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Abstract
Objective
Juvenile idiopathic inflammatory myopathies (JIIMs) are a heterogeneous group of systemic autoimmune diseases.
Juvenile dermatomyositis (JDM) is the predominant form of JIIMs, and is a rare, chronic autoimmune illness
characterised by symmetric, proximal muscle damages and involvement of the skin. In the last two decades, the use of
monoclonal antibodies has also been expanded to JIIMs; however, there is limited evidence on use of these treatments.
We assessed the efficacyleffectiveness and safety of biologic agents in JIIMs.

Methods
A systematic literature review was conducted using Embase®, MEDLINE®, MEDLINE®-In Process and Cochrane library
to identify studies on biologics agents in JIIMs published in English language as full-text articles (1975 to December 2020)
or conference abstracts (2000 to December 2020).
Databases were searched with the key words regarding chronic myositis crossed with “biologic agents OR tocilizumab
OR rituximab OR adalimumab OR infliximab OR anti-TNF OR etanercept”. Of note, we did not include children, age,
or age limits in the search as medical subject headings terms because we may have been able to extract a sub cohort
of children from studies including both children and adults.

Results
Of the 1633 retrieved publications, 18 articles were identified for a total of 165 patients. In real-world studies, definition
of complete (CR) or partial response (PR) varied. JIIMs patients were most often treated with anti-TNF (88 pts); patients
received etanercept (ETA), 48 patients infliximab (IFX), 4 patients received adalimumab (ADA). In other 15 patients I[FX
was followed by ADA. Rituximab (RTX) was used in 73 children. A single case series reported the use of abatacept (ABA)
in 4 patients. Despite the reduced number of treated patients, complete response on myositis was reported in 29.6% (8/26)
patients treated with at least one anti-TNF and in 38% (10/26) treated by RTX. Complete response of skin vasculitis has
been reached in 33% (4/12) children on anti-TNF and in 36% on RTX (21/58). Anti-TNF agents might be efficient in
treating calcinosis lesions.

Conclusion
Currently, the available evidence regarding the use of biologic treatment in JIIMs results quite limited but suggest a
promising the use of anti-TNF agents and RTX in treating active JIIMs. Anti-TNF treatment might have a role in treating
calcinosis. However, an overall very low quality of the available studies and multiple confounding factors hamper to
suggest a treatment over another. Thus, randomised clinical trials are urgently required to attempt the optimal treatment
in real-world setting.
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Introduction

Juvenile idiopathic inflammatory myo-
pathies (JIIMs) are a heterogeneous
group of childhood-onset systemic, au-
toimmune diseases. Juvenile dermato-
myositis (JDM), the predominant form
occurring in children, represents the 85%
of cases (1-3). In this condition, a sys-
temic vasculopathy resulted in damage
inside muscle, skin and organs, leading
to the characteristic muscular weakness,
increased muscle enzymes and pathog-
nomonic skin rashes (4). Besides the
typical skin and muscle involvement,
other vital organs (i.e. lung, heart, gastro-
intestinal system) might be affected by
the inflammatory process, exposing the
child to life-threating complications (4).
Polymyositis accounts for 4-8% of all
myositis cases, whereas myositis over-
lapping with other connective tissue dis-
eases constitutes 6—12% of JIIMs (1-3).
The phenotypic variability of JIIMS
might result in different organ involve-
ment, variable disease trajectory and
overall-prognosis. Despite a highly
heterogeneous spectrum of the disease,
several studies have led to the identifi-
cation of specific subset characterised
by specific clinical features. In par-
ticular, autoantibodies have shown to
identify patient phenotypes, as in each
patient usually only one type of the so-
called myositis-specific autoantibodies
(MSAs) or myositis-associated autoan-
tibodies (MAAs) is found (5).

The identification of MSA or MAA
has also a prognostic value, as several
MSA have been shown to be associ-
ated to a worse prognosis in JIIMs. For
example, anti- transcriptional interme-
diary factor 1 gamma (TIF-1y) have
been associated to a more severe skin
involvement, with frequent lipodystro-
phy or skin ulceration (6).

The presence of anti-NXP2 antibody is
associated with histological features of
severe muscle ischaemia, thus leading
to profound muscular weakness, and
high risk of gastrointestinal perforation,
due to a severe vasculopathy. This JIIM
phenotype often requires multiple im-
munosuppressive treatments (7).
Anti-signal recognition particle (SRP)
and anti-hydroxy-metylglutaryl coen-
zyme A reductases (HMGCO) antibod-
ies features a different phenotype char-

acterised by severe necrotising myositis,
with scant inflammatory infiltrates and
mild or absent skin involvement, and a
severe disease course with need of mul-
tiple immunosuppressive treatment (8).
The JIIM treatment are borrowed from
studies performed in JDM patients,
without any attempt to stratify patients
according to clinical characteristic or
MSA profile (5).

Disease-modifying anti-rheumatic
drugs (DMARDSs), such as Methotrex-
ate or cyclosporin, in addition to gluco-
corticoids represents the current main-
standing therapeutic approach (9).
However, 30% of treated children with
JDM shows a resistant course (10) and,
in real-world setting, several other treat-
ments (IVIG, intravenous cyclophos-
phamide, plasma-exchange) have been
attempted as second-line strategies for
unresponsive patients. Available evi-
dence suggests a worse prognosis for
the other JIIMS (8, 11).

Due to the lack of randomised trials,
these therapies have not been stand-
ardised yet, thus leading to a wide off-
label use.

In the last two decades, the use of
monoclonal antibodies has also been
expanded to JIIMs, with a preference
for B-cell depleting or anti-TNFa
agents. As these medications might
indeed represent a promising and safe
therapeutic option, assessing the cur-
rent evidence about their use in JIMMs
became a mandatory need.

To date, no systematic evaluation on
biologic treatment has been provided
in JIIMs. The aim of our study is to ex-
amine the efficacy and safety of the cur-
rently used biologic agents for treating
JIIMs.

