Rheumatology International (2020) 40:191-205
https://doi.org/10.1007/500296-019-04467-6

Rheumatology

INTERNATIONAL

REVIEW q

Check for
updates

Biologic therapy in the idiopathic inflammatory myopathies

Thomas Khoo'® - Vidya Limaye®?

Received: 20 August 2019 / Accepted: 24 October 2019 / Published online: 4 November 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

The idiopathic inflammatory myopathies (IIM) are a group of autoimmune diseases resulting from inflammation of muscle
and manifesting as weakness, though a range of extra-muscular manifestations are observed. These are often correlated
closely with disease subtype and the presence of myositis-specific/myositis-associated antibodies. IIM are notoriously dif-
ficult to treat and often refractory to glucocorticoid therapy and synthetic immunosuppressants. Both the innate and adaptive
immune systems are implicated in the pathogenesis of IIM. A growing understanding of the key cytokines as well as the
cell-mediated and antibody effectors of disease has identified multiple potential targets for biologic therapy. The most widely
used of these is B-cell depletion via rituximab though the tumour necrosis factor inhibitors and other biologic therapies used
in diseases such as rheumatoid arthritis, systemic lupus erythematosus and multiple sclerosis have also been trialled. This
review summarises the literature thus far on biologic therapy in IIM, highlighting both the significant trials that influence
current treatment regimens and also the continuing need for further research to inform more effective therapies.
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Introduction Historically, IIM have been difficult to treat. Standard

therapies involve high-dose glucocorticoids and immu-

The idiopathic inflammatory myopathies (IIM) are a het-
erogenous group of systemic autoimmune conditions with
dominant effects on skeletal muscle, though a range of
extra-muscular features may be seen. The main subtypes
are defined histologically as polymyositis (PM), dermato-
myositis (DM), inclusion body myositis IBM) and immune
mediated necrotising myopathy (IMNM). IIM are associated
with significant disability from progressive weakness as well
as increased mortality especially from pulmonary and car-
diac complications [1].

No part of this article has been copied or published elsewhere in
whole or in part.

P4 Vidya Limaye
vidya.limaye @sa.gov.au

Thomas Khoo
thomas.khoo@sa.gov.au
1" Central Adelaide Local Health Network, Adelaide, Australia

Rheumatology Unit, Royal Adelaide Hospital, Adelaide,
Australia

Discipline of Medicine, School of Medicine, University
of Adelaide, Adelaide, Australia

nosuppressive agents such as methotrexate, azathioprine,
cyclosporine or mycophenolate mofetil [2]. A significant
proportion of patients have an incomplete response, need-
ing prolonged glucocorticoid treatment with its inherent side
effects and the consequences of incomplete disease control,
namely ongoing muscle damage [3]. Literature published
on IIM patients treated with these traditional approaches
has found that at least a third have some degree of disability
despite treatment [4, 5].

The advent of biologic therapies has held great promise
for autoimmune diseases, allowing the translation of our
understanding of specific processes in disease pathophysiol-
ogy to therapeutics targeting these autoimmune aberrancies.

In this narrative review, we aim to provide an up to date
summary of the current evidence for biologic therapy in IIM.

Diagnosis

The diagnosis of IIM is based on a constellation of clinical,
laboratory and imaging findings. In general, muscle weak-
ness, elevated levels of muscle enzymes (creatine kinase—
CK, lactate dehydrogenase, aspartate aminotransferase, ala-
nine aminotransferaseand aldolase), a myopathic triad on
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electromyography (small polyphasic motor unit potentials,
fibrillation potentials even at rest and bizarre high-frequency
repetitive discharges) and characteristic changes on muscle
MRI (such as muscle oedema on T2/STIR sequences [6]) are
all suggestive of IIM. There is also a growing range of auto-
antibodies identified, including both myositis-specific anti-
bodies (MSA) and myositis-associated antibodies (MAA)
which are linked to particular clinical and pathological man-
ifestations [7]. The most definitive diagnostic test remains
the muscle biopsy and the histopathology reflects underlying
differences in pathogenesis between the IIM subtypes [8].

Clinical features

Muscle weakness is the most prominent finding in patients
with IIM. PM and DM typically cause symmetrical proxi-
mal weakness of the upper and lower limbs while IBM is
uniquely characterised by finger flexor and quadriceps weak-
ness. DM also presents with skin manifestations including
a heliotrope rash, Gottron’s papules (erythematous papules/
plaques over the bony prominences of joints) and Gottron’s
sign (erythema of the extensor surfaces of the finger joints).
Antisynthetase syndrome (ASS) is a unique collection
of clinical features in the presence of antibodies directed
against aminoacyl transfer RNA (tRNA) synthetases [9]. It is
characterised by myositis (PM or DM), interstitial lung dis-
ease (ILD), inflammatory arthritis, Raynaud’s phenomenon
and thickening/cracking of the skin on the fingertips known
as mechanic’s hands [10]. Distinct antisynthetase antibodies
have different predilections for ILD and myositis [11].

