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ABSTRACT

Juvenile onset idiopathic inflammatory
myopathy (IIM) has many similarities
and distinct differences from adult-on-
set disease. This review will focus on
recent developments in understanding
and treatment of juvenile dermatomy-
ositis (JDM), the most common disease
sub-type of IIM in childhood. JDM is a
systemic immune mediated vasculopa-
thy, increasingly recognised as a group
of distinct phenotypes with variable
presentation and outlook. This over-
view will describe long-term outlook
and disease course including health-
related quality of life and emerging
treatments.

Introduction

The childhood idiopathic inflamma-
tory myopathies (IIM) are rare, seri-
ous chronic conditions of childhood,
of which the most common is juvenile
dermatomyositis (JDM). Recent re-
views have comprehensively described
clinical serological and morphological
features of JDM as well as potential
triggers for JDM, disease pathogenesis
and immunopathogenic implications of
vasculopathy, signs of systemic disease
activity based on affected tissues or or-
gans, diagnostic testing, biomarkers and
monitoring tools, and treatment options
(1-9). This overview will focus on long-
term outcome and emerging treatments
and provide an update on recent evi-
dence for biomarkers which may track
disease activity or be used to stratify
patients. JDM has a pronounced type
I interferon signature and new treat-
ment approaches will take advantage
of this, but more evidence is needed for
the safety and efficacy profiles. With
increased knowledge of pathogenesis,
work is ongoing to define and validate
reliable biomarkers that can be used in
clinical practice to robustly monitor re-
sponse to treatment.

Classification of IIM

Diagnostic criteria for IIM published by
Bohan and Peter over 40 years ago are
still commonly used, despite attempts
to update these criteria to incorporate
immunological/ histopathological ad-
vances and recognising that several of
the criteria rely on diagnostic tests not
routinely performed in children by all
centres (10-12). The sensitivity and
specificity of the Bohan and Peter cri-
teria against appropriate disease con-
founders had not been validated until
recently, when performance of existing
criteria was tested in adult and juvenile
onset IIM as part of the International
Myositis Classification Criteria Project
(IMCCP) (13). Using a data-driven ap-
proach new EULAR/ACR classifica-
tion criteria have been developed and
provide a score and probability of hav-
ing IIM which can be used in clinical
and research settings (13). These crite-
ria were found to be superior to most
previous criteria in sensitivity, speci-
ficity and diagnostic accuracy of IIM,
performing well in juvenile onset and
adult-onset disease. However, due to
limited number of JPM cases, a data-
driven distinction from JDM was not
possible and further work is needed,
with more juvenile onset cases other
than JDM and inclusion of recently
identified myositis specific antibodies
in classification.

Long-term outlook of JDM

Numerous cohort studies evaluate
long-term outcome of JDM but need
to be interpreted with caution. They
capture a large time frame of patient
inclusion or recruitment, when prac-
tice at that time may not reflect current
treatment regimes. Many studies come
from hospital cohorts or specialist cen-
tres and thus may be biased towards
more severe disease, although method-
ology tries to minimise this. Different
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methods are used to capture long-term
outcome, varying from telephone inter-
views with patients to face-to-face eval-
uation using standardised assessment
tools. A number of different assessment
tools are applied, with discrepancy in
definitions of disease course and activi-
ty. Data collection in research registries
may stop when patients enter adult care
and thus true long-term data may not
be captured. Despite numerous cave-
ats, these studies remain useful when
predicting disease outcome or coun-
selling patients and their families. Re-
cent international efforts have led to an
agreed consensus dataset to be applied
across cohort studies and which can be
used in routine clinical care(14). Ef-
forts are ongoing to adopt this dataset
across several large registries includ-
ing Euromyositis, the new Childhood
Arthritis and Rheumatology Research
Alliance (CARRA) registry for JDM
and the UK Juvenile Dermatomyositis
Cohort and Biomarker Study (JDCBS)
(15-17). Once in place, this will greatly
enhance the opportunity to collate reg-
istry data and define outcomes in larg-
er numbers of patients in the modern
treatment era.

Mortality

It is well documented that mortality
rate improved with the introduction of
corticosteroid as a treatment of IIM;
from greater than 30% to 10% in the
early corticosteroid era (18, 19). Some
cohort studies have documented fur-
ther improvements in mortality rate
for IIM to below 4% (17, 20, 21), but
worldwide, mortality is still reported as
high as 5-8% (22-24).

A study specifically looking at mortal-
ity evaluated 405 patients; 329 with
JDM, 30 with juvenile polymyositis
(JPM), and 46 with juvenile connec-
tive tissue disease-associated myositis
(JCTM) in North America, establish-
ing mortality status using the Social
Security Death Index (SSDI, searched
2011). A standardised mortality ratio
(SMR) for JIIM was recorded as 14.4
[95% confidence interval 12.2, 16.5].
Risk of mortality was highest for
JCTM (SMR 66.9), followed by JPM
(SMR 30.7), then JDM (SMR 8.3), but
the low numbers of patients with JPM/
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JCTM in this study meant that confi-
dence intervals were not calculated
(25). Aside from disease subtype, one
of the features most strongly associated
with mortality was the presence of an
aminoacyl-tRNA synthetase antibody.
In multivariate analysis, illness sever-
ity at onset, older age at diagnosis,
weight loss and delay to diagnosis were
also found to be important predictors of
mortality (25).

Disease course

As mortality rates have decreased, the
focus has shifted towards long-term
morbidity and functional outcomes.
Traditionally, disease course has been
described a monocyclic (defined as no
signs of disease activity 2 years post
diagnosis), chronic persistent (disease
activity for greater than 2 years post
diagnosis), or polycyclic (recurrence
of disease activity (=1 flare) after defi-
nite remission for more than 6 months)
(20, 26, 27). In 2000, Huber et al.
questioned whether some patients with
polycyclic disease were truly in remis-
sion or whether they did in fact have
subclinical disease (thus representing
a chronic continuous course) when
sensitive tests such as MRI were used
(26). This theory is backed up in a re-
cent work by Papadopoulou et al. who
showed that in a subgroup of patients
considered clinically to have inactive
disease, circulating endothelial cells
were elevated, suggesting subclinical
endothelial injury and disease activity
not captured by laboratory parameters
used in clinical practice (28).

Studies from Hungary and Western
India have demonstrated a higher pro-
portion of patients with monocyclic
disease course (59-73%) compared
to a persistent or polycyclic course
(23, 29, 30). However, other stud-
ies from Europe and North America
show increased chance (57-93%) of
patients having a persistent (polycy-
clic or chronic) disease course (20,
27, 31-34). It is possible that the lack
of standardised definitions of remis-
sion or disease inactivity contributed to
variability in these studies. To this end,
the Paediatric Rheumatology Interna-
tional Trials Organization (PRINTO)
used a data-driven approach to define

criteria for clinically inactive disease,
published in 2013 (35). Whilst useful,
these are highly weighted towards mus-
cle parameters, with patients needing
to achieve 3 out of 4 criteria including
creatinine phosphokinase (CPK) <150,
Childhood Myositis Assessment Scale
(CMAS) =48/52, Manual Muscle Test-
ing (MMTS) =78/80 or Physician Glob-
al Visual Analogue Scale (PhyGloVAS)
<0.2. When tested in a large UK cohort
(1114 discrete episodes in 258 patients),
a group of patients with ongoing activ-
ity in extra-muscular domains (mainly
skin) would have been classified incor-
rectly as inactive disease if these criteria
were applied. To avoid this, the authors
suggested that the PRINTO criteria be
modified so that PhyGloVAS was an es-
sential criterion (36).

Assessing risk of ongoing

disease activity

We do not yet have robust biomarkers
or prediction models to be able to de-
termine risk of ongoing disease activity
in individual patients, but a number of
factors can be considered that are asso-
ciated with an increase chance of ongo-
ing disease activity.

Mpyositis specific antibodies

Myositis specific antibodies (MSAs)
can be helpful in predicting disease
phenotype or associated risks. There
are comprehensive reviews describ-
ing myositis antibodies, including dif-
ferences in childhood and adult onset
disease, and therefore details will not
be repeated here (5, 37-42). In juvenile
onset disease, the presence of TIF-1, an-
ti-HMGCR, anti-SRP or anti-synthetase
antibodies may suggest risk of a more
severe, chronic or treatment resistant
disease course (1,39, 42). The presence
of anti-MDAS or anti-synthetase anti-
body is associated with increased risk of
interstitial lung disease, as is the myosi-
tis associated antibody Ro52 (1,42,43).
Anti-NXP2 increases risk of calcinosis
across all age groups but children at a
young age also have a high risk of calci-
nosis irrespective of autoantibody phe-
notype (44). The presence of Mi-2 au-
toantibody may suggest the probability
of a milder and shorter disease course
with low mortality (42).
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Immunoprecipitation is considered the
gold standard for detection of the ma-
jority of MSAs but it is only available
at a limited number of specialist labora-
tories and is not correct in all instances
(45). ELISA, line immunoassay and dot
blots are more widely available but dis-
crepancies in test results have been re-
ported with different methods (45-49).
As well as considering MSA results in
the context of clinical phenotype, it is
helpful for clinicians to be familiar with
the immunofluorescent ANA pattern as-
sociated with MSAs. This allows them
to be suspicious of a false positive result
when staining patterns are inconsistent
with the MSA result. Hep-2 immuno-
fluorescent patterns corresponding to
different autoantibody specificities are
well described by Satoh et al. in a re-
cent review (41).

