) group found that over 80%
of participantsreported that MSA testing increased their confidence
inthe diagnosis and information that they gave to patients on prog-
nosis'?®, However, more than 90% of respondents expressed the
need for more education on the interpretation of antibody results'*.
The MSA-MAA profile might influence the investigative screening
or treatment decisions by indicating the risk of a chronic disease
course or specific complications such as ILD or calcinosis (Table 1).
Results of MSA-MAA testing can vary depending on which technique
is used, with some techniques not reliably detecting certain MSAs,
as described in Table 1. Measurement by immunoprecipitation is
considered the gold standard, but is expensive and time consuming
and additional testingis required to differentiate between the pres-
ence of anti-NXP2 antibodies and anti-MDAS antibodies™'. Other
techniques used in practice include line blot, dot blot, commercial
multiplex assays, ELISAs and gel precipitation. Line blot isatechnique
thatis cheap and rapid to perform, but false positives can occur, and
this technique does notreliably detect anti-TIF1 (ref. 130) antibodies,
which is the most common MSA in JIIM*°32 ELISA is a reliable test
for detecting anti-TIF1 antibodies and produces a fast and quanti-
tative result, but multiple assays might be required to test for all
MSAs. Some MSAs are cytoplasmic and therefore MSAs can still be
present when an antinuclear antibody (ANA) test result is negative.
The staining pattern seen on human epithelial type 2 (HEp-2) cells
can be used, along with the clinical phenotype, to help ascertain if
the results of MSA testing are correct™. False-positive results should
be considered if more than one MSA is reported as positive, or if the
MSA result does not fit with the HEp-2 staining pattern or expected
clinical phenotype. Repeating a test using the same technique is
rarely useful and inambiguous cases a different testing technique or
specialist laboratory is preferable. Further details on the expected
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Pulmonary involvement or ILD

o Risk increased with anti-MDA5,
anti-ARS or anti-Ro52 antibodies

e Increased risk in myositis overlap
syndromes

Severe skin disease

e Skin ulceration

» Widespread oedema or anasarca

» Worse skin disease with anti-TIF1
or anti-MDAS5 antibodies

o Risk of calcinosis increased with
anti-NXP2 and anti-PM/Scl
antibodies

Bulbar weakness or

gastrointestinal vasculopathy

» Gastrointestinal vasculitis or
perforation

» Dysphagia (aspiration risk)

e Increased risk of dysphagia with
anti-NXP2, anti-SRP, anti-HMGCR
or anti-SAE antibodies

e Patients positive for anti-SRP or
anti-SAE antibodies might also
be at an increased risk of
dysphagia

Fig. 2| Clinical features and autoantibody profile in JIIM indicative of

severe disease and/or need for treatment escalation. Owing to the rarity and
heterogeneity of juvenile idiopathy inflammatory myopathy (JIIM), children

and young people should be managed by a multidisciplinary teamin a specialist
centre. To predict the severity of the disease and the potential need for treatment
escalation, many factors are considered, asillustrated, including the presence or
absence of severe muscle weakness, dysphagia, ulcerative skin disease or major
organinvolvement. The myositis-specific autoantibody (MSA) and/or

CNS involvement

o CNS vasculitis (seizures and
hallucinations)

e Retinal vasculopathy

Cardiac involvement

£ e Increased risk of
cardiopulmonary involvement
in myositis overlap syndromes

e Patients positive for anti-SRP
antibodies possibly have an
increased risk of cardiac
disease

Muscle involvement

» Severe weakness: CMAS <15 or
MMT-8 <30

» Muscle cell necrosis or severe
inflammation on muscle
biopsy

o IMNM phenotype (positivity for
anti-SRP or anti-HMGCR
antibodies or MSA negative)

myositis-associated autoantibody (MAA) profile might predict the risk of
JIIM-related complications, including major organ involvement. Some features
associated with specific MSAs or MAAs are shown, but specific complications
are not exclusive to patients with these MSA-MAA profiles and not all patients
witha particular MSA-MAA profile will demonstrate these complications.
CMAS, childhood myositis assessment scale; G, gastrointestinal; ILD, interstitial
lung disease; IMNM, immune-mediated necrotizing myopathy; MMT-8, manual
muscle testing in eight muscle groups.