Pathophysiology

Polymyositis is characterised as the prototypical T-cell
driven autoimmune myopathy, predominantly involving the
interaction of CD8+ cells and macrophages with MHC1-
expressing muscle fibres [12].

Dermatomyositis, on the other hand, involves a cellular
infiltrate composed of B-cells, T-cells (CD4+ more than
CD8+) and macrophages [8] with a histological appearance
of microvascular ischaemia via damage to the muscle capil-
laries though the mechanisms for this remain unclear [13].

Though IBM shares some features on muscle biopsy
with PM such as the CD8+ T-cell infiltrate, it is addition-
ally characterised by a parallel degenerative process, likened
to the “Alzheimer’s Disease of the muscle” with the finding
of rimmed vacuoles lined with granular material and mito-
chondrial changes, reflected by an increase in the number
of cytochrome c oxidase-negative fibres [14]. Special stains
reveal protein aggregates including amyloid, TDP43 and p62
thought to represent altered cellular autophagy of debris.
Electron microscopy has characteristic findings of cytomem-
branous whorls and tubofilamentous inclusions [15].
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Unlike the other subtypes, IMNM shows dominant myofi-
bre necrosis and a paucity of inflammatory cell infiltration.
Though it is associated with multiple causes (e.g. viruses,
statin medications and malignancy), the finding of autoan-
tibodies, namely to signal recognition particle (SRP) and
3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR) and
response to immunosuppression are supportive of an auto-
immune contribution to pathogenesis in some patients [16].

Beyond microscopy, a milieu of cytokines is implicated
in I[IM. A cytokine of significant interest is interferon 1 (IFN
1). Serum interferons as well as interferon-induced genes
(referred to as the “IFN signature™) in tissue samples are
upregulated in DM [17]. In vitro, IFN inhibits myotube for-
mation [18] and causes myofibre atrophy as well as vascu-
lar disruption of dermal microvascular epithelial cells [19]
accounting for the muscle and skin manifestations of DM.
Furthermore, IFN has been shown to stimulate the translo-
cation of high-motility group box 1 (HMGB1) protein from
the nucleus to the cytoplasm in muscle cells inducing the
abnormal expression of MHC-1, a key feature of PM and
DM [20].

Other pro-inflammatory cytokines implicated include the
IL-1 family as well as tumour necrosis factor o« (TNFa) both
of which are significantly upregulated in IIM [21, 22]. In
high concentrations, TNFa has a directly myopathic effect
and inhibits myofibre recovery [23].

A greater understanding of the immune mechanisms
involved in the pathogenesis of IIM has led to an interest
in exploiting these pathways as a therapeutic strategy. The
last few years have identified multiple targets for biologic
therapy.

Biologics targeting cellular pathways include: rituximab
which targets CD20+ B-cells and antibody effects, abatacept
which prevents T-cell activation by binding CD80/CD86 on
antigen presenting cells, and alemtuzumab which depletes
both B- and T-cells populations.

Targets for cytokine effectors include: TNF inhibitors
which limit the direct toxic effect of TNFa as well as its
amplification of inflammation, basiliximab and tocilizumab
which target the IL-2 and IL-6 receptors, respectively, and
sifalimumab which targets interferon pathways.

Search strategy

We analysed the evidence for the use of biologic therapeu-
tics in IIM described in articles published up to May 2019.
This was performed using the PubMed database and the fol-
lowing key terms: inflammatory myopathies OR myositis
OR polymyositis OR dermatomyositis OR anti-synthetase
syndrome AND the following agent specific terms: rituxi-
mab OR TNF inhibitors (OR infliximab OR adalimumab OR
etanercept OR golimumab OR certolizumab) OR abatacept



Rheumatology International (2020) 40:191-205

193

OR alemtuzumab OR basiliximab OR sifalimumab OR
tocilizumab.

Of these biologics, rituximab is the agent which has been
published about most prolifically. Fifty-one articles were
identified on rituximab in IIM including one randomised
controlled trial, four open label trials, twenty-three case
reports, ten case series, four prospective studies and nine
retrospective studies (two of which were registry based)
(Fig. 1).Table 1 summarises the key trials for biologic agents
in [IM.