Muscle biopsy

If a muscle biopsy is taken at time of
diagnosis, the histological severity as
measured by an internationally agreed
scoring system, together with MSA
result, can be used to aid prediction of
outcomes in JDM (50, 51). Patients with
Mi-2 autoantibody may be more likely
to enter drug free remission despite se-
vere histology on muscle biopsy, where-
as those with anti-MDAS autoantibody
are less likely to come off treatment de-
spite less severe changes on biopsy (51).

Age at disease onset and

early disease course

The age of a patient at onset of JDM
may influence disease characteristics
as shown in Figure 1 (21, 44, 52-55).
Stringer et al. found that the presence of
active rash (Gottron’s) at three months,
or nailfold capillary abnormalities and
JDM rash at six months, were predictive
of a longer time to disease remission
(31). Sanner et al. found that evidence
of disease damage within the first year
of diagnosis predicted ongoing active
disease in long-term follow-up (54).
More recently, low nailfold capillary
density has been linked to risk of smaller
lung volumes, reduced gas diffusion and
high resolution computed tomography
(HRCT)-detected airway disease (56).
Recently, a North American Registry
of JDM patients (n=307) has been ex-
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Fig. 1. Impact of age at onset on disease characteristics of JDM.
JCTM: juvenile connective tissue-disease associated myositis; JPM: juvenile polymyositis.

amined to establish factors associated
with corticosteroid ~discontinuation,
complete clinical response and remis-
sion. Overall, outcomes were favour-
able, with 191/307 patients achieving at
least one of these outcomes. Probability
of corticosteroid discontinuation was
56%, complete clinical response 38%
and remission 30% by 60 months in
105 patients. The three outcomes were
found to be interdependent and had a
strong conditional probability. In mul-
tivariate analysis, medium time to com-
plete clinical response was the strongest
predictor of time to corticosteroid dis-
continuation. The presence of anti-TIF1
antibodies, and medication escalation
within 12-24 months of treatment ini-
tiation was associated with longer time
to remission (57).

Race and socioeconomic status

Ethnic minority races have been found
to have increased risk of PM or JCTM
compared to JDM (21). They are more
likely to have anti-SRP auto-antibodies
(associated with a JPM phenotype) and
have been found to have significantly
increased odds of cardiovascular and
cerebrovascular comorbidities (42, 58).
Analysis of subjects recruited to the
CARRA Legacy Registry showed that
minority subjects were more likely to
have low family income and significant-
ly worse scores on measures of disease
activity, physical function and health re-
lated quality of life (59).

Predictive models
Longitudinal analytic methods have

been applied to cohorts in an attempt to
identify hidden, or ‘latent’, subgroups
of patients with similar trajectories of
disease activity over time. This method
was applied to 519 patients in the UK
Juvenile Dermatomyositis Cohort and
Biomarker Study (JDCBS). Based on
Physician Global Assessment (PGA),
two classes of patients were identified.
Class 1 tended to improve over time
whereas a smaller number of patients in
class 2 tended to have more persistent
disease, which was predicted by abnor-
mal respiration, lipodystrophy and time
since diagnosis. When applied to modi-
fied Disease Activity Score (DAS),
three classes were identified; class 1
where DAS was high at baseline, but
quickly improved, class 2 where DAS
started high and remained high and
class 3 where DAS was lower and im-
proved quickly (60). Similar results
were found in a Toronto cohort with
smaller patient numbers (61).

Disease damage and

long-term outcome

Disease damage

Damage is common in JDM, but usually
mild. Studies have reported percentages
of patients with disease damage ranging
from 60-95% when measured by the
Myositis Damage Index (MDI) or My-
ositis Damage Score (MYODAM) Vis-
ual Analogue Scale (VAS) (20, 22-24,
27, 33, 34). Damage is most frequent
in cutaneous, endocrine, muscular or
skeletal domains (20, 22-24, 27, 33,
34). Disease duration is one of the most
important predictors of damage (27,
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33, 34, 62). Tsaltskan et al. identified
that MDI score increased almost lin-
early for each year of disease, suggest-
ing that organ damage may be ongoing
throughout disease course (33). Rider et
al. found that predictors of damage in
children included functional disability,
active disease duration, severity of dis-
ease at onset, global activity and certain
illness features such as ulcerations (63).
Sanner et al. found that damage was
predicted by high disease activity and
organ damage six months post-diagno-
sis (24).

Growth and puberty

A 2-year follow-up cohort study ana-
lysing anthropometric data from a
prospective  multinational PRINTO
study on JDM (n=196) demonstrated
that parent-adjusted height was signifi-
cantly affected over time but catch-up
growth was seen. At the final study
visit, growth failure was seen in 20/97
(21%) female patients and 11/73 (15%)
male patients. Delayed puberty was
seen in 20/55 (36.4%) female patients
and 11/31 (35.5%) of male patients.
Children with recent onset of puberty
during the active phase of treatment or
previous growth failure had the highest
risk of delayed pubertal development
and further growth retardation (64).

Functional impairment and pain
Severe functional impairment, defined
as a Childhood Health Assessment
Score (CHAQ) of >1.0 or >1.5 (score
range 0-3) in different studies, is unu-
sual in JDM and reported at a frequency
of 6.5-9.4% of patients (20, 26, 27).
However, it is common to have a degree
of functional impairment (reported in up
to 41% of cases), particularly in females
(20, 23,24, 26,27, 33). Pain is reported
in 22-35% of patients with JDM, with
increased reports of pain associated
with higher CHAQ scores (20, 26).

Health-Related Quality of Life
(HRQOL)

The impact of JDM on HRQOL is an
important consideration which is often
overlooked. Apaz et al. found that pa-
tients with JDM had poorer physical
and psychosocial well-being compared
to healthy controls, with physical dis-
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ability being the most important deter-
minant of HRQOL (65). These findings
are supported by Tollisen er al. who
equally identified a correlation between
physical disability and worsening
HRQOL, whilst also including disease
activity and disease damage as hav-
ing a strong correlation with reduced
HRQOL (66). Ravelli et al. however
found less marked HRQOL impairment
with both the physical and psychosocial
domains equally affected, with only a
small fraction having significant de-
creased HRQOL (20). Families of pa-
tients with juvenile idiopathic inflam-
matory myositis rated quality of life
over 18 other items, as the most impor-
tant variable of high quality care (67).
In a study by Livermore et al. uncer-
tainty was a prominent feature for chil-
dren and young people living with JDM
and in a recent study by Fawole et al.
youth with rheumatic disease including
JDM had high rates of both clinical and
self-diagnosed mental health problems,
specifically anxiety and depression (68,
69). These studies provide a starting
point for clinicians to consider HRQOL
and impact of JDM, but clearly further
studies are needed.

Impact of disease on lifestyle

A study by Boros et al. evaluated long-
term outlook via a questionnaire sur-
vey sent to patients over 16 years of
age whose details were held in the UK
JDCBS. 84/190 (44%) questionnaires
were returned. At an average time of
12.4 years since diagnosis, 58% of pa-
tients self-reported persistently active
disease, which was also reflected in
their documented use of medication.
The study demonstrated a significant
impact of disease on lifestyle, with
449 stating that disease affected their
academic results. Patients aged >18
years of age were twice as likely to be
unemployed compared to UK Office of
National Statistics data and three times
more likely to be living at home (70).

Cardiorespiratory fitness

A case controlled study from Norway of
45 patients with JDM aged 10.2-50.9
years of age with a mean disease dura-
tion of 20.8 years, demonstrated lower
cardiorespiratory fitness (CRF) in pa-

tients compared to controls in both ac-
tive and inactive disease states (71). A
study of 36 patients in the Netherlands
with a median age at diagnosis of 8.3
years of age, evaluated CRF on multiple
occasions (average, five times) up to 10
years post diagnosis. Decreased CRF
trajectories were seen in both mono-
cyclic and polycyclic disease course
and were predicted by younger age at
disease onset, longer disease duration
and higher prednisolone dose (72). A
decline in CRF in the active phase of
disease was followed by an initial im-
provement but then a plateau phase
where there was no further increased
in CRF (72). This is important in clini-
cal practice as interventions have been
shown to improve CRF (73, 74). These
studies support the need for a safe and
appropriate exercise programme led
and monitored by a specialist physio-
therapist / occupational therapist to im-
prove QoL and function in JDM (75).