HEp-2 cells staining pattern and challenges with MSA testing are
summarized in Table 1.

Management

The treatment of JIIM needs to consider the disease severity of the
patient, including the presence of systemic and/or organinvolvement
and the disease phenotype. As well as these features, the MSA-MAA
profile caninform the management and treatment of the patient, given
the associations of specific MSAs and MAAs with clinical phenotypes,
prognosis and risks of complications (Fig. 2). Treatment decisions are
best madeinaspecialist paediatric centre by amultidisciplinary team,
owingto therarity and heterogenicity of the diseases?*'**. Consensus
guidelines provide a framework for health care professionals on the
basis of the best possible evidence available'**'**, A 2022 evidence-
based British Society for Rheumatology guideline for childhood and
adult-onset myositis, and a previous European consensus recommen-
dation for JIIM, emphasize the need for a safe and effective exercise
programme and attention to psychological wellbeing in addition to
drug therapies for the management of JIIM"**"**, The Childhood Arthri-
tis and Rheumatology research Alliance (CARRA) guideline provides
Consensus Treatment Plans for different severity levels of juvenile
myositis”* %, Treatments for JIIM have been well described in reviews
elsewhere®'2237138 A suggested treatment algorithm based on the
best available current evidence and integrating current recommenda-
tions from the various guidelines is shown in Fig. 3. In this section, we

outline various drug-related and non-medication-related aspects in
the management of JIIM.

Medication

A combination of high-dose corticosteroid in combination with metho-
trexate (15-20 mg/m? maximum 40 mg/week) is the first-line induction
treatment for most cases of JIIM23313° Methotrexate is favoured over
ciclosporinasithas amore favourable adverse effects profile; however,
both medications, when used with prednisolone, were superior to
prednisolone alone in a multi-centre randomized trial of 139 patients
with new-onset JDM™, Clinicians have the choice of oral predniso-
lone (12 mg/kg/day with ceiling doses applied, typically capping at
60 mg/day) or intravenous methylprednisolone (10-30 mg/kg/day,
maximum of 1 g/day)™¢"****™ Intravenous administration might result
in an increased therapeutic effect and less toxicity than with an oral
corticosteroid and should be considered, especially when there are
concerns about gastrointestinal absorption'?*'*, Intravenous meth-
ylprednisolone might have the additional benefit of reducing skin
disease more rapidly than oral prednisolone'..

Evidence is lacking to determine the best second-line treatment
when the combination of corticosteroids and methotrexate does not
adequately control disease or patients areintolerant to methotrexate.
Head-to-head comparisonstudies are needed. In the absence of current
evidence, CARRA have developed a series of consensus treatment plans
to limit treatment variation among patients and enable comparative
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effectiveness studies from registry data’*"**'*>, Some evidence, in the
form of case series involving small to moderate numbers of patients,
supportsthe use of mycophenolate mofetil (MMF) for the treatment of
skin or muscle disease*™*°, Evidence for the use of azathioprine comes
from historical studies that included small numbers of patients, and
althoughthis drug canbe used as anadjunctive treatment, it has become
less favoured over the last two decades for the treatment of IM in paedi-
atric practice’”*%, Some evidence is available on the use of tacrolimus
to treatJIIM but s limited by the small number of patients involved**"",
Adultdatasuggest that tacrolimus or ciclosporin alongside corticoster-
oids shouldbe considered for patients with myositis-associated ILD, and
although these data are often extrapolated to]JIIM, insufficient dataare
available toformevidence-based recommendations for this complica-
tion in childhood-onset disease'*. Data from case series of adult and
paediatric patients suggest that cyclophosphamide or rituximab could
be consideredwhenILDis present and should be used early, potentially

as partofaninduction regime'®, Although no standardized treatment

guidelines are available on the management of ILD in adult patients with
IIM, asummary of evidence and treatment approach hasbeen presented
inareviewand, inthe absence of evidence inJIIM, might provide useful
guidance in the treatment approaches for childhood-onset disease'™.
Inthis review, the authors suggests that corticosteroids are used as the
initial treatment for acute disease followed by MMF or azathioprine as
first-line steroid-sparing agents. Tacrolimus is suggested as an appro-
priate second-line steroid-sparing agent for patients with disease that
is refractory to MMF or azathioprine, or for select patients with severe
disease. Cyclophosphamideis proposed as a third-line steroid-sparing
agent.IVIG or rituximab are advocated as appropriate adjunctive agents
incombinationwith traditional steroid-sparing agents for patients with
refractory disease™”.