Rituximab
Molecular mechanisms

Rituximab is a chimaeric murine/human monoclonal anti-
body targeting CD20 expressing cells. CD20 is found exclu-
sively on pre-B and mature B lymphocytes. While its precise
function is still largely unknown, its specificity to these cells
has made it a useful candidate for targeted therapies.
Circulating antibodies are found in up to 80% of patients
with [IM [24] and the role of B-cells in IIM is a key rationale
in the use of rituximab for B-cell depletion. DM is classi-
cally viewed as a humorally driven disorder given the finding
of B-cells in the inflammatory infiltrate on muscle biopsy

Fig. 1 Number of original arti-
cles published by biologic agent

[8]. However, whilst PM and IBM are traditionally concep-
tualised as primarily T-cell mediated diseases, autoantibod-
ies are still detected [25] and immunohistochemical stud-
ies confirm the presence of differentiated B-cells/CD138+
plasma cells in muscle tissue [26], providing a rationale for
B-cell directed therapies.

The depletion of B-cells that occurs with rituximab is
not permanent and repopulation typically occurs between
6 and 12 months though can be as delayed as 42 months
[27]. Though clinical relapse (defined as increasing weak-
ness or rising CK) appears to follow B-cell repopulation
in many cases [28, 29], there are reports of patients who
maintain clinical remission despite immune reconstitution
[27, 30]. This may be reflective of the long-term modula-
tion of B-cell subsets caused by rituximab. In the rheuma-
toid arthritis population treated with rituximab, analyses of
B-cell reconstitution have demonstrated lasting reductions of
CD27+ memory B-cells compared with pre-treatment levels
[31]. In patients with IIM relapse, retreatment with rituxi-
mab appears to be an effective strategy [30, 32].

Evidence for use
The only randomised controlled trial thus far has been the

rituximab in myositis (RIM) trial, published by Oddis et al.
[33]. This trial involved 200 patients (195 included in the

Rituximab
(n=51)

Infliximab
(n=9)

TNF inhibitors
(n=16)

Etanercept
(n=5)

PubMed database search
up to May 2019 for
original articles on
biologic therapy in

inflammatory myopathies

Abatacept
(n=4)

Adalimumab
(n=2)

Alemtuzumab
(n=4)

Basiliximab
(n=2)

Sifalimumab
(n=1)

Tocilizumab
(n=4)
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final analysis) who had treatment-refractory PM, DM or
juvenile DM, defined as intolerance or inadequate response
to glucocorticoids and at least one other immunosuppres-
sive agent. Patients were randomised to either the “rituximab
early” (receiving ritxumab on Day 1 and placebo 8 weeks
later) or “rituximab late” (receiving placebo on Day 1 and
rituximab 8 weeks later) streams of treatment. Improve-
ment was assessed by a composite measure, definition of
improvement (DOI) based on the International Myositis
Assessment and Clinical Studies (IMACS) criteria— >20%
improvement in three of any six core set measures (mus-
cle weakness using the Manual Muscle Testing 8 (MMT-8)
score, patient global assessment of disease activity, physi-
cian global assessment of disease activity, health assess-
ment questionnaire, muscle enzyme levels and global extra-
muscular disease activity) with no more than two of these
measures worsening by >25% on two consecutive monthly
visits. Though there was no significant difference between
the streams in the primary endpoint (time to achieving DOI),
it is highly noteworthy that overall, 83% of patients achieved
DOI by the conclusion of the trial at 44 weeks. Figure 2
summarises the key findings of RIM.

The RIM trial has been noted to have certain limitations.
Though the investigators initially expected the effect of
rituximab in more than half of the patients to be evident

by 8 weeks, this was not seen until 20 weeks; this impacted
upon the power calculations within the delayed-start design.
It is also possible that the 8-week placebo phase (chosen due
to ethical considerations) was too short resulting in no sig-
nificant difference between the streams of the study. Selec-
tion of patients was done according to histological diagnosis
with an adjudication committee reviewing medical records
and biopsy results though it is not explicitly stated what cri-
teria were used to differentiate PM from IBM [34]. Although
the appearance of these subtypes can be similar on biopsy,
IBM is generally held to be significantly more treatment
refractory [35].

