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 CURRENT
OPINION Editorial introductions

Current Opinion in Rheumatology was launched in 1989. It is one of a successful series of review journals whose
unique format is designed to provide a systematic and critical assessment of the literature as presented in the many
primary journals. The field of Rheumatology is divided into 15 sections that are reviewed once a year. Each section
is assigned a Section Editor, a leading authority in the area, who identifies the most important topics at that time.
Here we are pleased to introduce the Journal’s Section Editors for this issue.

SECTION EDITORS

John Varga

John Varga, MD, is the John and
Nancy Hughes Distinguished
Professor at Northwestern Uni-
versity’s Feinberg School of
Medicine in Chicago, Illinois,
USA.

Born in Budapest, Hungary,
Dr Varga received his undergrad-
uate education at Columbia Uni-
versity in New York, USA. He completed his
medical studies at New York University, and fol-
lowing a rheumatology fellowship in Boston, USA,
undertook post-doctoral research training with
Professor Sergio Jimenez at the University of Penn-
sylvania, USA. In 2007, he was named the John and
Nancy Hughes Distinguished Professor at the Fein-
berg School of Medicine in Chicago, USA, where he
founded and directs the Northwestern Scleroderma
Program. His research focusing on the pathogene-
sis and treatment of scleroderma and fibrosis
bridges clinical and laboratory-based investiga-
tion.

Dr Varga is the author of more than 300 original
articles, 40 book chapters and four books. His
research has been funded by the National Institutes
of Health, the Department of Defense and
the Scleroderma Research Foundation. In 2007,
he was elected to the Association of American
Physicians.

Ingrid E. Lundberg

Doctor Ingrid E. Lundberg com-
pleted her medical education at
Karolinska Institutet, Stockholm,
Sweden in 1977. Her rheumatol-
ogy residency was completed in
1985. In parallel with clinical
rheumatology service, she com-
pleted her PhD with the title
‘‘Clinical and immunological
studies of patients with anti-RNP antibodies’’ at
Karolinska Institutet in 1991. After her PhD she
spent one year as a post doc at the neuromuscular
laboratory under Dr Andrew Engel at Mayo Clinic to
learn more about muscle histopathology and new
techniques to study molecular expression in muscle
tissue. In 1998 she was appointed associate professor
in rheumatology, and since 2003 she is full professor
in rheumatology at Karolinska Institutet combined
with a position as senior consultant at Karolinska
University hospital. Since 2012 she is chair of the
Rheumatology Unit, Department of Medicine,
Karolinska Institutet.

After her return from Mayo clinic in 1993 she
was recruited to Karolinska University hospital, and
Karolinska Institutet in Stockholm, where she estab-
lished a myositis clinic with a dedicated multidisci-
plinary team, and an associated translational
research project with the aim to achieve improved
understanding of molecular mechanisms that lead
to muscle weakness in patients with myositis.
Through her research she has demonstrated that
physical exercise, in contrast to the recommenda-
tions at that time, leads to increased muscle strength
and improved performance. Moreover, exercise can
reduce muscle inflammation. She has also estab-
lished national (SweMyoNet) and international
(www.myonet.eu) multidisciplinary collaborations
on myositis, important for this rare disorder.
Through the international MyoNet, and together
with Professor Vencovsky and Dr Chinoy, she has
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established an international web-based myositis reg-
ister (www.euromyositis.eu) which now has more
than 4 500 patients from 23 centers world-wide
enrolled. This is a longitudinal register to learn more
about prognostic markers and outcomes. The regis-
ter will also be a platform for future clinical trials.
Until now the register’s data has contributed to
genetic studies exploring risk factors of myositis.
Dr Lundberg has also been leading a multidisciplin-
ary project to develop new classification criteria for
myositis, EULAR-ACR classification criteria for myo-
sitis. She has published more than 200 papers in
international peer-reviewed journals and more than
15 book chapters.

Dr Lundberg has served as Advisory Editor and
Associate Editor of Arthritis & Rheumatology and
served as ACR Abstract Category Co-Chair for Mus-
cle Biology, Myositis and Myopathies. She joined
the International Myositis Assessment and Clinical
Studies (IMACS) from the start in year 2000. She has
served the Swedish Society for Rheumatology, the
Scandinavian Society for Rheumatology as president
and EULAR as chair of Standing Committee of Edu-
cation and Training (ESCET) and as member of the
executive committee.
Jiřı́ Vencovský
Jiřı́ Vencovský received his MD in
1980 from the Charles University
in Prague, Czechoslovakia. He
completed specializations in
internal medicine (1984), rheu-
matology (1987) and medical
immunology (1994) while work-
ing in the Institute of Rheumatol-
ogy in Prague. In 1988 he

defended PhD thesis on ‘‘Clinical and Immuno-
logical Characterization of Older Age Onset
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Rheumatoid Arthritis’’. In the years 1988, 1991
and 1992–93 he was a visiting scientist at the
Kennedy Institute of Rheumatology in London,
UK, where he worked under supervision of Professor
R.N. Maini. He was interested in autoantibodies
against p70 antigen of nRNP complex in patients
with connective tissue diseases and later on he also
worked under Professor R. A. Mageed on rheumatoid
factor immunoglobulin genes.

Since 1993 he has been the head of the Research
and Clinical Laboratory Departments of the Insti-
tute of Rheumatology. He has become Associate
Professor at Charles University in 1996 and full
Professor of Medicine in 2002.