Material and methods

We retrieved current evidence on the
efficacy and safety of Biologic agents
for JIIM treatment by a systematic lit-
erature review. The results are shown
according to the Preferred Reporting
Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidelines for
reporting systematic reviews (12).

Eligibility criteria
To include eligible studies, patients
were required 1) to have disease onset

Clinical and Experimental Rheumatology 2022



at or before the age of 16 years; 2) to
start treatment before the age of 18; 3)
to have JIIMs with persistent muscular
inflammation and/or skin involvement
and treating physician decided to start
any biologic treatment 4) to be naive
to any biologic treatment and 5) to be
starting one of the available biologic
treatments for children as the first bio-
logic response modifier immunosup-
pressant medication. Furthermore, to
be eligible, studies were required 1) to
include standardised outcome measures
assessing the effectiveness of treat-
ment; in case of lack of definition of
the response according to a standard-
ised tool, improvement according to
the physician judgement was accepted,
if clearly stated; 2) to include at least
6-month period of follow-up. The In-
ternational Myositis Assessment and
Clinical Studies Group (IMACS) define
complete clinical response as a 6-month
continuous period of no evidence of
disease activity while still on myositis
therapy (13). In order to assess the ef-
fectiveness of treatment, we judged in-
active disease using this criterion.

The exclusion criteria were: 1) starting
time of biologic administration after 18
years of age, 2) lack of outcome meas-
urement in JIIMs activity, 3) studies not
reporting biologic treatment adminis-
tered as the first biologic treatment; and
4) individual case reports, because their
publication was likely importantly re-
lated to a positive outcome. We consid-
ered case series, retrospective studies,
and open label studies. Case series were
subdivided into moderate/large if they
had 4 or more cases or small if they had
less than 4 subjects.

Outcome measures

To assess efficacy in both the domains,
we separately analysed muscle and skin
involvement, as residual rashes fre-
quently remain after muscle remission
is reached. The main outcome measure
used to assess the biologic treatment
efficacy on muscle involvement was a
>6-month continuous period with no
evidence of disease activity while still
receiving myositis therapy, according
to IMACS definition of complete clini-
cal response. When not clearly stated,
data on muscle strength, Childhood
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Myositis Assessment Scale (CMAS)
score, enzyme levels, magnetic reso-
nance imaging findings were extracted
from each study to define complete
clinical response.

When available, we also extracted data
on remission, according to the IMACS
definition of a 6-month continuous pe-
riod of no evidence of disease activity
while off myositis therapy. For skin dis-
ease, complete response was defined as
clearance of cutaneous rashes.

Efficacy of biologics on calcinosis was
defined as absence of new lesions and
no further expansion of the existing
ones.

We defined partial response every im-
provement in each domain, not fulfill-
ing the definitions of response reported
above. Lack of improvement and the
need to switch to other treatment was
considered as a failure.

Information source

Publications included in the present
review were retrieved using a com-
puterised search of the following
databases: EMBase, Ovid Medline;
Evidence- Based Medicine (EBM) Re-
views: American College of Physicians
Journal Club; EBM Reviews: Cochrane
Central Register of Controlled Trials;
EBM Reviews: Cochrane Database
of Systematic Reviews, and EBM Re-
views: Database of Abstracts of Re-
views of Effects.

Publications, as full-text articles, be-
tween January 1975 and February
2020, and conference abstracts between
January 2000 and December 2020 were
included.

Search strategy

Databases were searched with the key
words “chronic myositis”, or ‘“der-
matomyositis”, or “inflammatory myo-
pathies”, or “refractory myopathies”,
or “refractory myositis”, or “autoim-
mune myositis”, or “inflamma$ myo$”
crossed with “biologic agents” OR
“tocilizumab” OR “rituximab” OR
“adalimumab” or “infliximab” or “anti
TNF” or “etanercept” or ‘“abatacept”.
Of note, we did not include children,
age, or age limits in the search as medi-
cal subject headings terms because we
may have been able to extract a sub-

cohort of children from studies includ-
ing both children and adults. No limita-
tion regarding the type of the study was
entered. This strategy excluded records
related to infectious and/or metabolic
myopathies/myositis.

Study selection

Two reviewers (SAR, EM) indepen-
dently screened the retrieved titles and
abstracts and excluded duplicates and
those obviously irrelevant. If the infor-
mation in the abstracts was insufficient
to make a decision, full papers were
retrieved. Full papers of the selected
articles were examined to determine
whether they satisfied the criteria (SAR,
VM, IM) and then confirmed by a sec-
ond reviewer (EM). The references of
all eligible articles including reviews,
expert opinion papers and systematic
reviews were manually searched for po-
tentially eligible publications. During
consensus meetings (SAR, EM, VM,
IM, GS), disagreements of selections
were resolved. In addition, we con-
tacted authors of studies to determine
whether data on an eligible subgroup
were available.

Data extraction and items

Data were extracted, independently,
by two reviewers (SAR, EM) using a
standard form, and checked by a third
reviewer (GS). The data items extract-
ed were as follows: study design, study
start/end dates, length of follow-up,
aim of the study, characteristics of par-
ticipants (number of children, gender,
age and associated conditions), previ-
ous and concomitant treatment, type of
biological drugs and the administered
dose, outcome measures and adverse
effects.

Results

Adhering to PRISMA guidelines, of the
1633 retrieved publications, 1417 pa-
pers were excluded by examination of
their titles and abstracts (Fig. 1).
Excluded studies were mainly inves-
tigations that did not report paediatric
cases, duplicates, review, studies that
do not address biologic therapy in pae-
diatric cases.