Use in specific sub-groups

Post hoc analysis of the RIM trial investigated whether anti-
body profile determined response to rituximab and found
that the presence of anti-synthetase antibodies (most com-
monly anti-Jol) and anti-Mi2 antibodies strongly predicted
response [36]. A retrospective study published in 2019 spe-
cifically looking at anti-synthetase antibody-positive patients
who received rituximab compared with anti-synthetase
antibody-negative patients found that though both groups
showed moderate/major improvement after rituximab, only
the former experienced a significant glucocorticoid-sparing

200 patients randomised
(76 PM, 76 DM, 48 JDM)

[

)

195 with subsequent visit
able to be analysed

[

)

) (

Rituximab early (n = 93)

Rituximab late (n = 102)

All patients (PM/DM/JDM) Median time from

Primary endpoint randomisation to DOI =

20.0 weeks

Median time from
randomisation to DOI =
20.2 weeks

. | J . | J
4 N\ 4 N\
) Median time to DOI = 11.7 Median time to DOI = 19.6
JDM patients
weeks weeks
(. | J (. | J
4 N\ 4 N\
. Median time to DOI = 21.9 Median time to DOI = 24.0
PM patients
weeks weeks
| | J (. | J
s N s N
Median time to DOI = 20.4 Median time to DOI = 20.3

DM patients
weeks

J \

weeks

J Post-hoc analysis of factors with significant

effect on DOI using multivariable model

161 (83%) met DOI at end
of trial (44 weeks) in total

[

Anti-synthetase Ab, HR 3.08, p < 0.01
Anti-Mi-2 Ab, HR 2.5, p< 0.01

+

VAS < 23mm, HR 2.32, p = 0.02 (at week 8)

[

Mean prednisolone dose decreased
0 to 44 weeks (20.8 to 14.4mg/day)

JDM diagnosis, HR 2.45, p = 0.01 (at week 8)

)

DM = dermatomyositis, DOI = definition of improvement, HR = hazard ratio, JDM = juvenile

dermatomyositis, PM — polymyositis, VAS — visual analogue scale of global damage

Fig.2 Summary of the findings of RIM trial (Oddis et al. [33]) and post-hoc analysis (Aggarwal et al. [36]). DM dermatomyositis, DOI defini-

tion of improvement, HR hazard ratio, JDM juvenile dermatomyositis, PM
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polymyositis, VAS visual analogue scale of global damage
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effect [37]. Barsotti et al. similarly found that patients with
anti-synthetase antibodies (anti-Jo1, anti-P17 and anti-P112)
showed more improvement with rituximab than those with-
out these antibodies [38], whereas in a prospective study by
Mabhler et al. [39], rituximab response did not correlate with
presence of anti-Jol antibodies.

Anti-Jol titres themselves do not significantly change
after rituximab treatment and do not seem to correlate
with disease activity [29, 40]. Though some studies report
decrease in anti-Jol titres after rituximab [41, 42], patients
can still have detectable anti-Jo1 despite being clinically in
remission [43].

Interstitial lung disease (ILD) is an extra-musculoskeletal
manifestation which carries significant morbidity and mor-
tality in IIM [44]. The effect of rituximab on ILD is less well
defined than its benefits on muscle and current investiga-
tion is ongoing with a multicentre randomised controlled
trial (the RECITAL trial) in the UK comparing rituximab to
cyclophosphamide in the treatment of ILD associated with
connective tissue disease, including IIM [45]. In patients
who are positive for anti-melanoma differentiation-associ-
ated gene 5 (anti-MDAS) antibody, associated with clini-
cally amyopathic DM (CADM), a primary concern is rapidly
progressive ILD (RP-ILD). In one retrospective study, four
patients with CADM and ILD were given rituximab which
resulted in improvement in pulmonary function tests (PFT),
New York Heart Association (NYHA) functional grading
and decreased glucocorticoid dose [46]. Conversely, when
three patients with CADM and RP-ILD were given rituxi-
mab in another case series, the two which were anti-MDAS
positive died whereas the patient without this antibody
improved [47].

Dermatomyositis is clinically defined by its characteristic
skin manifestations. Few studies have examined the effect of
rituximab on the dermatological signs of DM with results
varying from no significant change in Dermatomyositis Skin
Severity Index [48] to complete recovery [49].

Cardiac involvement in IIM, including myocarditis,
fibrosis and arrhythmia is a negative prognostic factor [50].
There is only one case report on the use of rituximab in a
woman with DM found to have elevated cardiac biomarkers
(troponin T) as well as conduction abnormalities on Holter
monitor (multifocal atrial tachycardia, ventricular premature
beats and Mobitz type 1 AV block). Rituximab treatment led
to reversal of all these abnormalities [51].

There is limited evidence on the use of rituximab in [IM
other than PM and DM. In one retrospective analysis, 3/9
IMNM patients with anti-HMGCR antibodies responded to
rituximab [52]. Similarly, an Australian study found that of
eight IMNM patients receiving rituximab, only two had a
positive response allowing weaning of glucocorticoids and
intravenous immunoglobulin (IVIg) [53]. It is possible that
certain subgroups of IMNM may have a better response to

rituximab; a case series of eight patients describes dramatic
improvement in refractory anti-signal recognition particle
(anti-SRP) IMNM [54].