Cardiovascular risk

Cardiovascular disease is an impor-
tant cause of mortality and morbidity
in adult onset IIM (76). In contrast, in
children, although cardiac abnormali-
ties are frequent at disease onset, they
are rarely serious and long-term dam-
age in the cardiovascular domain is
unusual relative to other domains (20,
24, 27, 33, 63, 77). However, a case-
controlled study of 59 patients in Nor-
way examined a median of 16.8 years
post diagnosis showed evidence of sub-
clinical cardiac dysfunction, not seen in
controls (78). JDM patients have also
been found to have increased meta-
bolic abnormalities and atherosclerotic
risk factors compared to age and sex-
matched controls (58, 79, 80). Papado-
poulou et al. have recently described in-
creased arterial stiffness on pulse wave
velocity in patients with JDM (28). All
of these factors may lead to a greater
long-term risk of cardiovascular or cer-
ebrovascular disease.

Pathogenic mechanism

and biomarkers

Although much of the literature ad-
dresses the role and underlying biol-
ogy of type I interferon in JDM there
are other pathogenic mechanisms and
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biomarkers being explored. Biomarkers
related to the type I interferon signature
have been shown to track disease ac-
tivity. These include serum galectin-9,
CXCL10 and more recently , expres-
sion Siglec-1 on monocytes (81, 82).
Work is ongoing to define which of
these can accurately predict change in
disease activity ahead of clinical symp-
toms of flare.

A recent cross-sectional study investi-
gated markers of vasculopathy in JDM.
The study included 90 JDM patients
and 79 healthy controls. Analysis of
circulating endothelial cells (CEC)
showed an increase in all patients com-
pared to controls (median 96 cells/ml
[IQR; 40— 192] and 12 cells/ml [IQR;
8- 24], respectively; p<0.0001). Circu-
lating microparticles (MPs), predomi-
nantly of platelet and endothelial ori-
gin, were significantly higher in JDM
patients with active disease compared
to controls (median 204.7x103/ml [IQR
87.9-412.6] and 44.3x103 /ml [IQR
15.0-249.1], respectively; p<0.0001).
Additional data showed that there was
increased plasma thrombin genera-
tion and increased arterial stiffness in
JDM compared to controls. This study
showed evidence of increased endothe-
lial injury in JDM patients with active
disease and demonstrated multiple
measurable markers associated with
this pathogenesis (28). Two recent pi-
lot studies have used metabolomic and
proteomic analysis to identify biomark-
ers of disease (83, 84). An exploratory
study of ten JDM patients and nine
healthy controls analysed the JDM
serum metabolic profile. The results
showed 1 of the 45 targeted acylcarniti-
nes and 1 of the 15 targeted ceramides
were significantly associated with JDM.
This initial study could lead to explor-
ing this profile in a larger cohort (83). A
pilot study investigated serum proteome
screening of 8 un-treated JDM patients
compared to 12 healthy controls. The
data showed of 1305 proteins, 202 were
elevated and 49 decreased (p<0.001).
New biomarkers identified included II-
22, angiopoetin-2 and IL-17B. These
findings could prompt larger studies
and further investigation into the roles
of these proteins in JDM (84).
Auto-antibodies provide an important
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tool to assess the clinical manifesta-
tions of the disease. Novel auto-anti-
bodies have been recently investigated
in JDM. A recent longitudinal study
in adult and juvenile dermatomyositis
measured anti-mitochondrial autoan-
tibody (AMA) presence in serum. The
authors found that 1% (4 of 371) of
children with JDM and healthy controls
(1 of 92) had AMA detected by ELISA.
All 4 JDM patients with AMA had se-
vere disease at onset with falling epi-
sodes and 3 out of the 4 had dysphagia
(85). Though the detection of AMA was
shown to be very rare in JDM patient
sera this study suggested that it may
predict worse disease for these patients.
Further investigation could explore
other anti-mitochondrial bands detected
in serum. Another recent study of the
prevalence of anti-cN-1A antibodies in
JDM found this antibody to be very rare
in JDM, and not increased compared to
controls (86). Further work is needed
to define the targets of patients with a
positive ANA in whom no defined MSA
can be detected.

Treatments

Current treatments widely used in JDM
are summarised in Table I and described
by others in recent reviews (1, 3, 5-8).
With the exception of two randomised
controlled trials (RCTs) in JDM, all
other evidence comes from cohort stud-
ies, case series or case reports. There is
an unmet need for head-to-head com-
parisons of current treatments in addi-
tion to defining novel biologic targets
for children with recalcitrant disease
and complications such as calcinosis or
interstitial lung disease.

Consensus recommendations for treat-
ment have been published as part of
an initiative to define optimal care for
children with rheumatic diseases across
Europe — the Single Hub and Access
point for Paediatric Rheumatology in
Europe (SHARE) (75, 140). These rec-
ommendations were derived by consen-
sus informed by a systematic literature
review (75). Evidence based guidelines
have also been written for the British
Society of Rheumatology on manage-
ment of paediatric, adolescent and
adult-onset IIM (https://www.rheuma-
tology.org.uk/practice-quality/guide-

lines/). CARRA have published a series
of Consensus Treatment Plans (CTPs)
with the aim of limiting treatment vari-
ation and allowing researchers to de-
velop comparative effectiveness stud-
ies (104, 141-143). A pilot study has
demonstrated that comparing CTPs is
feasible but larger patient numbers are
needed (16). Uniform data collection
across registries will allow analysis of
larger patient numbers including those
with rare complications or disease phe-
notypes (14).

Novel therapies

JDM is a disease which has a defined
type I interferon signature in both pro-
tein and gene expression, demonstrated
in blood, muscle and skin (2, 144). JAK
kinase inhibitors, which block produc-
tion of type-1 interferons show great
promise in JDM but evidence is cur-
rently limited to case series or case re-
ports (133-137, 139, 145-147). Based on
this evidence in a total of 49 patients (48
with refractory disease, 1 new onset),
JAK kinase inhibitors appear to dem-
onstrate efficacy for skin and muscle
disease (144). The role of interferon in
JDM including therapeutic interventions
and comparison to interferonopathies
has recently been reviewed (138, 144).
Monoclonal antibodies targeting IFN-a
such as sifalimumab or anifrolumab
may be beneficial in [IM and have been
evaluated in early phase studies in adult
onset disease, but not yet tested in chil-
dren or young people (148, 149).
Abatacept has been shown to be effec-
tive in adult-onset myositis in a prospec-
tive delayed start study (150) but evi-
dence in juvenile-onset disease is lim-
ited to case reports where it has shown
benefit in recalcitrant calcinosis (128,
130, 131). A trial of abatacept in refrac-
tory JDM (clinicaltrials.gov/ct2/show/
NCT02594735) is yet to be reported.
Other biologics such as basiliximab
(monoclonal antibody targeting alpha
sub-unit of IL-2 receptor), apremilast
(phosphodiesterase 4 inhibitor), ge-
vokizumab (humanised IgG2 monoclo-
nal antibody against IL-1f3), anakinra
(IL-1 blocker), alemtuzumab (targeting
CD52), and eculizumab (anti-terminal
complement components) may show
promise but have not been used in
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Drug Mechanism of action Level of evidence Comments

Methotrexate Folate antagonist, inhibits key enzymes ~ Randomised controlled trial (RCT), First line treatment in most cases of JDM in
involved in the biosynthesis of purines cohort studies & case series combination with corticosteroid.
and pyrimidines, with effects on T cell (62,87-91).
proliferation, and inflammatory function.

Ciclosporin Calcineurin inhibitor, exerts an immuno- RCT, case series (62,92-96). Efficacy in RCT in combination with

modulatory action, by binding to
cyclophilin interfering with T cell
activation and inhibiting production
of IL-2.

corticosteroid, but methotrexate favoured
due to safety profile.

Mycophenolate
mofetil (MMF)

Converted to mycophenolic acid (MPA)
which selectively inhibits de novo purine
metabolism.

Case series - moderate patient
numbers, case report (97-99).

Treatment option to improve muscle or skin
disease and may be used when inefficacy /
intolerance to methotrexate.

Hydroxychloroquine ~ Mechanism of action in IIM not fully Cohort study - large patient numbers,  Adjunctive treatment for skin disease &
defined but thought to interfere with case series - small patient numbers arthritis, included in CARRA CTPs for skin
lysosomal activity and autophagy, (100-103) predominant disease(104).
resulting in inhibition of cytokine
production.