The full text of the remaining 216 stud-
ies was scrutinised. From the selection
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1633 articles

920 titles rejected

713 abstract review

|

457 abstracts rejected

¢

216 full text review

18 articles*®

-Single pediatric and adult case reports:

198 full text rejected:
-review: 72
-no English text available: 4

30
- duplicates: 2
- Not addressing biologic use: 43
- Biologic use in adults: 47

Rituximab
11

Anti-TNF Abatacept
7 1

Fig. 1. Diagram of the identification literature research.
*A single study included patients treated either with anti-TNF or rituximab.

process, a total of 18 relevant articles
were deemed eligible: 11 on RTX (14-
24), 7 on Anti-TNF-a agents (24-30),
1 on Abatacept (31). The article from
Tansley et al. included patients treated
with either infliximab (IFX) or RTX
(24). Of these 18 articles: 5 are case re-
ports and small case series with at least
1 paediatric patient (3 related to RTX, 1
to anti-TNF; 1 both RTX and anti-TNF),
11 are case series (5 regarding RTX
and 5 regarding anti-TNF, 1 abatacept)
and 2 are a sub-analysis of randomised
controlled trial for RTX. A total of
165 patients received biologics agents.
Clinical features are summarised in Ta-
ble I. Female sex was reported for 115
patients (71%); no data were available
for 4 patients. Presence of myositis-
specific antibodies were reported for 76
patients; anti-TIF1y were detected in
32 patients, anti-NXP2 in 23 patients,
anti-MI2 in 7 patients, anti-MDAS in
a single patient, anti-PL-7 in a single
patient, anti-synthetase not otherwise
specified in another patient. Seven other
patients presented an anti-SRP positive
JIIM and 4 with HMGCR-JIIM. Medi-
an age at treatment with biologic agents
was 15.3 years (range 7.4—18; data were
not available for 75 patients) and me-
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dian length of disease was 38 months (1
month (14)-129 months (27); data were
not available for 11 patients).
According received treatment, the 165
patients have been divided in three
groups: a group treated with RTX
(n=73), one with anti-TNF (n=88) and
an additional one, treated with differ-
ent biological drugs (n=4). Response to
skin and muscle disease was separately
assessed and the results are summa-
rised in Table IT and III, respectively.

Rituximab

The only one identified RCT was the
Rituximab in Myositis (RIM) trial (32):
in the RIM trial no paediatric data re-
garding efficacy on myositis could be
extracted since they were reported as
aggregate. The study from Rider ef al.
was an analysis of a subgroup of pa-
tients belonging to the RIM trial; thus,
paediatric data on efficacy on active
myositis could be extrapolated for 4
patients (19). On the contrary, a post-
hoc analysis from the RIM trial data has
been published from the same authors
to investigate efficacy of RTX on skin
disorders in 48 JDM patients (22).
Including the other 9 studies, RTX ad-
ministration was reported in 73 cases

(51 females, 22 males). 68 patients were
affected by JDM, 5 patients suffered
from other JIIM (3 anti-SRP myositis
(20); 2 anti-HMGC myositis (24)). Me-
dian age was 15.3 years (range 5.3—16
years). 4 patients from the Agarwal
study did not complete the follow-up.
Disease length was 6.8 years (range 1
month-8.4 years) (18).

Eighteen patients received 375 mg/m?
body surface area, administered as an
IV infusion once a week for 4 weeks.
The 48 patients extrapolated from the
RIM trial received 575mg/m? at each
infusion if body square area was <1.5
m?2, and adults and children with a BSA
>1.5 m? received 750 mg/m? up to 1
gram/infusion. In the study from Rider
et al. one patient in the ‘rituximab early’
arm received drug at weeks O and 1 and
placebo infusions were given at weeks
8 and 9. Conversely, 3 subjects in the
‘rituximab late’ arm received placebo
infusions at weeks O and 1 and rituxi-
mab at weeks 8 and 9 (19).

In 9 studies efficacies of RTX on mus-
cle involvement was assessed; 3 stud-
ies also analysed the efficacy on skin
disease while two studies evaluated
only the efficacy of RTX on skin mani-
festations.
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When analysing efficacy for myositis
(n=26), complete response was report-
ed for 10 children treated with RTX.
Due to severe capillary leak syndrome,
in one patient RTX was combined with
plasma exchange. Partial response
was seen in 9 other patients. Lack of
efficacy was reported for the other 7
patients. Two patients in the study of
Bader-Meunier et al. were excluded by
the analysis as data on the outcome af-
ter treatment with RTX were not avail-
able (18). In the study from Tansley et
al. a patient unresponsive to RTX, was
successfully treated later with IFX.
Fifty-eight patients were evaluated for
efficacy on skin vasculitis; efficacy on
calcinosis was evaluated in 32 patients.
RTX induced at least a partial improve-
ment in skin rashes in 50 out of 58 treat-
ed children, with 21 patients showing
complete response. In the study from
Agarwal et al. RTX was efficacious on
several skin manifestations: cutaneous
ulcerations (8/10 responsive patients),
erythroderma (14/19), erythematous
rash without ulceration or necrosis
(35/40), heliotrope (28/33), Gottron
sign/papules (21/44), periungual capil-
lary changes (14/37) and focal alopecia
(5/5). At the last follow-up, fifteen pa-
tients had resolution of any dermatomy-
ositis rash.

Other skin manifestation were only
poorly responsive to RTX: panniculitis
(2/5), erythematous rash with second-
ary changes of ulceration or necrosis
(5/15), diffuse alopecia (4/12) or me-
chanic hands (3/5) (22).

On the contrary, RTX was not effective
in treating calcinosis: only 1 patient ex-
perienced complete response, 3 partial
responses and lack of efficacy in the
remaining other 28 patients as reported
in Table III.

In the same cohort, three patients had
gastrointestinal involvement: RTX was
effective in two patients with active in-
flammation, whilst RTX did not confer
any benefit in another one with diffuse
gastrointestinal lipomatosis.