Two patients with IBM were included in a retrospec-
tive audit which predominantly examined patients with PM
and DM treated with rituximab. Neither of them showed
improvement in muscle strength or dysphagia post rituxi-
mab [38]. Similarly, one case report describes a patient with
rheumatoid arthritis and IBM; rituximab treatment led to
remission of arthritis but no improvement in muscle strength
[55]. This is consistent with the generally held notion that
IBM is refractory to immunosuppressive therapies.

Safety

The safety profile of rituximab has been reported exten-
sively in rheumatoid arthritis [56]. In IIM trials, both bac-
terial infections (predominantly pneumonia, cellulitis and
urinary tract infections) as well as herpes zoster reactivation
have been documented. Opportunistic infection with pneu-
mocystis jirovecii pneumonia has resulted in four deaths
[41, 51]. Non-tuberculous mycobacterium infections have
also been reported though whether these were unmasked
by immunosuppression or newly contracted is unclear [57].
Malignancy is commonly screened for in the DM popula-
tion and is of particular importance prior to commencing
immunomodulatory therapy. There is a surprising paucity
of reported malignant adverse effects in the IIM studies con-
sidered above though it is possible that this reflects a lack
of longer term follow-up. One patient died from colorectal
cancer post-rituximab [48] and another had a diagnosis of
new breast cancer metastases on the background of previ-
ously diagnosed breast adenocarcinoma [58]. The feared
complication of progressive multifocal leukoencephalopathy
(PML) is rare but has been noted in two cases, both times
fatal [59, 60].

TNF inhibitors

The tumour necrosis factor inhibitors (TNFi) are a group of
drugs which target TNFa, a cytokine which plays an integral
role in immune cell activation and proliferation as well as
further cytokine and chemokine production. There are cur-
rently five TNFi approved for use—infliximab, adalimumab,
etanercept, golilumab and certolizumab pegol though only
the first three of these have been investigated in relation to
IIM, with conflicting results.

Infliximab

Only one randomised, double blinded, controlled trial has
been performed on infliximab. Twelve patients (11 PM, 1
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DM) were enrolled. In phase 1, half of the patients were
randomised to receive infliximab at 5 mg/kg and the other
half to placebo. At 16 weeks, responders to infliximab
continued on this agent whereas non-responders escalated
to 7.5 mg/kg dosing. Patients receiving placebo crossed
over to 5 mg/kg infliximab at this point in the trial. Over-
all, only 1/6 patients from the phase 1 infliximab group
responded though 3/5 of the non-responders responded
to the increased dose. Two of six patients who crossed
over from placebo to infliximab responded. While this trial
was under-powered, it did demonstrate that some patients
respond to infliximab and response may be dose depend-
ent [61].

In a group of 14 patients with DM and ILD detected by
HRCT, Chen et al. found that ten responded to infliximab
with improvement in muscle, skin and lung manifestations.
The remaining four died from progressive respiratory fail-
ure. These patients had higher alveolar-arterial gradients
at baseline, suggesting that infliximab may have a more
favourable effect if given earlier in the disease process
[62]. However, an open label trial performed uniquely on
drug-naive patients with PM/DM given methotrexate and
infliximab, was terminated prematurely when 4/6 patients
withdrew due to worsening weakness, progression of ILD
and infusion reaction [63]. A negative result was also
found when infliximab was given to 13 patients with IIM
(5 PM, 4 DM and 4 IBM), none of whom improved in
manual muscle test [64].

Etanercept

Etanercept has shown similarly mixed results. Again, only
one randomised, double blinded, controlled trial has been
performed on 16 patients with DM, 11 of which were ran-
domised to receive etanercept and five to placebo. Five of
11 patients receiving etanercept were successfully weaned
off prednisolone and overall, the treatment group had a sig-
nificantly lower mean prednisolone dose as well as time to
treatment failure than the placebo group [65].

Iannone et al. investigated five patients previously treated
with cytotoxic therapy allowed to wash out before commenc-
ing etanercept (with prior prednisolone dosage maintained).
All patients experienced increase in weakness and elevation
of CK suggesting that etanercept is not effective without
concurrent cytotoxic treatment [66]. A retrospective study
of eight patients with refractory PM/DM who were com-
menced on TNFi (6 etanercept, 1 infliximab and 1 inflixi-
mab then etanercept) in addition to cytotoxics/intravenous
immunoglobulin found that six patients (5/6 who received
etanercept and the patient who had sequential therapy with
both agents) had improved muscle strength and decreased
subjective fatigue [67].
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Adalimumab

Two case reports have been published on adalimumab use
in IIM. Both patients were anti-Jol antibody-positive with
ILD and refractory to multiple immunosuppressives. Adali-
mumab led to improvement in muscle strength but no change
in ILD [68, 69].