Intravenous immunoglobulin (IVIG) might be a helpful adjunct for

severe or refractory skin disease, muscle inflammation or dysphagia'.

At the time of JIIM diagnosis

I l

Medications

Exercise therapy

Induction:
first-line therapy

|

Adjunctive therapy

Severe disease: first- or
second-line therapy

» Safe and appropriate exercise
programme that is monitored by
a physiotherapist or an
occupational therapist

Exercise and/or rehabilitation to
be encouraged regardless of
disease activity, with the aim of
improving psychological
wellbeing and cardiorespiratory
fitness

Where relevant, targeted
exercises to improve grip
strength, because of the
negative impact of poor grip
strength on activities of daily
living and quality of life

High-dose corticosteroid (oral or
intravenous) and methotrexate
(preferably subcutaneous) with or
without IVIG

Second-line therapyJ

Add or change to IVIG, MMF,
ciclosporin, tacrolimus,
azathioprine, or cyclophosphamide

disease disease

Consider rituximab,

infliximab or adalimumab DMARD therapy. Consider
adding IVIG or rituximab or
l hydroxychloroquine. Topical

Consider JAK inhibitors
or abatacept (limited

evidence in JIIM) skin lesions

Maintenance
therapy

« Wean off corticosteroids
« Maintain DMARD therapy until disease is
corticosteroids) for at least 1 year

Refractory systemic \ ‘ Refractory skin ‘

Maximize corticosteroid or

tacrolimus or topical
< corticosteroids for localized

Cyclophosphamide (with
corticosteroids with or without
methotrexate) might be indicated
for extensive ulcerative skin disease
or major organ involvement

|

Change cyclophosphamide to
alternative DMARD as disease
improves

|

in complete remission (without

o Access to a multi-disciplinary
team, including a health
psychologist

» Encourage the use of sunblock
(with a high factor and high star
rating) and avoidance of sun

» Topical tacrolimus or topical
corticosteroids might help
localized skin disease, itching
and/or symptomatic redness

 Vitamin D and calcium
supplements, and management
of bone health

Fig.3| Treatment algorithm for JIIM on the basis of current available
evidence. A treatment algorithm for juvenile idiopathicinflammatory
myopathy (JIIM) is presented, based on evidence-informed consensus
recommendations in UK and Europe'**"**, Treatments need to be individualized
andinclude consideration of the patient age, preferences for oral or parenteral
administration of medications, severity of disease and response to treatment.
No single approach will be right for every patient and clinicians need to use best
judgement on the basis of evidence available. In most cases, with the exception
of randomized controlled trials evaluating methotrexate versus ciclosporin,
rituximab or exercise in myositis, evidence is limited to case series or cohort
studies. More research is needed to compare the efficacy of second-line or
third-line treatment options and determine the best treatment approach for