Mean follow-up duration was 17.2
months (median 11 months, range 10.5-
50 (14, 20)). One patient from Cooper
et al. experienced two relapses during
the follow-up time and required two
additional RTX infusion at 12 months
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and 14 months; one other patient expe-
rienced a relapse 12 months thereafter
(14). Dinh et al. reported a skin flare 9
months after the first cycle with need of
retreatment and subsequent infusions
every 4 months (21). On the contrary,
in the French cohort the reconstitution
of the B cell pool did not correlate with
relapse in muscle inflammation (18).
Complete clinical remission was
reached during the follow-up only from
3 patients, suggesting the severity of
the disease in these cohort of patients.
Furthermore, three patients unrespon-
sive to RTX were subsequently treated
with autologous stem-cells transplanta-
tion due to severe disease (16, 17).
Regarding safety of the RTX, a total
of 13 adverse events were reported: 9
infections; 3 infusion-related adverse
reactions; 1 gastrointestinal perfora-
tion. In the study from Bader-Meunier
et al., one patient experienced an acute
related infusion reaction at the onset of
the first infusion of RTX leaded to dis-
continuation of treatment (18).

Anti-TNF's

Considering all the eligible studies,
anti-TNF was the most used biologic
agent (53%). The majority of the ex-
tractable data have been obtained
from a large retrospective study from
Campanilho-Marquez et al. (30). A
total of 88 patients received these
medications; 61 were females and 27
males. Four patients were affected by
anti-SRP JIIM, other 2 patients by anti-
HMGCR JIIM. Median age was 12.1
years (6.25-18 years; data not avail-
able from 72 subjects), mean disease
length was 3.1 years (1.1 -10.8, data
not available from 5 subjects). Regard-
ing specific anti-TNF-a agents, 19 pa-
tients received etanercept (ETA), 48
patients infliximab (IFX), 4 patients
received adalimumab (ADA). In other
15 patients IFX was followed by ADA;
10 patients switched due to treatment
inefficacy, 4 patients due to severe ad-
verse events related to hypersensitiv-
ity reaction to IFX and 1 single patient
switched because of preferred subcuta-
neous administration of the anti-TNF
agent. Two patients were excluded
from the study of Campanilho-Mar-
quez due to infusion reaction after the

first administration of the medication.
Four patients were treated with ETA, 8
of them received one dose of 0.4 mg/
kg 2 time to week; the dosage was not
specified in the other 11 patients. Sixty-
three children were treated with IFX,
in 54 of these 6 mg/kg every 4 weeks
was used; 5 patients received a dose
of 3 mg/kg (week 0-2-6, subsequently
every 8 weeks), 3 patients received a
dose variable between 3 and 4 mg/kg.
For the other patient no information re-
garding IFX dose were available.
When analysing efficacy for active my-
ositis (n=27), complete response was
reported for 8 children treated with anti-
TNF. In the retrospective study by Sun
et al. a patient treated with ETN experi-
enced disease relapse while under med-
ication and required oral corticosteroids
to reach inactive disease (29).

One patient in the study by Green et
al. was excluded by the analysis due
to transfer of care, and lack of results
regarding efficacy of medication (28).
Partial response was seen in 9 patients.
In the study by Riley et al. one patient
showed a marked increase of CMAS,
reaching a score of 28/52 from a score
before IFX administration of 3/52. Lack
of efficacy was reported for the other 10
patients; 3 patients with anti-SRP JIIMS
showed no response to IFX (25) while
in other 7 children ETA was not effica-
cious in controlling disease (27-29). In
the study by Rouster-Stevens et al. two
patients with anti-SRP antibodies had a
concomitant interstitial lung disease, in
one of these ILD was unresponsive to
IFX treatment (25).

From only three studies data on efficacy
of anti-TNF on skin disease were ex-
tracted (n=12). In two studies anti-TNF
induced at least a partial improvement
in skin vasculitis in 10 treated children,
with 4 patients experiencing complete
response. Only two patients showed no
response to anti-TNF-a (26, 27).

When assessing efficacy on calcinosis
(n=25), 18 patients showed at least a
partial response, with 8 patients expe-
riencing complete clearance of the cal-
cinotic lesions in the study by Campa-
nilho-Marques et al. (30).

According to available data, no pa-
tients reached complete clinical remis-
sion after treatment with anti-TNF.
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Biologic treatments in juvenile idiopathic inflammatory myopathies / E. Marrani et al.

Due to the limited number of patients
treated with each anti-TNF and the het-
erogeneity of the data, we could not per-
form a head-to-head drug comparison.
During treatment with anti-TNF, 14 se-
vere adverse events were reported (9 al-
lergic reactions to IFX, 1 sepsis, 2 pneu-
monia, 2 infection of calcinosis). One
patient died due to gastric perforation,
but the event was referred by the authors
to inflammatory complication of JIIM
and not to anti-TNF treatment (30).
Eighteen non-severe events were also
reported (14 infection, 2 local injection
site reaction, 1 transient headache dur-
ing IFX infusion, and 1 skin rash).

The follow-up period for children re-
ceiving anti-TNF treatment was widely
different across the eligible studies,
ranging from a minimum of 6 month for
apatient in the study by Rouster-Stevens
et al. (27) to a maximum of 85 months
in the study conducted by Green et al.
(28); the median time was 12 months.

Other biological drugs

There are 4 patients treated with Abata-
cept for calcinosis in the study by De
Guzman et al. (31). ABA was adminis-
tered to 4 subjects with a dosage of 10
mg/ kg in weeks 0, 2, 4 and then every
4 weeks. The authors reported previ-
ous treatment with RTX in two of the
patients. All patients had clinical and
imaging improvement of calcinosis
with resolution of pain, tenderness, and
inflammatory changes at the sites of
calcinosis. No severe side effects were
reported during treatment.

Discussion

JIIMs represents a heterogeneous group
of chronic inflammatory diseases char-
acterised by a severe course in many pa-
tients. In JDM, the most common sub-
type of JIIM, the prognosis is variable,
with a low overall mortality of 2-3%,
and approximately 24—40% of patients
having a monocyclic course, recover-
ing with appropriate therapy within a
2-year period. However, the majority
(50-60%) of patients with JDM experi-
ences an chronic illness course (33, 34).
The first-line treatment of JDM is
based on the combination of DMARDs
(i.e. methotrexate or cyclosporine) and
glucocorticoids. Unfortunately, this
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approach is not always efficacy. In a
randomised clinical trial Ruperto et al.
have shown that at month 6, only 51%
of the patients treated with prednisone
and 70% of those on prednisone plus
cyclosporine or on prednisone plus
methotrexate showed a satisfactory
clinical improvement (10).