Azathioprine Inhibits purine synthesis, causing Case series, cohort studies - small Limited evidence; less frequently used in
immunosuppression. patient numbers (105, 106). JDM than other DMARDS.

Tacrolimus Calcineurin inhibitor, suppresses 1L-2 Case series, case reports - small Evidence limited in JDM. More evidence in
dependent T cell activation. patient numbers (107-109). adult onset IIM, including IIM associated ILD.

Rituximab Chimeric monoclonal antibody directed ~ RCT, cohort studies, case series Treatment option for refractory myositis or
against the human CD20 receptor which ~ (110-115). skin disease. Failed to meet primary /
acts by depleting circulating B cells. secondary endpoints in RCT but 83% of

patients met definition of improvement;
patients with juvenile onset disease more
likely to respond.

Cyclophosphamide Alkylating agent that interferes with Case series case reports, cohort Treatment option for severe disease (such as

DNA replication.

studies - moderate patient numbers
(116-118).

major organ involvement / extensive
ulcerative skin disease).

Intravenous Immuno-
globulin (IVIG)

Exact mechanism of action unclear —
acts as an immunomodulatory drug,
reduces autoantibody production and
causes cytokine suppression or blockage.

Cohort studies, case series - moderate
patient numbers (118—121).

Treatment option for severe or refractory
muscle inflammation, dysphagia or skin
disease.

Infliximab Chimeric human-murine Immunoglobulin Cohort studies, case series, case Used off label for refractory JODM, showing
G1 monoclonal antibody against tumour  reports - moderate patient numbers efficacy in muscle & skin disease; use may
necrosis factor (TNF). (122-124). be limited by country specific regulations

(75,125).

Adalimumab Fully human recombinant immuno- Cohort studies, case series - moderate Used off label in refractory JDM, showing
globulin G1 monoclonal antibody that patient numbers (122,124). efficacy in muscle & skin disease; use may
binds and neutralises soluble and be limited by country specific regulations.
membrane-bound TNF.

Etanercept Recombinant human soluble TNF Cohort study - small patient numbers ~ Mixed reports of efficacy - infliximab/
receptor linked to an Fc portion of (126,127). adalimumab preferable TNF blockers for IIM.
immunoglobulin, binding TNF-alpha
and TNF-beta.

Abatacept Fully human soluble fusion protein of Case series, case reports - small Can be considered in resistant disease,
cytotoxic T lymphocyte-associated patient numbers (128-131). including calcinosis.
antigen 4 and Fc portion of immuno-
globulin, blocks binding of CD28 on T
cells with anti-inflammatory effect.

Tocilizumab Fully human monoclonal antibody that Case report (132) of myositis overlap  Limited evidence in adult/juvenile onset

competitively inhibits the binding of
IL-6 to its receptor (IL-6R)

syndrome (limited efficacy).

disease.

JAK kinase inhibitors

Inhibit JAK-STAT pathway, thereby
inhibiting interferon signalling.

Case series, case reports - with
increasing patient numbers (133-139).

Initial case reports/case series show promise
for refractory disease including skin disease.

RCT: randomised controlled trial; DNA: deoxyribonucleic acid; CARRA: Childhood Arthritis and Rheumatology Research Alliance; CTP: consensus treat-
ment plans; TNF: tumour necrosis factor; IIM: idiopathic inflammatory myopathy; IL: interleukin; ILD: interstitial lung disease.
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JDM. Evidence in adult onset disease
is limited but well described in recent
reviews (148, 149, 151, 152).

Lenabasum is a synthetic non-immu-
nosuppressive, selective cannabinoid
receptor type-2 agonist that has shown
safety and efficacy in adult-onset refrac-
tory skin-predominant dermatomyositis
(153). It is being studied in a phase 3
randomised placebo-controlled study in
adult-onset myositis (clinicaltrials.gov/
ct2/show/NCT03813160) but has not
yet been used in juvenile onset disease.

Conclusions

A key unmet need in JDM is to be able
to predict disease course in individual
patients, to be able to target those with
more severe disease that need more in-
tensive treatment but minimising treat-
ment in those with milder disease to
avoid damage through adverse effects
of medication. Holistic care is essen-
tial in this complex condition, includ-
ing therapy led exercise programmes
as well as practical and psychological
support from clinical nurse specialists
and psychologists. Targeted treatment
approaches are needed along with head-
to-head comparisons to better determine
management of resistant disease, as well
as complications such as calcinosis and
interstitial lung disease. Advances in
disease pathogenesis may help with this
quest to determine therapeutic targets.

Acknowledgements

The authors would like to thank the fam-
ilies and patients who have generously
agreed to be part of the UK JDCBS (htt-
ps://juveniledermatomyositis.org.uk),
and all the contributors to the Juvenile
Dermatomyositis Research Group.

Funding

L.R. Wedderburn, P. Livermore and
M.G .LI. Wilkinson are supported by the
NIHR Biomedical Research Centre at
GOSH. P. Livermore is part funded by
the NIHR Bionedical Research Centre
at GOSH and part funded by a National
Institute for Health Research Develop-
ment and Skills Fellowship.

M.G .LI. Wilkinson is funded by a Fel-
lowship from Cure JM and NIHR; L.R.
Wedderburn is also supported by grants
from Versus Arthritis (20164, 21593).

400

References

1. PACHMAN LM, NOLAN BE, DERANIERI D,
KHOJAH AM: Juvenile dermatomyositis:
new clues to diagnosis and therapy. Curr
Treat Options Rheumatol 2021; 7: 39-62.

2. WIENKE J, DEAKIN CT, WEDDERBURN
LR, VAN WIJK F, VAN ROYEN-KERKHOF A:
Systemic and tissue inflammation in juve-
nile dermatomyositis: from pathogenesis to
the quest for monitoring Tools. Front Immu-
nol 2018; 9: 2951.

3. WU JQ, LU MP, REED AM: Juvenile dermato-
myositis: advances in clinical presentation,
myositis-specific antibodies and treatment.
World J Pediatr 2020; 16: 31-43.

4. PAPADOPOULOU C, MCCANN LJ: The vas-
culopathy of juvenile dermatomyositis.
Front Pediatr 2018; 6: 284.

5. KIM H, HUBER AM, KIM S: Updates on juve-
nile dermatomyositis from the last decade:
classification to outcomes. Rheum Dis Clin
North Am 2021; 47: 669-90.

6. WU Q, WEDDERBURN LR, MCCANN LJ:
Juvenile dermatomyositis: Latest advances.
Best Pract Res Clin Rheumatol 2017; 31:
535-557.

7. PAPADOPOULOU C, WEDDERBURN LR:
Treatment of juvenile dermatomyositis: an
update. Pediatr Drugs 2017; 19: 423-34.

8. PACHMAN LM, KHOJAH AM: Advances in
juvenile dermatomyositis: myositis specific
antibodies aid in understanding disease het-
erogeneity. J Pediatr 2018; 195: 16-27.

9. LI D, TANSLEY SL: Juvenile dermatomyosi-
tis - clinical phenotypes. Curr Rheumatol
Rep 2019; 21: 74.

10. SULTAN SM, ISENBERG DA: Re-classifying
myositis. Rheumatology 2010; 49: 831-3.

11. BROWN VE, PILKINGTON CA, FELDMAN
BM, DAVIDSON JE: An international con-
sensus survey of the diagnostic criteria for
juvenile dermatomyositis (JDM). Rheuma-
tology 2006; 45: 990-3.

12. LUNDBERG IE, MILLER FW, TJARNLUND A,
BOTTAI M: Diagnosis and classification of
idiopathic inflammatory myopathies. J In-
tern Med 2016; 280: 39-51.

13. LUNDBERG IE, TJARNLUND A, BOTTAI M et
al.: 2017 European League Against Rheu-
matism/American College of Rheumatology
Classification Criteria for Adult and Juvenile
Idiopathic Inflammatory Myopathies and
Their Major Subgroups. Arthritis Rheumatol
2017; 76: 1955-64.

14. MCCANN LJ, PILKINGTON CA,HUBER AM et
al.: Development of a consensus core dataset
in juvenile dermatomyositis for clinical use
to inform research. Ann Rheum Dis 2018;
77:241-50.

15. LILLEKER JB, VENCOVSKY J, WANG G et
al.: The EuroMyositis registry: an interna-
tional collaborative tool to facilitate myosi-
tis research. Ann Rheum Dis 2018; 77: 30-9.

1 6. LIU K, TOMLINSON G, REED AM et al.: Pilot
study of the juvenile dermatomyositis con-
sensus treatment plans: A CARRA registry
study. J Rheumatol 2021; 48: 114-22.