myositis-related complications such as interstitial lung disease (ILD) or calcinosis.
More evidence s also needed to determine the best treatment for refractory
disease, which can be defined as myositis that responds inadequately to at least
two immunosuppressant orimmunomodulatory drugs given in their full dose
foraminimum of 3 months, hindering weaning of corticosteroid. Patients with
JIIM should have regular reviews that include measurement of muscle strength,
assessment of skin disease and extra-muscular manifestations. Adherence to
medication should be checked if patients fail to respond as expected. Treatment
should be escalated if patients fail to respond adequately to treatment or
areintolerant to the treatment. Exercise therapy and psychological support are
important aspects to the management of JIIM in addition to medication. IVIG,
intravenous immunoglobulin; JAK, janus kinase; MMF, mycophenolate mofetil.
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In a randomized placebo-controlled 16-week trial of IVIG in adult
patients with dermatomyositis (the ProDERM trial), a higher propor-
tion of patients in the IVIG treatment group reached the primary out-
come of total improvement score (a composite measure of disease
activity) of atleast 20 (indicating at least minimal improvement) than
inthe placebo control group (P < 0.001)***. Although evidence in adult-
onset disease includes randomized trials, evidence in JIIM is mostly
limited to cohortstudies or case series™ ™. Interpreting observational
evidenceis challenging owing to the use of concomitant therapies, the
variable doses or treatment courses of IVIG used and the small numbers
of patientsinvolved. In one notable study, the researchers applied bias
reduction methods to assess the efficacy of IVIG in a retrospective
cohort of 78 patients withJDM, demonstrating that IVIG was efficacious
incontrolling severe or refractory disease, particularly in those patients
who had steroid-resistant disease™®. Otherimmunomodulating drugs
havealsobeenreported toimprove symptoms of dysphagia orimprove
objective measures of swallowing function. Cyclophosphamide
tendstobereserved for more severe or refractory diseaseinview of the
toxicity of this drug, but might be considered in cases of major organ
involvement, including ILD or ulcerative skin disease'®'331>158160.161,
Despite a lack of evidence from randomized controlled trials, the use
of IVIG or cyclophosphamideis supported by case reports, case series
and analysis by marginal structural modelling™"¢°,

Evidencerelated to the treatment of skin manifestationsin]JlIIM is
limited, butIVIG or rituximab can be used to treat skin manifestations
refractory to corticosteroid and DMARDs"**"*"*8 In the ProDERM trial,
IVIG was efficacious inimproving skin disease activity in patients with
adult-onset dermatomyositis, as measured by the modified Cutane-
ous Dermatomyositis Disease Severity and Activity Index'*. Despite
the relative lack of evidence for use of hydroxychloroquine in JIIM,
limited to case series with small numbers of patients, this drugis often
used as an adjunctive treatment for skin disease and arthritis'®*'¢*,
Hydroxychloroquineisincluded in the CARRA Consensus Treatment
Planfor skin predominant disease'*>. However, in a prospective study of
184 children with JDM treated at asingle children’s hospital, although
hydroxychloroquine was often administered to those patients with
higher skin activity scores, the drug did not lead to any statistically
significant improvement in skin rash by the end of the observation
period. Topical tacrolimus (0.1%) or topical corticosteroids might
help localized skin disease, particularly for symptomatic redness or
itching'®.

The use of biologics in JIIM has been summarized elsewhere in
a systematic review'®. Rituximab treatment for refractory muscle
or skin disease is supported by one randomized controlled trial and
various case series or cohort studies'**'**""° In the Rituximab in Myosi-
tis randomized controlled trial, despite failure to meet the primary
or secondary endpoints, 83% of the patients met the definition of
improvement'®®, Datawere reported in aggregate but post hocanalyses
suggested that patients with JIIM were more likely to respond to treat-
ment than those patients with adult-onset myositis'®*'°®, The presence
ofanti-Mi2 antibodies, anti-synthetase antibodies or other undefined
autoantibodies were other predictors of a beneficial response, but
anti-Mi2 antibodies and anti-synthetase antibodies are lesscommonin
JIIM than in adult disease'®>°*'%8, In this trial, rituximab treatment also
led to improvement in cutaneous disease'®®. Evidence in adult-onset
myositis (that is, data from retrospective and prospective studies
rather than randomized controlled trial data) suggests that rituxi-
mab might be helpful in [IM-related ILD, but more data are needed
inJ”M64'133'152.