Moreover, in this clinical trial JDM
patients with severe ulceration of skin
or vital organ involvement (gastroin-
testinal tract, heart, or lung) were not
considered eligible. Thus, patients with
more severe phenotypes, likely as-
sociated with anti-TIFy or anti-NPX2
MSA, were probably excluded from
the study as MSA profile was not as-
sess during the study.

Thus, the real-life efficacy of DMARD
in JDM might be lower than the report-
ed one and treatment of unresponsive
patients to conventional treatment or
with severe disease is challenging and
several strategies have been attempted.
A prominent role as treatment for these
patients is represented by intravenous
immunoglobulin (IVIg). IVIg represent
a safe and effective therapy for most
subgroups of JIIMS since many years
and they are often use in combination
with other DMARDs to induce and
maintain remission (35).

Other intensive immunosuppressive
therapies such as azathioprine, mycophe-
nolate mofetil, and tacrolimus, have been
used, especially in severe patients. In
patients with life-threating complication,
the use of intravenous cyclophospha-
mide, plasma exchange or autologous
stem cell transplantation is advocated
(36), even in paediatric age (37, 38).
Biologic agents have been used in pa-
tients with inflammatory myositis since
few years. However, in a recent survey
by Childhood Arthritis and Rheumatol-
ogy Research Alliance (CARRA), more
than half of the responders, reported the
use of one or multiple biologic agents in
JDM, suggesting a role for RTX, ABA,
tocilizumab and anti-TNF-a agents in
refractory JDM (39). Moreover, the re-
sponse to medication was based on ex-
pert opinion and not evidence derived;
up to now no study has summarised the
current available evidence regarding
efficacy and safety of the biologics in
JIIMs.

Thus, the aim of our systematic review
was to identify all studies enrolling pae-
diatric patients with JIIMs, treated with
biologic agents, retrieving data from
published papers from 1975 to 2020.
We limited our analysis to childhood
age, but paediatric data could not be
extracted from the only randomised,
double-blind, placebo-phase controlled
clinical trial involving both JDM and
adult dermatomyositis, since they have
been reported in aggregated way (32).
We contacted authors to determine
whether information was specifically
available on children to allow the study
to be included, but the required data
were not extractable form the original
data set. This did not result in any ad-
ditional study being eligible. The main
outcome of the study was defined ac-
cording to IMACS response criteria
as 220% improvement in 3 of any 6
core set measures, with no more than 2
worsening by =25%. The MMT could
not be one of the worsening measures
(40).

This trial reports that RTX induces dis-
ease improvement in more than 80% of
enrolled patients, along with a significant
steroid tapering over time (32). More-
over, by a post-hoc multivariate analysis
Aggarwal et al. demonstrated that JDM
was associated with a better and more
rapid response to RTX, in comparison
to adult dermatomyositis (41). The pres-
ence of the MSA anti-Mi-2 was asso-
ciated with a better response to RTX;
these are reported in 3—4% of patients
with JDM. The same study reported a
better outcome when RTX was adminis-
tered to patients with lower myositis re-
lated damage; this findings in line with
the study by Bader-Meunier et al. which
reported that responders to RTX had a
shorter disease duration (<3.5 yrs.) than
non-responders (18).

Taking into account these data along
with the CD20 B-cell key role in driv-
ing muscular damage pathogenesis
(42), RTX, the most common CD20
B cell-depleting monoclonal antibody,
represents an appealing and reasonable
choice in treating JIIMs. Nonetheless,
the evidence coming from this sys-
tematic review, in our opinion, shows
that RTX remains a valuable treatment
option.
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According to our systematic review,
anti-TNF agents represent the most
common type of biologic agents used
in JJIIMs, and in JDM specifically.
However, we also could not extract
data on efficacy on skin vasculitis and
myositis from the largest study con-
ducted since now on anti-TNF-o.. Cam-
panilho-Marques et al. reported data
as aggregated and no data regarding
each single patient were available. Ef-
ficacy of the medication was reported
as an improvement of 4 Core outcome
variables for JDM proposed by IMACS
(CMAS, Manual Muscle Testing of 8
groups, physician’s global assessment
of disease activity, modified Disease
Activity Score as a measure of skin
disease activity) (30).

According to these retrospective stud-
ies, anti-TNF agents result in an im-
provement both on skin vasculitis and
active myositis. Moreover, in treated
patients a reduction in steroid dose was
also achieved.

Campanilho-Marques et al. also sug-
gested a drug-specific action for each
anti-TNF-a, with a limited role of ETA
in treating JIIMs. Indeed, it is well-
known from other diseases that ETA
might not show the same action as IFX
or ADA (43). Moreover, even if in our
study a head-to-head drug comparison
was not possible due to the limited
data, ETA showed a reduced efficacy
on muscle inflammation with only 16%
of treated patients reaching complete
clinical response also in our analysis.
As calcinosis is a severe complication
of JDM responsible of a high func-
tional impairment and no treatment is
still defined (44), treatment with IFX or
ADA might be useful in patients with
calcinosis.

Anti-TNF agents might reduce the pre-
existing lesions or preventing the de-
velopment of new ones. According to
the study from Campanilho-Marques et
al., a prolonged exposure to the medi-
cations is required as continuous treat-
ment for nearly 2 years is necessary to
get reduction in the number and size of
calcinosis (30).

The role for other biologic agents in
JIIM is even more conflicting and not
supported by evidence, despite the
wide use reported by paediatric rheu-
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matologists interviewed in the CARRA
study (39). Abatacept has been report-
ed as efficacious on calcinosis, but a
previous treatment with RTX in two of
the patients might have contributed, at
least in part, to the favourable outcome
of the patients (31). A clinical trial is
ongoing (ClinicalTrials.gov Identifier:
NCT02594735) and might further clar-
ify its role in JIIMs.