17. MARTIN N, KROL P, SMITH S et al.
A national registry for juvenile dermatomy-
ositis and other paediatric idiopathic inflam-
matory myopathies: 10 years’ experience;
the Juvenile Dermatomyositis National (UK

and Ireland) cohort biomarker study and re-
pository for idiopathic inflammatory myo-
pat. Rheumatology 2011; 50: 137-45.

18. BITNUM S, DAESCHNER CW JR, TRAVIS LB,
DODGE WF, HOPPS HC: Dermatomyositis. J
Pediatr 1964; 64: 101-31.

19. HUBER A, FELDMAN BM, ADDRESS M:
Long-term outcomes in juvenile dermato-
myositis: how did we get here and where
are we Going? Curr Rheumatol Rep 2005; 7:
441-6.

20. RAVELLI A, TRAIL L, FERRARI C et al.
Long-term outcome and prognostic factors
of juvenile dermatomyositis: A multination-
al, multicenter study of 490 patients. Arthri-
tis Care Res (Hoboken) 2010; 62: 63-72.

21. SHAHM,MAMYROVA G, TARGOFF IN et al.:
The clinical phenotypes of the juvenile idi-
opathic inflammatory myopathies. Medicine
2013; 92: 25-41.

22. OKONG’O LO, ESSER M, WILMSHURST 1,
SCOTT C: Characteristics and outcome of
children with juvenile dermatomyositis in
Cape Town: A cross-sectional study. Pediatr
Rheumatol 2016; 14: 60.

23. SHARMA A, GUPTA A, RAWAT A, SURI D,
SINGH S: Long-term outcome in children
with juvenile dermatomyositis: A single-
center study from north India. Int J Rheum
Dis 2020; 23: 392-6.

24. SANNER H, GRAN JT, SJAASTAD I, FLAT®
B: Cumulative organ damage and prognos-
tic factors in juvenile dermatomyositis: a
cross-sectional study median 16.8 years af-
ter symptom onset. Rheumatology (Oxford)
2009; 48: 1541-7.

25. HUBER AM, MAMYROVA G, LACHEN-
BRUCH PA et al.: Early illness features as-
sociated with mortality in the juvenile idi-
opathic inflammatory myopathies. Arthritis
Care Res (Hoboken) 2014; 66: 732-40.

26. HUBER AM, LANG B, LEBLANC CM et al.:
Medium- and long-term functional out-
comes in a multicenter cohort of children
with juvenile dermatomyositis. Arthritis
Rheum 2000; 43: 541-9.

27. MATHIESEN P, HEGAARD H, HERLIN T, ZAK
M, PEDERSEN FK, NIELSEN S: Long-term
outcome in patients with juvenile dermato-
myositis: A cross-sectional follow-up study.
Scand J Rheumatol 2012; 41: 50-8.

28. PAPADOPOULOU C, HONG Y, KROL P et al.:
The vasculopathy of juvenile dermatomy-
ositis: endothelial injury, hypercoagulabil-
ity, and increased arterial stiffness. Arthritis
Rheumatol 2021; 73: 1253-66.

29. CHICKERMANE PR, MANKAD D, KHUB-
CHANDANI RP, DARSHAN K: Disease pat-
terns of juvenile dermatomyositis from
Western India. Indian Pediatr 2013; 50:
961-3.

30. CONSTANTIN T, PONYI A, ORBAN I ef al.:
National registry of patients with juvenile
idiopathic inflammatory myopathies in Hun-
gary — clinical characteristics and disease
course of 44 patients with juvenile dermato-
myositis. Autoimmunity 2006; 39: 223-32.

31. STRINGER E, SINGH-GREWAL D, FELDMAN
BM: Predicting the course of juvenile der-
matomyositis: Significance of early clinical
and laboratory features. Arthritis Rheum
2008; 58: 3585-92.

Clinical and Experimental Rheumatology 2022



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

HABERS GEA, HUBER AM, MAMYROVA G et
al.: Association of myositis autoantibodies,
clinical features, and environmental expo-
sures at illness onset with disease course in
juvenile myositis. Arthritis Rheumatol 2016;
68: 761-8.

TSALTSKAN V, ALDOUS A, SERAFI S et al.:
Long-term outcomes in juvenile myositis
patients. Semin Arthritis Rheum 2020; 50:
149-55.

RIDER LG, LACHENBRUCH PA, MONROE JB
et al.: Damage extent and predictors in adult
and juvenile dermatomyositis and polymy-
ositis as determined with the Myositis Dam-
age Index. Arthritis Rheum 2009; 60: 3425-
35.

LAZAREVIC D, PISTORIO A, PALMISANI E
et al.: The PRINTO criteria for clinically in-
active disease in juvenile dermatomyositis.
Ann Rheum Dis 2013; 72: 686-93.
ALMEIDA B, CAMPANILHO-MARQUES R,
ARNOLD K, PILKINGTON CA, WEDDER-
BURN LR, NISTALA K: Analysis of published
criteria for clinically inactive disease in a
large juvenile dermatomyositis cohort shows
that skin disease is underestimated. Arthritis
Rheumatol 2015; 67: 2495-502.

TANSLEY S, WEDDERBURN LR: Comparing
and contrasting clinical and serological fea-
tures of juvenile and adult-onset myositis:
implications for pathogenesis and outcomes.
Curr Opin Rheumatol 2015; 27: 601-7.
TANSLEY SL: Antibodies in juvenile-onset
myositis. Curr Opin Rheumatol 2016; 28:
645-50.

TANSLEY SL, SIMOU S, SHADDICK G et al.:
Autoantibodies in juvenile-onset myositis:
Their diagnostic value and associated clini-
cal phenotype in a large UK cohort. J Auto-
immun 2017; 84: 55-64.

BETTERIDGE Z, MCHUGH N: Myositis-
specific autoantibodies: an important tool to
support diagnosis of myositis. J Intern Med
2016; 280: 8-23.

SATOH M, TANAKA S, CERIBELLI A, CALISE
SJ, CHAN EKL: A comprehensive overview
on myositis-specific antibodies: new and old
biomarkers in idiopathic inflammatory myo-
pathy. Clin Rev Allergy Immunol 2017; 52:
1-19.

RIDER LG, SHAH M, MAMYROVA G et al.:
The myositis autoantibody phenotypes of
the juvenile idiopathic inflammatory myopa-
thies. Medicine (Baltimore) 2013; 92: 223-
43.

TANSLEY SL, BETTERIDGE ZE, GUNA-
WARDENA H et al.: Anti-MDAS autoanti-
bodies in juvenile dermatomyositis identify
a distinct clinical phenotype: A prospective
cohort study. Arthritis Res Ther 2014; 16:
R138.

TANSLEY SL, BETTERIDGE ZE, SHADDICK
G et al.: Calcinosis in juvenile dermatomy-
ositis is influenced by both anti-NXP2 au-
toantibody status and age at disease onset.
Rheumatology (Oxford) 2014; 53: 2204-8.
MAHLER M, BETTERIDGE Z, BENTOW C et
al.: Comparison of three immunoassays for
the detection of myositis specific antibodies.
Front Immunol 2019; 10: 848.

SATOH M, TANAKA S, CHAN EKL: The uses
and misuses of multiplex autoantibody as-

Clinical and Experimental Rheumatology 2022

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Juvenile dermatomyositis: where are we now? / L.J. McCann et al.

says in systemic autoimmune rheumatic dis-
eases. Front Immunol 2015; 6: 181.
CAVAZZANA 1, FREDI M, CERIBELLI A et
al.: Testing for myositis specific autoanti-
bodies: Comparison between line blot and
immunoprecipitation assays in 57 myositis
sera. J Immunol Methods 2016; 433: 1-5.
ESPINOSA-ORTEGA F, HOLMQVIST M, AL-
EXANDERSON H et al.: Comparison of au-
toantibody specificities tested by a line blot
assay and immunoprecipitation-based algo-
rithm in patients with idiopathic inflamma-
tory myopathies. Ann Rheum Dis 2019; 78:
858-60.

MAHLER M, VULSTEKE JB, BOSSUYT X, DE
LANGHE E, SOTOH M: Standardisation of
myositis-specific antibodies: where are we
today? Ann Rheum Dis 2019 Aug 3, Online
ahead of print.

VARSANI H, CHARMAN SC, LI CK et al.:
Validation of a score tool for measurement of
histological severity in juvenile dermatomy-
ositis and association with clinical severity of
disease. Ann Rheum Dis 2015; 74: 204-10.
DEAKIN CT, YASIN SA, SIMOU S et al.:
Muscle biopsy findings in combination with
myositis-specific autoantibodies aid predic-
tion of outcomes in juvenile dermatomyosi-
tis. Arthritis Rheumatol 2016; 68: 2806-16.
PATWARDHAN A, RENNEBOHM R, DVOR-
CHIK I, SPENCER CH: Is juvenile dermato-
myositis a different disease in children up to
three years of age at onset than in children
above three years at onset? A retrospective
review of 23 years of a single center’s expe-
rience. Pediatr Rheumatol 2012; 10: 34.
MARTIN N, KROL P, SMITH § et al.: Com-
parison of children with onset of juvenile
dermatomyositis symptoms before or after
their fifth birthday in a UK and Ireland juve-
nile dermatomyositis cohort study. Arthritis
Care Res 2012; 64: 1665-72.