Data from case series and cohort studies suggest that TNF
blockade by infliximab or adalimumab can be helpful for refractory
muscle or skin disease, including calcinosis'*>"”'”, In an open-label
12-week trial of the TNF inhibitor etanercept, the drug showed no
appreciable benefit in nine patients with refractory JDM"*, whereas
etanercept had asteroid-sparing effectin arandomized double-blind
placebo-controlled 52-week trialinvolving 16 patients with adult-onset
IIM"¢, In rare instances, TNF inhibitors have been reported to induce
myositis or cause disease flares in adult patients with IM7"7%, Although
TNFinhibitors, particularly adalimumab or infliximab, might be help-
fulin some patients with]JIIM, evidence from a systemic review suggest
that treatment with these drugs does not lead to complete remission
and better treatments are needed'®. Abatacept has demonstrated
efficacy inarandomized controlled trial in adult onset myositis"”® and
inanopen label therapeutic trial in JIIM', Abatacept might be helpful
for the treatment of resistant disease, including calcinosis!7*1152,

JAK-STAT inhibitors target the interferon pathway and show clear
promise in the treatment of [IM-related muscle, skin and lung dis-
ease”**'®3, A number of reports have highlighted the potential safety
and efficacy of JAK inhibitors (including tofacitinib and baricitinib)
in treatment-resistant adult IIM”%*, In JIIM, various JAK inhibitors
(including baricitinib, tofacitinib and ruxolitinib) have shown prom-
iseinnumerous case reports and case series, predominantly involving
patients with refractory muscle or skin disease that is unresponsive to
alternative immunosuppressive treatment(s)*'*'**"'¥, These studies
have been carefully reviewed in a systematic review elsewhere, which
described 48 publications reporting 145 unique patients (including
61 cases of JIIM) with refractory disease at baseline and demonstrated
that treatment withJAK inhibitorsled toimprovementinawide range
of manifestations, including of the skin, muscle and lungs’. As well
as providing evidence on the clinical efficacy of JAK inhibition, these
studies suggest that JAK inhibitors can modulate the disease at an
immunopathogenic level, as demonstrated by the downregulation
of interferon biomarkers, the type I interferon signature and STAT1
phosphorylation in T cells and monocytes to similar levels to that in
healthy individuals® "%, These encouraging results suggest that
JAK inhibition could be an effective, targeted treatment for JDM, and
highlight the importance of confirming these findings in clinical
trials7,18’;,188'

An important challenge inJIIM is the treatment of calcinosis.
Some evidence is available on the use of DMARDs, medications that
affect calcium and phosphorus metabolism, mechanical therapies
and adjunctive therapies in the treatment of calcinosis in JIIM, as
reviewed elsewhere'™ "', However, the available evidence is limited
and largely based on case reports or case series, cohort studies or
limited controlled studies. A major unmet need exists for animproved
understanding of calcinosis pathogenesis, for standardized tools to
measure calcinosis and for efficacious treatment of this burdensome
complication®**°, Consensus guidelines advocate for early aggressive
treatment at disease onset to decrease the long-termrisk of calcinosis,
as well as consideration of an early increase in treatment of ongoing
disease activity and intensifying immunosuppressive therapy in the
presence of calcinosis'?****, Other than associations with some MSAs,
as described above, evidence on risk factors for calcinosis is limited,
but asingle-centre retrospective study of 172 patients identified nail-
fold capillary abnormalities at baseline as arisk factor for calcinosisin
univariate and multivariate analysis'”>. Some data are available on the
histopathological and chemical composition of calcinosis, genetic
and inflammatory markers in [IM-associated calcinosis and potential
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biomarkers of this complication, which have beenreviewed in further

detail elsewhere'.

Exercise

Cardiorespiratory fitness can be impaired in patients with JIIM during
bothinactive and active disease and in patients with both monocyclic
and polycyclic disease courses owing to factors such as cardiovascu-
lar deconditioning and reduced thoracic compliance'* "%, Studies,
including a randomized controlled trial in children and adolescents
withJDM, have demonstrated the safety and efficacy of exercise train-
ing programmes, including the positive effects of these programmes
on health-related quality of life’*", Hence, the management of JIIM
shouldinclude a safe and appropriate exercise programme that is led
and monitored by a specialist physiotherapist and/or occupational
therapist'®'>,

Some dataare available on the efficacy of interventions to reduce
fatigue in paediatric conditions such asJIIM, including land or aquatic-
based exercise, medications and psychological interventions, which
have been evaluated in a systematic review elsewhere?”>; however, in

Box 1

this study, the efficacy of currentinterventions to reduce fatigue could
not be established owing to insufficient evidence. Fatigue is multi-
dimensional and does not necessarily always correlate with disease
activity and is instead strongly associated with biological, lifestyle,
psychological and social factors®®. Further multidimensional inter-
vention studies are needed to identify the best management of this
troublesome symptom.