No studies on tocilizumab have been
included in this analysis. At the time
of this systematic review, only a single
case report was reported about a child
with overlap syndrome and predomi-
nant muscle involvement. The anti-IL6
agent was used to treat arthritis while
skin vasculitis and myositis were in re-
mission (45).

We acknowledge that this systematic
review has several caveats and limi-
tations, mainly related to the number,
quality, and design of the analysed
studies. The result of this systematic
review is based on publications of non-
controlled trials/case series, retrospec-
tive in most cases. Aside from the RIM
trial, however, no studies including
children and adults compare data with
a control group. Additionally, patients
received additional treatments in a very
heterogeneous way from one publica-
tion to another.

From most of the studies the propor-
tion of patients with complete clini-
cal response was obtained relying to
clinical judgement. The different used
outcome measures resulted not directly
comparable, and the follow-up periods
ranged widely. These further limitations
prompted us to not perform a statistical
analysis of the retrieved data, and rather
to simply describe the obtained results.
A major limitation is the wide hetero-
genicity in the definition of clinical re-
sponse, since only few studies adopted
an international validated definition of
clinical response or clinical remission.
The majority among the eligible stud-
ies adopted the definition of as for the
treating physician judgment, and, of
course, it is not an objective outcome
measure. Additionally, even when a
standardised definition is used, they
are not consistent and reliable each
other, as they consider different items.
In this clinical setting, PRINTO cri-

teria defined complete remission as a
Childhood Myositis Assessment Scale
of =48, the absence of skin disease and
a Physician’s Global Assessment Score
of <1 (46); differently, the Internation-
al Myositis Assessment and Clinical
Studies Group defined complete clini-
cal response as no evidence of active
myositis for 6 months while receiving
medications, and complete clinical re-
mission as no evidence of active my-
ositis for 6 months without receiving
medications (13). In 2016 the Ameri-
can College of Rheumatology/Euro-
pean Leagues Against Rheumatism
defined common criteria for defining
improvement in JDM (47); however,
till now, no study on biologic agents in
JDM adopted such composite criteria
to define response. Thus, combining
the different main outcome measures to
define a response item to the drug was
otherwise the only available measure
for assessing differences in JIIMs, and
thus to date, the only item able to com-
pare different studies, across different
decades and different JIIM diseases.

Another limitation is the wide hetero-
genicity of disease length at the time
of biologic administration; as reported
above for RTX, an early treatment ad-
ministration might induce a better re-
sponse and prevent the development
of permanent sequelae and disability.
Thus, study designs including homo-
geneous population with regard to dis-
ease damage score and disease length
would be useful to clarify this issue.

Moreover, a refractory disease, defined
according to the definition adopted by
the RIM trial (“the intolerance to or an
inadequate response to glucocorticoids
and at least one other immunosuppres-
sive or immunomodulatory agent”),
was the main indication for the use
of biologic agents in most of these
studies; thus, these patients showed a
wide variability in terms of previous
or concomitant treatment, including
DMARDs, corticosteroid and other
(i.e. plasma exchange, pamidronate).
For example, in the study from Campa-
nilho-Marques et al., 80% of patients
received =2 DMARDs before biologic
agents and in 50% anti-TNF-o were
used in combination with =2 other
medication, excluding corticosteroids.
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Therefore, the cumulative effect of
such sequential treatment could con-
tribute to determining the overall effi-
cacy of biologic agents. On the other
hand, we might speculate that earlier
use of biologic agents after accurate
patient selection might result in higher
efficacy of such medication, following
the “windows of opportunity hypothe-
sis” elaborated for rheumatoid arthritis
(48), and thus in a reduced burden of
disease complication.

However, in absence of higher-quality
studies, we had to accept open-label
studies, retrospective cohorts, and case
series and outline the poor quality of
evidence. The results of this systematic
review measured the current available
evidence of the biologic therapy in
JIIMs, thus highlighting the no solid
evidence of their current use and the
urgent need of RCTs and, overall, more
robust evidence in this clinical setting.
Due to the limited number of patients
and the overall very low quality of the
available studies, we could not adopt
a meta-analysis approach to directly
compare different treatments, includ-
ing the most representative approach-
es, RTX and anti- TNF-a. The very
low-quality data could have hampered
the definitive conclusions drawn about
reciprocal drug comparisons.

In conclusion, we fully recognise the
generally poor quality of evidence due
to the availability of eligible studies
and the inherent selection bias of this
analysis. The results of this review
could be anyway helpful for clinicians
in judging the utility of the available
treatments and their side effects on
JIIM prognosis, as well as in making
a therapeutic decision based on current
available evidence. Since the present
evidence arises from retrospective ob-
servational studies, multicentre RCTs
are still urgently needed to determine
optimal treatment protocols in child-
hood-onset JIIMs. Additional data are
promptly required from the JIIM re-
search groups to clarify the exact role
of the current available spectrum of
treatment and to unveil a different re-
sponse related to the type of used drug.
The recent insights in the pathogenic
role of myositis-specific autoantibod-
ies, genetic factors, and type 1 inter-
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feron pathways, should drive a better
stratification of patients according to
specific disease clusters. This process
might therefore contribute to a better
tailoring of candidate treatment. In the
future, the choice between DMARDs,
biologic agents, as well as other prom-
ising agents, as JAK-inhibitors (49-51)
might be differentiated from one clus-
ter, showing homogeneity in terms of
clinical presentations, disease compli-
cations and overall prognosis, to an-
other. In such complicated scenario,
the choice of biologics or small mol-
ecules in JIIM patients might also lead
by disease stratification and peculiari-
ties, rather than always by a step-up ap-
proach based on steroid plus one/sev-
eral non-biologic DMARD.