SANNER H, SJAASTAD I, FLAT@ B: Disease
activity and prognostic factors in juvenile
dermatomyositis: a long-term follow-up
study applying the Paediatric Rheumatology
International Trials Organization criteria for
inactive disease and the myositis disease ac-
tivity assessment tool. Rheumatology (Ox-
ford) 2014; 53: 1578-85.

WEDDERBURN LR, MCHUGH NJ, CHINOY H
et al.: HLA class II haplotype and autoanti-
body associations in children with juvenile
dermatomyositis and juvenile dermatomy-
ositis-scleroderma overlap. Rheumatology
(Oxford) 2007; 46: 1786-91.

BARTH Z, SCHWARTZ T, FLAT® B et al.
Association between nailfold capillary den-
sity and pulmonary and cardiac involvement
in medium to longstanding juvenile dermato-
myositis. Arthritis Care Res 2019; 71: 492-7.
KISHI T, WARREN-HICKS W, BAYAT N et al.:
Corticosteroid discontinuation, complete
clinical response and remission in juvenile
dermatomyositis. Rheumatology (Oxford)
2021; 60: 2134-45.

SILVERBERG JI, KWA L, KWA MC, LAU-
MANN AE, ARDALAN K: Cardiovascular and
cerebrovascular comorbidities of juvenile
dermatomyositis in US children: an analysis
of the National Inpatient Sample. Rheuma-
tology (Oxford) 2018; 57: 694-702.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

PHILLIPPI K, HOELTZEL M, BYUN ROBIN-
SON A et al.: Race, Income, and Disease
Outcomes in Juvenile Dermatomyositis. J
Pediatr 2017; 184: 38-44 ¢l

DEAKIN CT, PAPADOPOULOU C, MCCANN
LJ et al.: Identification and prediction of
novel classes of long-term disease trajecto-
ries for patients with juvenile dermatomy-
ositis using growth mixture models. Rheu-
matology (Oxford) 2021; 60: 1891-901.
LIM LSH, PULLENAYEGUM E, MOINEDDIN
R, GLADMAN DD, SILVERMAN ED, FELD-
MAN BM: Methods for analyzing obser-
vational longitudinal prognosis studies for
rheumatic diseases: A review & worked ex-
ample using a clinic-based cohort of juvenile
dermatomyositis patients. Pediatr Rheuma-
tol 2017, 15: 18.

RUPERTO N, PISTORIO A, OLIVEIRASS et al.:
Prednisone versus prednisone plus ciclo-
sporin versus prednisone plus methotrexate
in new-onset juvenile dermatomyositis: a
randomised trial. Lancet 2016; 387: 671-8.
RIDER LG, LACHENBRUCH PA, MONROE JB
et al.: Damage extent and predictors in adult
and juvenile dermatomyositis and polymyosi-
tis as determined with the myositis damage
index. Arthritis Rheum 2009; 60: 3425-35.
NORDAL E, PISTORIO A, RYGG M et al.:
Growth and puberty in juvenile dermatomy-
ositis: a longitudinal cohort Study. Arthritis
Care Res 2020; 72: 265-73.

APAZ MT, SAAD-MAGALHAES C, PISTORIO
A et al.: Health-related quality of life of pa-
tients with juvenile dermatomyositis: results
from the Pediatric Rheumatology Inter-
national Trials Organisation multinational
quality of life cohort study. Arthritis Rheum
2009; 61: 509-17.

TOLLISEN A, SANNER H, FLAT@® B, WAHL
AK: Quality of life in adults with juvenile-
onset dermatomyositis: A case-control study.
Arthritis Care Res 2012; 64: 1020-7.

TORY HO, CARRASCO R, GRIFFIN T et al.:
Comparing the importance of quality meas-
urement themes in juvenile idiopathic in-
flammatory myositis between patients and
families and healthcare professionals. Pedi-
atr Rheumatol 2018; 16: 28.

LIVERMORE P, GRAY S, MULLIGAN K,
STINSON JN, WEDDERBURN LR, GIBSON F:
Being on the juvenile dermatomyositis roll-
ercoaster: A qualitative study. Pediatr Rheu-
matol 2019; 17: 30.

FAWOLE OA, REED MV, HARRIS JG et al.:
Engaging patients and parents to improve
mental health intervention for youth with
rheumatological disease. Pediatr Rheumatol
2021; 19: 19.

BOROS C, MCCANN L, AMBROSE N, CORTI-
NA-BORJA M, SIMOU S, PILKINGTON C: Ju-
venile dermatomyositis: what comes next?
Arthritis Rheumatol 2016; 68 (Suppl. 10):
1337.

BERNTSEN KS, EDVARDSEN E, HANSEN
BH, FLAT® B, SJAASTAD I, SANNER H:
Cardiorespiratory fitness in long-term juve-
nile dermatomyositis: A controlled, cross-
sectional study of active/inactive disease.
Rheumatology (Oxford) 2019; 58: 492-501.
BLOM KJ, TAKKEN T, HUIJGEN BCH, WIE-
NKE J, VAN ROYEN-KERKHOF A, VAN BRUS-

401



Juvenile dermatomyositis: where are we now? / L.J. McCann et al.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

402

SEL M: Trajectories of cardiorespiratory
fitness in patients with juvenile dermato-
myositis. Rheumatology (Oxford) 2017; 56:
2204-11.

HABERS GEA, BOS GJFJ, VAN ROYEN-KERK-
HOF A et al.: Muscles in motion: a rand-
omized controlled trial on the feasibility,
safety and efficacy of an exercise training
programme in children and adolescents with
juvenile dermatomyositis. Rheumatology
(Oxford) 2016; 55: 1251-62.

RIISAGER M, MATHIESEN PR, VISSING 1J,
PREISLER N, BRNGREEN MC: Aerobic train-
ing in persons who have recovered from ju-
venile dermatomyositis. Neuromuscul Dis-
ord 2013; 23: 962-8.

ENDERS FB, BADER-MEUNIER B, BAILDAM
E et al.: Consensus-based recommendations
for the management of juvenile dermatomy-
ositis. Ann Rheum Dis 2017; 76; 329-40.
OLDROYD AGS,NEWTON LR, NEW RP, SER-
GEANT JC,COOPER RG, CHINOY H: OP0279
The standardised mortality rate in UK adult-
onset myositis patients is seven times higher
than the UK general population: Table 1.
Ann Rheum Dis 2015; 74 (Suppl. 2).
CANTEZ S, GROSS GJ, MACLUSKY I, FELD-
MAN BM: Cardiac findings in children with
juvenile Dermatomyositis at disease presen-
tation. Pediatr Rheumatol 2017; 15: 54.
SCHWARTZ T, SANNER H, HUSEBYE T,
FLATO B, SJAASTAD I: Cardiac dysfunction
in juvenile dermatomyositis: a case-control
study. Ann Rheum Dis 2011; 70: 766-71.
COYLE K, ROTHER KI, WEISE M, AHMED A,
MILLER FW, RIDER LG: Metabolic abnor-
malities and cardiovascular risk factors in
children with myositis. J Pediatr 2009; 155:
882-7.

SCHWARTZ T, SJAASTAD 1, FLAT@ B,
VISTNES M, CHRISTENSEN G, SANNER H:
In active juvenile dermatomyositis, elevated
eotaxin and MCP-1 and cholesterol levels in
the upper normal range are associated with
cardiac dysfunction. Rheumatology (Ox-
ford) 2014; 53: 2214-22.

WIENKE J, ENDERS FB, LIM J et al.: Galec-
tin-9 and CXCL10 as biomarkers for dis-
ease activity in juvenile dermatomyositis:
a longitudinal cohort study and multicohort
validation. Arthritis Rheumatol 2019; 71:
1377-90.

LERKVALEEKUL B, VELDKAMP SR, VAN
DER WAL MM et al.: Siglec-1 expression on
monocytes is associated with the interferon
signature in juvenile dermatomyositis and
can predict treatment response. Rheumatol-
ogy (Oxford) 2021 Aug 13, Online ahead of
print.