Psychological support

JIIM has a notable impact on the emotional health of young people
and their families*>*°* Mental health issues, most commonly anxi-
ety and depression, are reported frequently by children and young
people with JIIM?°*?%, Psychological wellbeing, psychiatric comor-
bidities and health-related quality of life should be assessed using
age-appropriate tools'. Access to mental health provision, ideally
embedded within paediatric rheumatology services so that young peo-
ple feel that counsellors understand their disease, is paramount?**2°¢,
Factors that impact negatively on the health-related quality of life of
patients, including pain, muscle weakness, functional impairment or

Challenges in the management of JIIM

JIIM as a group are rare conditions
Challenges
e Randomized controlled trials (RCTs) are challenging
o Within JIIM, rare sub-phenotypes or patients with severe disease
are often excluded from clinical trials
e Children and adolescents are often excluded from clinical trials
of idiopathic inflammatory myopathies

Mitigated by
¢ International collaboration through PRINTO and IMACS
has led to successful RCTs and other important research
studies
e All clinical trials are advised to have a paediatric investigational
protocol

Evidence is lacking
Challenges

e Head-to-head comparison studies are needed to determine the
best second-line treatment for JIIM
A paucity of evidence-based data is available for patients with
refractory disease
Evidence is lacking to determine the best treatments for skin
disease, calcinosis or disease involving vital organs
e An unmet need exists to better understand the pathogenesis
of calcinosis and define standardized assessment tools
The division of trials into ‘adult’ and ‘paediatric’ trials artificially
dichotomizes the evidence base

Mitigated by

¢ Evaluation of the disease course through practice and registry data,
including the use of CARRA-developed consensus treatment plans

e Collection of data and biospecimens within disease registries and
the development of a consensus core dataset to enable uniform
data collection and comparison across groups

¢ Development of evidence-informed consensus guidelines, such
as SHARE and/or BSR guidance on the management of IIM

e Collaborative working of the PReS JDM working party, CARRA JDM
working group, IMACS and iMYoS

Lost opportunity for long-term data collection
Challenges
e Continuity of long-term data in research registries might be lost
when young people transition to adult services
e Ensuring continuity of data across the life course is crucial to
better understanding the long-term risks of disease, such as the
impact of disease on cardiovascular risk, fertility, mental health,
education level and employment

Mitigated by
e Research registries such as MYONET (formally Euromyositis) and
some country-specific registries enable data collection across
paediatric and adult registries
o Attempts have been made to develop strategies to enable data
sharing (while protecting data ownership and governance) but
need to be developed further

BSR, British Society for Rheumatology; CARRA, Childhood Arthritis and Rheumatology Research Alliance; IMACS, International Myositis Assessment & Clinical
Studies Group; IMyoS, The International Myositis Society; JIIM, juvenile idiopathic inflammatory myopathy; PRINTO, Paediatric Rheumatology International Trials
Organisation; SHARE, Single Hub and Access Point for paediatric Rheumatology in Europe.
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physical disability, poor sleep and fatigue, should be managed
appropriateIy25,133,207,208.