JIIMs, and specifically JDM, are of
course challenging and life-threating
diseases that deserve high quality of
evidence for appropriate therapeutic
decisions. According to this systematic
review, JIIMs do not currently have the
proper evidence-based treatment they
need.

References

1. FELDMAN BM, RIDER LG, REED AM, PACH-
MAN LM: Juvenile dermatomyositis and
other idiopathic inflammatory myopathies of
childhood. Lancet 2008; 371: 2201-12.

2. WEDDERBURN LR, RIDER LG: Juvenile der-
matomyositis: new developments in patho-
genesis, assessment and treatment. Best
Pract Res Clin Rheumatol 2009; 23: 665-78.

3. RIDER LG, KATZ JD, JONES OY: Develop-
ments in the Classification and Treatment
of the Juvenile Idiopathic Inflammatory
Myopathies. Rheum Dis Clin N Am 2013; 39:
877-904.

4. RIDER LG, NISTALA K: The juvenile idiopath-
ic inflammatory myopathies: pathogenesis,
clinical and autoantibody phenotypes, and
outcomes. J Intern Med 2016; 280: 24-38.

5. MCHUGH NJ, TANSLEY SL: Autoantibodies in
myositis. Nat Rev Rheumatol 2018; 14: 290-
302.

6. GUNAWARDENA H, WEDDERBURN LR,
NORTH J et al.: Clinical associations of au-
toantibodies to a p155/140 kDa doublet pro-
tein in juvenile dermatomyositis. Rheumatol-
ogy 2008; 47: 324-8.

7. WANG X, DING Y, ZHOU Z,HOU J, XU Y, LI JI:
Clinical characteristics and poor predictors of
anti-NXP2 antibody-associated Chinese JDM
children. Pediatr Rheumatol 2021; 19: 6.

8. PINAL-FERNANDEZ I, CASAL-DOMINGUEZ
M, MAMMEN AL: Immune-Mediated Ne-
crotizing Myopathy. Curr Rheumatol Rep
2018; 20: 21.

9. ENDERS FB, BADER-MEUNIER B, BAILDAM
E et al.: Consensus-based recommendations

13

16.

17.

18.

20.

21

22.

23.

for the management of juvenile dermatomy-
ositis. Ann Rheum Dis 2017; 76: 329-40.

. RUPERTO N, PISTORIO A, OLIVEIRA S 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.

. WATANABE Y, URUHA A, SUZUKI S et al.:

Clinical features and prognosis in anti-SRP
and anti-HMGCR necrotising myopathy. J
Neurol Neurosurg Psychiatry 2016; 87: 1038-
44.

. LIBERATI A, ALTMAN DG, TETZLAFF J et al.:

The PRISMA statement for reporting system-
atic reviews and meta-analyses of studies that
evaluate healthcare interventions: explana-
tion and elaboration. BMJ 2009; 339: b2700.

. RIDER LG, GIANNINI EH, BRUNNER HI et al.:

International consensus on preliminary defi-
nitions of improvement in adult and juvenile
myositis. Arthritis Rheum 2004; 50: 2281-90.

. COOPER MA, WILLINGHAM DL, BROWN DE,

FRENCH AR, SHIH FF, WHITE AJ: Rituximab
for the treatment of juvenile dermatomyosi-
tis: A report of four pediatric patients. Arthri-
tis Rheum 2007; 56: 3107-11.

. EL-HALLAK M, BINSTADT BA, LEICHTNER

AM et al.: Clinical effects and safety of ritux-
imab for treatment of refractory pediatric
autoimmune diseases. J Pediatr 2007; 150:
376-82.

TZARIBACHEV N, KOETTER I, KUEMMER-
LE-DESCHNER JB, SCHEDEL J: Rituximab
for the treatment of refractory pediatric au-
toimmune diseases: A case series. Cases J
2009; 2: 6609.

HOLZER U, VAN ROYEN-KERKHOF A, VAN
DER TORRE P et al.: Successful autologous
stem cell transplantation in two patients with
juvenile dermatomyositis. Scand J Rheuma-
tol 2010; 39: 88-92.

BADER-MEUNIER B, DECALUWE H, BARN-
ERIAS C et al.: Safety and efficacy of rituxi-
mab in severe juvenile dermatomyositis: Re-
sults from 9 patients from the French autoim-
munity and rituximab registry. J Rheumatol
2011; 38: 1436-40.

. RIDER LG, YIP AL, HORKAYNE-SZAKALY I et

al.: Novel assessment tools to evaluate clini-
cal and laboratory responses in a subset of
patients enrolled in the Rituximab in Myosi-
tis trial. Clin Exp Rheumatol 2014; 32: 689-
96.

BINNS EL, MORAITIS E, MAILLARD S et al.:
Effective induction therapy for anti-SRP as-
sociated myositis in childhood: A small case
series and review of the literature. Pediatr
Rheumatol 2017; 15: 77.

. DINH HV, MCCORMACK C, HALL S, PRINCE

HM: Rituximab for the treatment of the skin
manifestations of dermatomyositis: a report
of 3 cases. J Am Acad Dermatol 2007; 56:
148-53.

AGGARWAL R, LOGANATHAN P, KOONTZ D,
QI Z, REED AM, ODDIS CV: Cutaneous im-
provement in refractory adult and juvenile
dermatomyositis after treatment with rituxi-
mab. Rheumatology 2017; 56: 247-54.
ALHEMAIRI M, MUZAFFER M: Effectiveness
of rituximab therapy on severe calcinosis in 4
children with JDM. Pediatr Rheumatol 2017;
15.