DVERGSTEN JA, REED AM, LANDERMAN
L, PISETSKY DS, ILKAYEVA O, HUFFMAN
KM: Metabolomics analysis identifies a li-
pidomic profile in treatment-naive juvenile
dermatomyositis patients vs healthy control
subjects. Rheumatology (Oxford) 2021;
TAWALBEH SM, MARIN W, MORGAN GA,
DANG UJ, HATHOUT Y, PACHMAN LM:
Serum protein biomarkers for juvenile der-
matomyositis: a pilot study. BMC Rheuma-
10l 2020; 4: 5.

SABBAGH SE, PINAL-FERNANDEZ I,
CASAL-DOMINGUEZ M et al.: Anti-mito-

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

chondrial autoantibodies are associated with
cardiomyopathy, dysphagia, and features of
more severe disease in adult-onset myositis.
Clin Rheumatol 2021, 40: 4095-100.
RIETVELD A, WIENKE J, VISSER E et al.:
Anti-cytosolic5’-nucleotidase 1A autoanti-
bodies are absent in juvenile dermatomyosi-
tis. Arthritis Rheumatol 2021; 73: 1329-33.
AL-MAYOUF S, AL-MAZYED A, BAHABRI
S: Efficacy of early treatment of severe ju-
venile dermatomyositis with intravenous
methylprednisolone and methotrexate. Clin
Rheumatol 2000;1 9: 138-41.

RAMANAN AV, CAMPBELL-WEBSTER N,
OTA S et al.: The effectiveness of treating
juvenile dermatomyositis with methotrexate
and aggressively tapered corticosteroids.
Arthritis Rheum 2005; 52: 3570-8.

FISLER RE, LIANG MG, FUHLBRIGGE RC,
YALCINDAG A, SUNDEL RP: Aggressive
management of juvenile dermatomyositis
results in improved outcome and decreased
incidence of calcinosis. J Am Acad Derma-
tol 2002; 47: 505-11.

FISCHER TJ, RACHELEFSKY GS, KLEIN RB,
PAULUS HE, STIEHM ER: Childhood der-
matomyositis and polymyositis: treatment
with methotrexate and prednisone. Am J Dis
Child 1979; 133: 386-9.

MILLER LC, SISSON BA, TUCKER LB, DE-
NARDO BA, SCHALLER JG: Methotrexate
treatment of recalcitrant childhood dermato-
myositis. Arthritis Rheum 1992; 35: 1143-9.
HECKMATT J, SAUNDERS C, PETERS AM et
al.: Cyclosporin in juvenile dermatomyosi-
tis. Lancet 1989; 1: 1063-6.

HAMILL G, SAUNDERS C, HECKMATT ]J,
DUBOWITZ V, STANHOPE R: “Catch-up”
growth in steroid dependent dermatomyosi-
tis treated with cyclosporin-A. Eur J Med
1992; 1: 16-8.

REIFF A, RAWLINGS DJ, SHAHAM B et al.:
Preliminary evidence for cyclosporin A as
an alternative in the treatment of recalcitrant
juvenile rheumatoid arthritis and juvenile
dermatomyositis. J Rheumatol 1997; 24:
2436-43.

KISHI T, TANI Y, OKIYAMA N et al.: Anti-
SAE autoantibody-positive Japanese patient
with juvenile dermatomyositis complicated
with interstitial lung disease - a case report.
Pediatr Rheumatol 2021; 19: 34.

PISTOIA V, BUONCOMPAGNI A, SCRIBANIS
R et al.: Cyclosporin A in the treatment of
juvenile chronic arthritis and childhood pol-
ymyositis-dermatomyositis. Results of a pre-
liminary study. Clin Exp Rheumatol 1993;1
1: 203-8.

ROUSTER-STEVENS KA, MORGAN GA,
WANG D, PACHMAN LM: Mycophenolate
mofetil: a possible therapeutic agent for chil-
dren with juvenile dermatomyositis. Arthri-
tis Care Res (Hoboken) 2010; 62: 1446-51.
DAGHER R, DESJONQUERES M, DUQUESNE
A et al.: Mycophenolate mofetil in juvenile
dermatomyositis: A case series. Rheumatol
Int 2012; 32: 711-6.

CAKAN M, KARADAG $G, AYAZ NA: Com-
plete and sustained resolution of calcinosis
universalis in a juvenile dermatomyositis
case with mycophenolate mofetil. Turk J
Pediatr 2019; 61: 771-5.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

STERBA Y, WAHEZI D: Cross-sectional eval-
uation of hydroxychloroquine (HCQ) thera-
py in children with juvenile dermatomyositis
(JDM) enrolled in the childhood arthritis and
rheumatology research alliance (CARRA)
registry. Arthritis Rheumatol 2014; 66 [ab-
stract].

ANG GC, WERTH VP: Combination antima-
larials in the treatment of cutaneous der-
matomyositis: A retrospective study. Arch
Dermatol 2005; 141: 855-9.

OLSON NY, LINDSLEY CB: Adjunctive use of
hydroxychloroquine in childhood dermato-
myositis. J Rheumatol 1989; 16: 1545-7.
KISHI T, BAYAT N, WARD MM et al.: Medica-
tions received by patients with juvenile der-
matomyositis. Semin Arthritis Rheum 2018;
48: 513-22.

KIM S, KAHN P, ROBINSON AB et al.: Child-
hood Arthritis and Rheumatology Research
Alliance consensus clinical treatment plans
for juvenile dermatomyositis with skin pre-
dominant disease. Pediatr Rheumatol 2017,
15: 1.

JACOBS JC: Methotrexate and azathioprine
treatment of childhood dermatomyositis.
Pediatrics 1977; 59: 212-8.

NG YT, OUVRIER RA, WU T: Drug therapy in
juvenile dermatomyositis: Follow-up study.
J Child Neurol 1998;1 3: 109-12.

RAO AP, KOLLI V, RAJARATHINAM I, RAG-
HURAM J: Tacrolimus in refractory juvenile
dermatomyositis: Case report and review of
literature. Indian J Rheumatol 2020; 15: 205.
HASSAN J, VAN DER NET JJ, VAN ROYEN-
KERKHOF A: Treatment of refractory juve-
nile dermatomyositis with tacrolimus. Clin
Rheumatol 2008; 27: 1469-71.

YAMADA A, OHSHIMA Y, OMATA N, YASU-
TOMI M, MAYUMI M: Steroid-sparing effect
of tacrolimus in a patient with juvenile der-
matomyositis presenting poor bioavailabil-
ity of cyclosporine A. Eur J Pediatr 2004;
163: 561-2.

ODDIS CV, REED AM, AGGARWAL R et al.:
Rituximab in the treatment of refractory
adult and juvenile dermatomyositis and adult
polymyositis: A randomized, placebo-phase
trial. Arthritis Rheum 2013; 65: 314-24.
AGGARWAL R, BANDOS A, REED AM et al.:
Predictors of clinical improvement in ritux-
imab-treated refractory adult and juvenile
Dermatomyositis and adult polymyositis.
Arthritis Rheumatol 2014; 66: 740-9.
VARGAS LEBRON C, RUIZ MONTESINO MD,
MOREIRA NAVARRETE V, TOYOS SAINZ
DE MIERA FJ: Treatment with rituximab in
juvenile dermatomyositis: effect on calcino-
sis. Reumatol Clin (Engl) 2020; 16: 368-70.
AGGARWAL R, LONGANATHAN P, KOONTZ,
QI Z, REED AM, ODDIS CV: Cutaneous im-
provement in refractory adult and juvenile
dermatomyositis after treatment with rituxi-
mab. Rheumatology (Oxford) 2017; 56: 247-
54.

BADER-MEUNIER B, DECALUWE H, BARN-
ERIAS C et al.: Safety and efficacy of rituxi-
mab in severe juvenile dermatomyositis:
Results from 9 patients from the French au-
toimmunity and rituximab registry. J Rheu-
matol 2011; 38: 1436-40.

COOPER MA, WILLINGHAM DL, BROWN

Clinical and Experimental Rheumatology 2022



116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

DE, FRENCH AR, SHIH FF, WHITE AJ: Rituxi-
mab for the treatment of juvenile dermato-
myositis: A report of four pediatric patients.
Arthritis Rheum 2007; 56: 3107-11.
DEAKIN CT, CAMPANILHO-MARQUES R,
SIMOU S et al.: Efficacy and safety of cyclo-
phosphamide treatment in severe juvenile
dermatomyositis shown by marginal struc-
tural modeling. Arthritis Rheumatol 2018;
70: 785-93.

RILEY P, MAILLARD SM, WEDDERBURN
LR, WOO P, MURRAY KIJ, PILKINGTON CA:
Intravenous cyclophosphamide pulse thera-
py in juvenile dermatomyositis. A review of
efficacy and safety. Rheumatology (Oxford)
2004; 43: 491-6.

DOUDOULIAKI T, PAPADOPOULOU C,
DEAKIN CT: Use of rescue therapy with ivig
or cyclophosphamide in juvenile myositis.
Curr Rheumatol Rep 2021; 23: 24.