Safety

From the literature on rheumatoid arthritis and spondyloar-
thropathies, TNFi are held to be generally safe and well
tolerated with the main concern being an increased risk of
infections and notably, tuberculosis [70]. Given only a small
number of investigations with limited sample sizes it is dif-
ficult to comment on the safety of TNFi in [IM. Tuberculosis
reactivation did not occur in any of these trials but serious
infection with pneumonia has been reported to occur as a
result of TNFi treatment [71].

TNFi causing IIM

A paradoxical relationship between TNFi and IIM has been
observed in patients with other autoimmune diseases where
new onset PM/DM has occurred following TNFi use. This
has predominantly been reported in patients with rheuma-
toid arthritis who have been given infliximab, etanercept or
adalimumab [72]. It is possible that these patients have an
RA-IIM overlap syndrome (though this is rare [73]) or that
they may have arthritis as part of anti-synthetase syndrome,
the full manifestations of which are unmasked by TNFi treat-
ment [74], but in almost all patients, withdrawal of TNFi
resulted in improvement of myositis [72]. One suggested
theory is that TNFa plays a role in inhibiting the produc-
tion of type I interferons by plasmacytoid dendritic cells and
the imbalance of these cytokines following TNFi treatment
results in the development of PM/DM through the interferon
pathways discussed above [17].

Notable myositis subgroups
Antisynthetase syndrome

Though the significance of antisynthetase antibodies in
rituximab has been discussed above, there have also been
reports and trials of biologic therapy in patients diagnosed
with antisynthetase syndrome (ASS).

An open label trial published in 2015 by Allenbach et al.
using rituximab in ASS patients refractory to conventional
therapies found that only two of ten patients achieved the
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primary endpoint of objective muscle strength improvement
in two different muscle groups. A non-significant increase in
overall median strength and decrease in CK was noted [75].

Interstitial lung disease is a feature of ASS that is associ-
ated with significant morbidity and mortality. In a cohort
of 24 patients with ILD as part of ASS, rituximab led to
improved pulmonary function test indices and reduced lung
inflammation as assessed by high-resolution CT (HRCT)
chest with the most profound effect found in patients who
had less than 12 months disease duration and/or current
acute exacerbation of ILD [41]. This finding is consistent
with other trials in ASS, suggesting that rituximab is effec-
tive in stabilising and/or improving ILD [42, 75, 76].

Interestingly, though ILD was the main focus of these tri-
als, two of them also demonstrated significant improvement
in manual muscle testing strength score and reductions in
CK levels after treatment with rituximab [41, 42].

Juvenile dermatomyositis

Though the current literature predominantly focuses on bio-
logic therapy in adult patients with IIM, there have been
some significant publications in juvenile dermatomyositis
(JDM). The opportunity to treat childhood myositis early
and effectively could hold great promise for long-term out-
comes in patients with JDM.

Though RIM was not powered towards analysis of myosi-
tis subtype, post hoc analysis has shown that patients with
JDM were more likely than adult PM/DM patients to have
a favourable response to rituximab. Furthermore, when
analysed in isolation, JDM patients did actually meet the
primary endpoint, with the rituximab early stream achiev-
ing DOI at 11.7 weeks compared to 20.2 weeks for the late
stream, in keeping with the delayed start design of 8 weeks
[36, 77].

A dedicated prospective study of JDM patients with
active disease despite conventional therapies found that
rituximab resulted in complete clinical response in the
domains of muscle and skin manifestations in three of six
patients. Calcinosis, a painful and debilitating complication
of JDM, did not improve in any of the patients. Furthermore,
non-responders were characterised by a longer disease dura-
tion than responders, highlighting the importance of early
treatment [78].

In contrast, a trial of infliximab in five patients with
refractory juvenile DM found improvement of muscle weak-
ness and calcinosis though not skin rash. Significantly, in
three of the patients, clinical improvement resulted in abro-
gation of the need for corticosteroids [79].

Rouster-Stevens et al. investigated the effect of etanercept
in a prospective analysis of nine patients with JDM. Only
two patients completed the 12-week treatment phase and
overall, unlike the aforementioned infliximab trial in JDM,

there was no change in serum muscle enzymes and no sig-
nificant improvement in disease activity score or childhood
myositis assessment scale [80].