Assessment of disease activity and treatment response
Disease activity should be measured ina quantifiable way in both clini-
cal practice and clinical research studies to determine changes in dis-
ease activity over time and response to treatment. Tools to measure
disease activity have been comprehensively reviewed by others>?%,
The International Myositis and Clinical Studies group and Paediatric
Rheumatology International Trials Organisation (PRINTO) have devel-
oped core setsto measure disease activity and damage, predominantly
foruseinresearch studies or clinical trials'****, The ability to robustly
defineresponse to therapy is crucial for conducting clinical trials and
hasbeen addressed by the development of ACR-EULAR response crite-
ria”>?", To define the optimal set of items collected in clinical practice to
enable entryinto research registries and comparison of data over time,
aninternational collaboration has defined a consensus core dataset
that is in use by several major registry studies™**?"*, Consensus rec-
ommendations advise the routine use of measures such as the Manual
Muscle Testing in eight muscle groups (MMT-8) tool and the Child-
hood Myositis Assessment Scale (CMAS) to assess muscle strength and
function'. Age-specific considerations need to be takeninto account
when using tools that measure muscle strength, function and quality
of life'. For example, for the CMAS, results for head-lift, leg-lift and
sit-up manoeuvres are dependent on the age of the patient and very
young children should not be expected to achieve a score of 52, even
when disease isinactive?>?'¢, Ashortened version of the MMT-8 tool that
tests four (MMT-4) or six (MMT-6) muscle groups and ahybrid version
thatincludes all eight items of the MMT-8 tool and three items from the
CMAS have demonstrated good measurement properties and might be
more suitable than MMT-8 or CMAS for routine clinical use?’**. More
workis needed to define and reach consensus on the optimal tools for
assessment of skin disease activity and measurement of quality of life
inJDM™%?* Several tools are currently available, including the Cutane-
ous Assessment Tool, Disease Activity Score and Myositis Intention
to Treat Activity Index, each of which correlates with the physicians’;
skin Visual Analogue Scale?’; furthermore, the Cutaneous Disease
Area and Severity Index has been extensively used in studies of adult
dermatomyositis and might be equally valuable for use inJDM'2%29%220,
The importance of patient-reported outcome measures in out-
come assessment withintrialsand inthe clinicisbecomingincreasingly
recognized. A study that included patients with JDM suggested that
three tools from the Patient-Reported Outcomes Measurement Infor-
mation System are an improvement over the previously widely-used
Childhood Health Assessment Questionnaire (CHAQ) for capturing
patient-reported outcomes®”. Patient-Reported Outcomes Measure-
ment Information System tools can be administered as fixed short
forms or viacomputerized adaptive testing, the latter of which results

inless pronounced floor and/or ceiling effects than fixed short forms*>.

Conclusions

Our understanding and management of juvenile onset myositis has
changed considerably in the past two decades, but numerous chal-
lenges remain (Box 1) and much work is still needed. A deeper appre-
ciation of the underlying mechanisms that initiate and perpetuate
inflammation of the blood vessels, muscles, skin and other organs,
and how inflammatory mechanisms intersect with other aetiological
pathwaysin]IIM, is needed. New insights are becoming available from
studies at asingle-celllevel of gene expression, function and metabolic

profiles. Further studies on the mechanisms of important patient-
reported symptoms, such as fatigue, are also much needed. A vital
aimistoensurethat novel dataonunderlying mechanisms are shared
collaboratively and made accessible to drive the design of biomarker
studies and enable validation studies and meta-analyses. The highly
collaborative nature of myositis research, both basic and clinical,
has enabled major progress thus far, and will support such platforms
through which to generate evidence for new treatments, despite the
rarity of JIIM (Box 1).

This strongly collaborative community, across paediatric, adoles-
cent and adult myositis research, is reflected in the first ‘age-inclusive’
trial in myositis (the Rituximab in Myositis trial)'°%; such a design ena-
bles faster results for children and young people, rather than waiting
for a‘child-specific’ trial for drugs that have been granted a licence in
adults. Progress has also been made using longitudinal observational
data to support so-called ‘trial in silico’ analyses®?; this approach will
become more possible through widespread use of an agreed common
clinical dataset®, whichisembedded in clinical care and large research
registries"”'>*", Translation of this core dataset for use in adolescent
and adult care could facilitate evidence generation on long-term out-
comes, which is currently lacking. Current long-term outcome data
clearlyindicateincreased risks of cardiovascular or pulmonary disease
in patients with [IMs compared with the general population. In the
future, the integration of biomarker and pathogenesis datawith long-
term outcome data of those treated in the modern era will be critical
for informing our patients and their families about comorbidities,
outcomes and the chances of sustained remission.

Ultimately, a combination of a better understanding of disease
mechanisms, biomarkers that accurately track disease activity, includ-
ing subclinical disease, and definitions of outcomes that include the
patient perspective willbe needed to deliver a personalized approach
to managing myositis in children, and in the young people and adults
they become.

Published online: 15 May 2023
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