LAM CG, MANLHIOT C, PULLENAYEGUM
EM, FELDMAN BM: Efficacy of intravenous
Ig therapy in juvenile dermatomyositis. Ann
Rheum Dis 2011; 70: 2089-94.
AL-MAYOUF SM, LAXER RM, SCHNEIDER R,
SILVERMAN ED, FELDMAN BM: Intravenous
immunoglobulin therapy for juvenile der-
matomyositis: efficacy and safety. J Rheu-
matol 2000; 27: 2498-503.

SANSOME A, DUBOWITZ V: Intravenous im-
munoglobulin in juvenile dermatomyositis
- Four year review of nine cases. Arch Dis
Child 1995; 72: 25-8.
CAMPANILHO-MARQUES R, DEAKIN CT,
SIMOU S et al.: Retrospective analysis of
infliximab and adalimumab treatment in a
large cohort of juvenile dermatomyositis
patients. Arthritis Res Ther 2020; 22: 79.
RILEY P, MCCANN LJ, MAILLARD SM,WOO P,
MURRAY KJ, PILKINGTON CA: Effectiveness
of infliximab in the treatment of refractory
juvenile dermatomyositis with calcinosis.
Rheumatology (Oxford) 2008; 47: 877-80.
BOULTER EL, BEARD L, RYDER C, PILKING-
TON C: Effectiveness of anti-tumor necrosis
factor-agents in the treatment of refractory
juvenile dermatomyositis. Pediatr Rheuma-
tol 2011; 9: 029.

SPENCER C, ROUSTER-STEVENS K, GEWAN-
TER H et al.: Biologic therapies for refrac-
tory juvenile dermatomyositis: five years of
experience of the Childhood Arthritis and
Rheumatology Research Alliance in North
America. Pediatr Rheumatol Online J 2017,
15: 50.

ROUSTER-STEVENS KA, FERGUSON L,
MORGAN G, HUANG CC, PACHMAN LM:
Pilot study of etanercept in patients with re-
fractory juvenile dermatomyositis. Arthritis
Care Res 2014, 66: 783-7.

GREEN KL, TWILT M, SOUTHWOOD T:
The role of etanercept in juvenile dermato-
myositis (JDMS) in children. Pediatr Rheu-

Clinical and Experimental Rheumatology 2022

128.

129.

130.

13

132.

133.

134.

135.

136.

137.

138.

139.

140.

Juvenile dermatomyositis: where are we now? / L.J. McCann et al.

matol 2014; 12(S1).

DEGUZMAN M, SINGLA S, MIZESKO M,
SAGCAL-GIRONELLA AC: Abatacept as ad-
junct therapy for the calcinosis of juvenile
dermatomyositis: A single-center experi-
ence. Arthritis Rheum 2017; 69 (Suppl. 4).
SUKUMARAN S, VIJAYAN V: Risk of seri-
ous infections in juvenile dermatomyositis
patients treated with biological response
modifiers including rituximab and abatacept.
Arthritis Rheumatol 2017; 69 (Suppl. 4).
SUKUMARAN S, VIJAYAN V: Case report
Abatacept in the treatment of juvenile der-
matomyositis-associated calcifications in a
16-year-old girl. Case Rep Rheumatol 2020;
2020: 4073879.

. ARABSHAHI B, SILVERMAN RA, JONES 0OY,

RIDER LG: Abatacept and sodium thiosul-
fate for treatment of recalcitrant juvenile
dermatomyositis complicated by ulceration
and calcinosis. J Pediatr 2012; 160: 520-2.
CABRERAN,DUQUESNE A, DESJONQUERES
M, LARBRE JP,LEGA JC,FABIEN N, BELOT A:
Tocilizumab in the treatment of mixed con-
nective tissue disease and overlap syndrome
in children. RMD Open 2016; 2: ¢000271.
KIM H, DILL S, O'BRIEN M et al.: Janus ki-
nase (JAK) inhibition with baricitinib in
refractory juvenile dermatomyositis. Ann
Rheum Dis 2020 Aug 25,

YU Z,WANG L, QUAN M, ZHANG T, SONG H:
Successful management with Janus kinase
inhibitor tofacitinib in refractory juvenile
dermatomyositis: A pilot study and literature
review. Rheumatology (Oxford) 2021; 60:
1700-7.

SABBAGH S, DE JESUS AA, HWANG SJ et
al.: Treatment of anti-MDAS autoantibody-
positive juvenile dermatomyositis using to-
facitinib. Brain 2019; 142: 59.
AESCHLIMANN FA, FREMOND ML, DUFFY
D et al.: A child with severe juvenile der-
matomyositis treated with ruxolitinib. Brain
2018; 141: e80.

PAPADOPOULOU C, HONG Y, OMOYINMI E,
BROGAN PA, ELEFTHERIOU D: Janus kinase
1/2 inhibition with baricitinib in the treat-
ment of juvenile dermatomyositis. Brain
2019; 142: e8.

WILKINSON MGL, DEAKIN CT, PAPADO-
POULOU C, ELEFTHERIOU D, WEDDER-
BURN LR: JAK inhibitors: a potential treat-
ment for JDM in the context of the role of
interferon-driven pathology. Pediatr Rheu-
matol Online J 2021; 19: 146.

LE VOYER T, GITIAUX C, AUTHIER F-J et
al.: JAK inhibitors are effective in a subset
of patients with juvenile dermatomyositis: a
monocentric retrospective study. Rheuma-
tology (Oxford) 2021; 60: 5801-8.
WULFFRAAT NM, VASTERT B, SHARE CON-
SORTIUM: Time to share. Pediatr Rheumatol
Online J 2013; 11: 5.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

HUBER AM, GIANNINI EH, BOWYER SL
et al.: Protocols for the initial treatment of
moderately severe juvenile dermatomyositis:
Results of a children’s arthritis and rheuma-
tology research alliance consensus confer-
ence. Arthritis Care Res (Hoboken). 2010;
62:219-25.

HUBER AM, ROBINSON AB, REED AM et al.:
Consensus treatments for moderate juve-
nile dermatomyositis: Beyond the first two
months. Results of the second Childhood
Arthritis and Rheumatology Research Alli-
ance consensus conference. Arthritis Care
Res 2012; 64: 546-53.

HUBER AM, KIM S, REED AM et al.: Child-
hood arthritis and rheumatology research
alliance consensus clinical treatment plans
for juvenile dermatomyositis with persistent
skin rash. J Rheumatol 2017; 44: 110-6.
KIM H: Updates on interferon in juvenile
dermatomyositis: pathogenesis and therapy.
Curr Opin Rheumatol 2021, 33: 371-7.
DING Y, HUANG B, WANG Y et al.: Janus
kinase inhibitor significantly improved rash
and muscle strength in juvenile dermatomy-
ositis. Ann Rheum Dis 2020; 80: 543-5.
HEINEN A, SCHNABEL A, BRUCK N erf al.:
Interferon signature guiding therapeutic deci-
sion making: Ruxolitinib as first-line therapy
for severe juvenile dermatomyositis? Rheu-
matology (Oxford) 2021; 60: e136-¢138.
SOZERI B, DEMIR F: A striking treatment
option for recalcitrant calcinosis in juvenile
dermatomyositis: tofacitinib citrate. Rheu-
matology (Oxford) 2020; 59: e140-e141.
VAN DEN HOOGEN LL, VAN LAAR JM: Target-
ed therapies in systemic sclerosis, myositis,
antiphospholipid syndrome, and Sjogren’s
syndrome. Best Pract Res Clin Rheumatol
2020; 34: 101485.

KHOO T, LIMAYE V: Biologic therapy in the
idiopathic inflammatory myopathies. Rheu-
matol Int 2020; 40: 191-205.

TJARNLUND A, TANG Q, WICK C et al.:
Abatacept in the treatment of adult dermat-
omyositis and polymyositis: A randomised,
phase IIb treatment delayed-start trial. Ann
Rheum Dis 2018; 77: 55-62.

GLAUBITZ S, ZENG R, SCHMIDT J: New in-
sights into the treatment of myositis. Ther
Adv Musculoskelet Dis 2020 Jan 8; 12:
1759720X19886494.

PATWARDHAN A, SPENCER CH: Biologics
in refractory myositis: experience in juve-
nile vs. adult myositis; part II: emerging
biologic and other therapies on the horizon.
Pediatr Rheumatol Online J 2019; 17: 56.
WERTH VP, PEARSON D, OKAWA ] et al.:
610 Safety and efficacy of lenabasum in re-
fractory skin-predominant dermatomyositis
subjects treated on an open-label extension
of trial JBT101-DM-001. J Invest Dermatol
2019; 139: S105.

403