Other biologic agents
Abatacept

Abatacept is a genetically engineered fusion protein syn-
thesised from the Fc portion of IgG1 and the extracellular
domain of cytotoxic T-cell lymphocyte-associated protein
4 (CTLA4). By binding to CD80 and CD86 on antigen-
presenting cells, abatacept prevents T-cell activation [81].

The largest randomised trial on abatacept in IIM (ARTE-
MIS) involved 20 patients (11 PM, 9 DM) who had active
disease despite glucocorticoids and at least one other immu-
nosuppressant for at least 3 months. With a delayed treat-
ment design, half of the patients commenced on abatacept
at week 0 and the other half at week 10. The primary end-
point was the number of responders at 6 months regardless
of treatment arm and nearly half the patients achieved this
with improvement in disease activity. Comparisons between
the arms of the study showed significant improvement in the
treatment arm over the delayed arm at both 3 and 6 months.
Notably, 75% of responders compared with 36% of non-
responders were on concomitant methotrexate [82].

In addition to this, there are two case reports on abata-
cept use in patients with IIM refractory to multiple agents
including other biologics—one with IMNM that relapsed
after rituximab in a patient intolerant of tocilizumab [83]
and the other in a patient with PM which worsened despite
etanercept and IVIg [84]. Both these patients are reported
improving in muscle strength and requiring lower doses of
glucocorticoids after abatacept administration.

Alemtuzumab

Alemtuzumab is a biologic therapy targeting the widespread
CD52 cell marker present on lymphocytes, eosinophils,
monocytes/macrophages and peripheral blood dendritic
cells. Binding of alemtuzumab to CD52 stimulates destruc-
tion of these cells resulting in depletion of both circulating
B-cells and T-cells [85]. Immune reconstitution is theorised
to favour immune regulation over autoimmunity and this
effect has resulted in well-recognised use of alemtuzumab in
the treatment of relapsing—remitting multiple sclerosis [86].

Two cases have been reported on alemtuzumab use in
refractory PM [87, 88]. Both were associated with improve-
ment in muscle strength and reduction in (but not normalisa-
tion of) CK levels. In one of these reports, despite muscle
response, the patient had progression of respiratory disease
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on alemtuzumab and eventually died from interstitial fibrosis
and pulmonary arterial hypertension [88].

Dalakas et al. published a proof of concept study in 2009
focusing on alemtuzumab in 13 patients with IBM who
had not received any immunosuppressants in the preced-
ing 12 months. Objective muscle testing scores were used
to compare deterioration in this 12-month period (mean
decrease of 14.9%) with the 6 months post alemtuzumab
administration (mean decrease of 1.9%), suggesting that in
this early period, lymphocyte depletion slowed the progres-
sion of disease with four patients demonstrating a gain in
muscle strength of at least 10%. This was correlated with
muscle biopsies at 6 months which showed a significant
decrease in endomysial T-cells [89]. As a proof of concept
study, there were significant limitations raised about com-
parisons between a 12-month and 6-month period, uncon-
trolled prophylactic antimicrobials used in addition to alem-
tuzumab as well as the possible placebo effect given the
unblinded nature of the study [90].

Basiliximab

Basiliximab is a monoclonal antibody targeting the alpha
subunit of the IL-2 receptor resulting in inhibition of IL-2
signalling, a key step in T-cell activation and proliferation.

There is one case report of a 42-year-old woman with
PM which responded to prednisolone and MTX but flared
when prednisolone was weaned. Basiliximab was given but
ceased prior to the sixth infusion due to lack of improvement
or tolerable reduction in glucocorticoid dose [91].

A small case series describes four patients with anti-
MDAS associated amyopathic DM with RP-ILD refractory
to glucocorticoids, cyclosporine and IVIg. With addition of
basiliximab, 3/4 patients had HRCT-confirmed improvement
in pulmonary disease [92].

Sifalimumab

Sifalimumab, a monoclonal antibody targeting IFNa, is cur-
rently undergoing trials in systemic lupus erythematosus
[93]. A randomised controlled, double blinded, crossover
trial by Guo et al. published in 2014 examined 48 patients
with DM/PM, half of whom received sifalimumab and the
other half placebo for 3 months before crossing over. Bio-
chemically, patients were assessed for dysregulated pro-
tein levels, some of which are known to be associated with
interferon. The levels of these proteins as well as clinical
muscle scores were measured before and after intervention
(sifalimumab or placebo). Sifalimumab, but not placebo,
was found to suppress multiple cytokines associated with
interferon and of these, reduction in IL-2RA had the strong-
est correlation with improvement in muscle strength. Two
patients with the greatest suppression of T cell-associated
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proteins had muscle biopsies after 3 months of sifalimumab.
Compared with their baseline biopsies, there was a pro-
nounced decrease in CD3 staining (a T-cell marker), sug-
gesting that suppression of proteomic profile in the periph-
eral blood reflects reduced inflammatory infiltrate in the
muscle [94].