469



Biologic treatments in juvenile idiopathic inflammatory myopathies / E. Marrani et al.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33

TANSLEY SL, BETTERIDGE ZE, SIMOU S et
al.: Anti-HMGCR autoantibodies in juvenile
idiopathic inflammatory myopathies identify
a rare but clinically important subset of pa-
tients. J Rheumatol 2017; 44: 488-92.
ROUSTER-STEVENS KA, PACHMAN LM:
Autoantibody to signal recognition particle
in African American girls with juvenile poly-
myositis. J Rheumatol 2008; 35: 927-9.
RILEY P, MCCANN LJ, MAILLARD SM, WOO
P, MURRAY KIJ, PILKINGTON CA: Effective-
ness of infliximab in the treatment of refrac-
tory juvenile dermatomyositis with calcino-
sis. Rheumatology 2008; 47: 877-80.
ROUSTER-STEVENS KA, FERGUSON L, MOR-
GAN G, HUANG C-C, PACHMAN LM: Pilot
study of etanercept in patients with refrac-
tory juvenile dermatomyositis. Arthritis Care
Res 2014; 66: 783-7.

GREEN KL, TWILT M, SOUTHWOOD T: The
role of etanercept in juvenile dermatomyosi-
tis (JDMS) in children. Pediatr Rheumatol
2014; 12: 279.

SUN C, LEE JH, YANG YH et al.: Juvenile
dermatomyositis: A 20-year retrospective
analysis of treatment and clinical outcomes.
Pediatr Neonatol 2015; 56: 31-9.
CAMPANILHO-MARQUES R, DEAKIN CT, SI-
MOU S et al.: Retrospective analysis of inf-
liximab and adalimumab treatment in a large
cohort of juvenile dermatomyositis patients.
Arthritis Res Ther 2020; 22: 79.
DEGUZMAN M, SINGLA S, MIZESKO M, SAG-
CAL-GIRONELLA AC: Abatacept as adjunct
therapy for the calcinosis of juvenile der-
matomyositis: A single-center experience.
Arthritis Rheum 2017; 69: 137-8.

ODDIS C V, 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.

. CHRISTEN-ZAECH S, SESHADRI R, SUND-

BERG J, PALLER AS, PACHMAN LM: Persistent
association of nailfold capillaroscopy changes
and skin involvement over thirty-six months
with duration of untreated disease in patients
with juvenile dermatomyositis. Arthritis

470

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Rheum 2008; 58: 571-6.

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

PATWARDHAN A: The value of intravenous
immunoglobulin therapy in idiopathic in-
flammatory myositis in the current trans-
formed era of biologics. Cureus 2020; 12:
e7049.

VERMAAK E, TANSLEY SL, MCHUGH NI:
The evidence for immunotherapy in der-
matomyositis and polymyositis: a systematic
review. Clin Rheumatol 2015; 34: 2089-95.
ZHU J, SU G, LAL J et al.: Long-term follow-
up of autologous hematopoietic stem cell
transplantation for refractory juvenile der-
matomyositis: a case-series study. Pediatr
Rheumatol Online J 2018; 16: 72.

FINE A, KARP JK, PEEDIN AR: The role of
therapeutic plasma exchange in clinically
amyopathic dermatomyositis with MDA -5
antibody: A case report and review of the lit-
erature. J Clin Apheresis 2020; 35: 483-7.
SPENCER CH, ROUSTER-STEVENS K, GEWAN-
TER H et al.: Biologic therapies for refractory
juvenile dermatomyositis: five years of experi-
ence of the Childhood Arthritis and Rheuma-
tology Research Alliance in North America.
Pediatr Rheumatol Online J 2017; 15: 50.
ODDIS CV, RIDER LG, REED AM et al.
International consensus guidelines for trials
of therapies in the idiopathic inflammatory
myopathies. Arthritis Rheum 2005; 52: 2607-
15.

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.
WIENKE J, DEAKIN CT, WEDDERBURN LR,
VAN WIJK F, VAN ROYEN-KERKHOF A: Sys-
temic and tissue inflammation in juvenile
dermatomyositis: from pathogenesis to the
quest for monitoring tools. Front Immunol
2018;9: 2951.

FOROUZANDEH M, VAZQUEZ T, NOURI K,

FOROUZANDEH B: The paradoxical induc-
tion of Crohn’s disease following treatment
of psoriatic arthritis with etanercept. J Drugs
Dermatol 2019; 18: 832-4.

44. ORANDI AB, BASZIS KW, DHARNIDHARKA

VR et al.. Assessment, classification and
treatment of calcinosis as a complication of
juvenile dermatomyositis: A survey of pediat-
ric rheumatologists by the childhood arthritis
and rheumatology research alliance (CAR-
RA). Pediatr Rheumatol 2017, 15: 71

45. CABRERA N, DUQUESNE A, DESJONQUERES

M et al.: Tocilizumab in the treatment of
mixed connective tissue disease and overlap
syndrome in children. RMD Open 2016; 2:
€000271.

46. RUPERTO N, PISTORIO A, RAVELLI A et al.:

The Paediatric Rheumatology International
Trials Organisation provisional criteria for
the evaluation of response to therapy in ju-
venile dermatomyositis. Arthritis Care Res
2010; 62: 1533-41.

47. RIDER LG, AGGARWAL R, PISTORIO A et al.:

2016 American College of Rheumatology/
European League Against Rheumatism crite-
ria for minimal, moderate, and major clini-
cal response in juvenile dermatomyositis: An
International Myositis Assessment and Clini-
cal Studies Group/Paediatric Rheumatology
Inter. Ann Rheum Dis 2017; 76: 782-91.

48. BERGSTRA SA, VAN DER POL JA, RIYAZI N et

al.: Earlier is better when treating rheuma-
toid arthritis: but can we detect a window of
opportunity? RMD Open 2020; 6: €001242.

49. KIM H, DILL S, O’'BRIEN M et al.: Janus ki-

nase (JAK) inhibition with baricitinib in
refractory juvenile dermatomyositis. Ann
Rheum Dis 2021; 80: 406-8.

50. PAIK JJ, CASCIOLA-ROSEN L, SHIN JY et al.:

Study of Tofacitinib In Refractory Dermato-
myositis (STIR): An open label pilot study
of 10 patients. Arthritis Rheumatol 2021; 73:
858-65.

51. 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 2021; 60: 1700-7.

Clinical and Experimental Rheumatology 2022