Tocilizumab

Tocilizumab is a humanised monoclonal antibody which
antagonises the IL-6 receptor [95]. Four case reports exist
in the literature about tocilizumab use in refractory IIM
patients. Three of these patients had previously tried other
biologic therapy (rituximab [96, 97] and adalimumab [98])
without sustained improvement which they then achieved
with tocilizumab manifesting as reduced muscle weakness
and normalisation of CK.

Narazaki et al. reported two patients with an anti-Jo1 pos-
itive PM refractory to multiple immunosuppressants. In one
of these patients, tocilizumab resulted in glucocorticoid dose
reduction and normalisation of CK levels after two injec-
tions, whereas the second required increased frequency of
administration (4 weekly to 3 weekly) and 12 doses before
CK normalised and MRI of the thigh muscles showed reso-
lution of muscle oedema [99].

Conclusion

There is growing evidence that biologic therapy in IIM
has the potential to benefit patients with refractory dis-
ease, resulting in improved muscle strength, decreased bio-
chemical markers of muscle inflammation and weaning of
glucocorticoids. It is a significant barrier that [IM are rare
diseases and this limits sample size in trials. Furthermore,
though there have been significant steps in understanding the
pathogenesis of IIM, there is still much unknown about the
immune processes underlying these diseases.

Rituximab has been the most extensively investigated of
the biologic therapies and appears to be effective for patients
with PM, DM and JDM but less so for IBM and IMNM. It
has a variable benefit for extra-muscular manifestations and
subtleties of MSA profile may modulate its effectiveness.

Despite the theoretical role for TNF in the disease patho-
genesis of IIM, the TNFi have a significantly less consistent
effect on IIM in the literature than rituximab, sometimes
even causing worsening of disease potentially through their
ability to upregulate interferon pathways.

Other agents, though promising, are limited by minimal
trial data and small sample sizes.

With a lack of large cohort randomised controlled tri-
als, there is still no consensus on exactly what treatment
algorithm should be used for patients with I1IM, let alone
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how this might be modified for subtype or antibody profile.
Dosage of all the biologics mentioned above is derived
from trials in other autoimmune/oncology disease groups.

At our institution, it has been our practice to use ster-
oids together with either methotrexate or azathioprine
from the time of diagnosis. If a favourable response is not
detected within 2-3 months, combination therapy with the
two agents is employed, and thereafter if disease remains
refractory, escalation of treatment to rituximab (using two
intravenous doses of 1000 mg 2 weeks apart), or less com-
monly intravenous immunoglobulin (IVIg), is employed
(Fig. 3).

Overall, with a growing understanding of the pathogenic
mechanisms of IIM and the specific differences between
histological subtypes, the future of targeted therapy may
involve IIM specific drugs rather than extrapolating from
experience with other autoimmune diseases. However, pres-
ently, though it appears that biologics have the potential for
a profound effect on the lives of patients afflicted with IIM,
this is still a largely unexplored, untested and off-label area
of ongoing investigation. Ultimately, translational research
may enable personalised medicine in which treatments are
precisely targeted to dominant cellular/cytokine pathways
within an individual to optimise outcomes.

Fig.3 Our approach to the
management of inflammatory
myositis

profile

Confirmation of inflammatory myositis diagnosis

- Determination of extra-muscular features/presence of interstitial lung
disease/Raynaud’s/arthralgia
- Determination of myositis specific antibody (MSA)/myositis associated antibody (MAA)

- Muscle biopsy to confirm diagnosis

severe disease including:

Prognostication — to determine the presence of adverse prognostic factors/markers of

- Rapidly progressive severe muscle weakness
- Antibodies to Signal Recognition Particle (SRP)
- Serum creatine kinase (CK) level markedly raised

Treatment

prognostic factors)

contraindicated)

- Prednisolone 1 mg/kg (IV pulse methylprednisolone 1g daily for 3 days if adverse
- AND methotrexate weekly (azathioprine used first line if methotrexate is

- Monitor monthly (including clinical weakness, muscle enzyme levels, inflammatory
markers) with escalation of methotrexate to 25-30 mg/week

2-3 months

If ongoing disease activity:

cyclosporine)

- Add azathioprine (i.e. combination therapy)
- (If already on azathioprine, then addition of either mycophenolate mofetil or

2-3 months
y

If ongoing disease activity:

- Proceed to rituximab (1000mg x 2 IV infusions, 2 weeks apart) or intravenous
immunoglobulin (1VIg)
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