Jiřı́ Vencovský is a current President of the Czech
Society of Rheumatology. He was an editor of the
journal ‘‘Czech Rheumatology’’ in 1998–2014. Pro-
fessor Vencovsky is a member of Editorial boards of
several scientific journals including Annals of Rheu-
matic Diseases, RMD Open and Clinical and Experi-
mental Rheumatology. In 2002–2005 he was a
member of the EULAR Scientific Committee and
chairman of the Abstract Committee for European
Congress of Rheumatology 2003/2004. Currently he
serves as the treasurer for FOREUM Foundation for
Research in Rheumatology. His research interests
include inflammatory idiopathic myopathies, auto-
antibodies in rheumatic diseases and treatment of
rheumatoid arthritis. He started myositis clinic in
Prague and was one of the founding members of the
European myositis registry. He organized/partici-
pated in several important studies in the field of
inflammatory myopathies, including therapeutic,
genetic and serological collaborations. Recently he
was a member of the steering committee for the
development of ACR/EULAR response criteria in
dermatomyositis and polymyositis. He has pub-
lished around 200 scientific papers, reviews and
book chapters. He is also a busy clinician and enjoys
both patient care and teaching.
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 CURRENT
OPINION Intestinal microbiome in scleroderma:

recent progress

Elizabeth R. Volkmann

Purpose of review

Our evolving understanding of how gut microbiota affects immune function and homeostasis has led many
investigators to explore the potentially pathologic role of gut microbiota in autoimmune diseases. This
review will discuss the rapidly advancing field of microbiome research in systemic sclerosis (SSc), an
incurable autoimmune disease with significant gastrointestinal morbidity and mortality.

Recent findings

Recent reports have identified common perturbations in gut microbiota across different SSc cohorts.
Compared with healthy controls, patients with SSc have decreased abundance of beneficial commensal
genera (e.g. Faecalibacterium, Clostridium and Bacteroides) and increased abundance of pathbiont genera
(e.g. Fusobacterium, Prevotella and Erwinia). Certain genera may protect against (e.g. Bacteroides,
Clostridium, and Lactobacillus), or conversely exacerbate (e.g. Fusobacterium and Prevotella) gastrointestinal
symptoms in SSc. These genera represent potential targets to avert or treat gastrointestinal dysfunction in SSc.

Summary

Emerging evidence suggests that alterations in gut microbiota exist in the SSc disease state; however, future
basic and clinical studies are needed to ascertain the mechanism by which these alterations perpetuate
inflammation and fibrosis in SSc. Therapeutic trials are also needed to investigate whether dietary interventions
or fecal transplantation can restore the gut microbial balance and improve health outcomes in SSc.

Video abstract

http://links.lww.com/COR/A38.
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INTRODUCTION

Accumulating evidence suggests that gastrointesti-
nal tract (GIT) microbiota has a profound effect on
human health and disease. The burgeoning body of
science investigating the microbiome has illuminat-
ed important relationships between alterations in
GIT microbiota and specific rheumatic diseases, in-
cluding systemic sclerosis (SSc). The present article
reviews the evolving association between GIT
microbiota and autoimmunity with a focus on the
SSc disease state. Specifically, this review highlights
recent reports revealing unique features of the GIT
microbiome in patients with SSc and posits how
these features may relate to clinical dimensions of
this disease. The present review also describes the
need for ongoing research in this area to better
understand the mechanistic and clinical implica-
tions of SSc-related GIT microbiota alterations and
how these data may inform the future discovery
and assessment of novel therapeutic interventions,
including fecal transplantation.

GASTROINTESTINAL TRACT MICROBIOTA
AND AUTOIMMUNITY

The pathological hallmark of autoimmune disease is
the loss of tolerance against nuclear self-constitu-
ents [1]. Although the biological underpinnings of
this process are largely unknown, recent reports
have demonstrated a link between commensal
GIT flora and the production of pathogenic auto-
antibodies [2]. Furthermore, studies indicate that
GIT microbiota plays a central role in the develop-
ment of innate and adaptive immunity [3–6]. For
example, the expression of nucleotide-binding
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KEY POINTS

� Emerging evidence suggests that GIT dysbiosis is a
feature of the SSc disease state.

� Recent studies demonstrate that patients with SSc have
decreased abundance of beneficial commensal
organisms and increased abundance of pathobiont
organisms.

� These organisms and their products offer potential
targets for intervention to restore gastrointestinal
microbial homeostasis in SSc.

� Future research is needed to determine how changes in
the microbiome may affect immune function and clinical
outcomes in SSc.

Raynaud phenomenon, scleroderma, overlap syndromes and other fibrosing syndromes
oligomerization domain 2, a protein associated with
innate immune responses, depends on the presence
of microbiota [7]. Moreover, the presence of micro-
biota also influences the peripheral differentiation
of T helper (Th) cells, such as T regulatory (Treg) and
Th17 cells [8].

However, the interplay between the micro-
biome and immune system is complex. Not only
does GIT microbiota shape the development of the
host immune system, but the immune system itself
can alter GIT microbiota [4]. Aberrations in this
cross-talk have been extensively explored in the
study of the pathogenesis of inflammatory bowel
disease (IBD). For instance, murine models deficient
in key immune components cause changes in mi-
crobial communities, and when these communities
are transferred to genetically normal mice, ulcera-
tive colitis develops [9].

In addition to IBD, emerging evidence suggests
that other diseases of the immune system affect GIT
microbial composition, including psoriasis [10],
rheumatoid arthritis (RA) [11] and graft-versus-host
disease [12]. Treatments directed toward suppress-
ing immune function in the aforementioned dis-
eases further influence the interplay between
microbiota and the immune system [13].
GASTROINTESTINAL DYSFUNCTION IN
SYSTEMIC SCLEROSIS

Our evolving understanding of the intersection
between immune function and microbiota has
prompted researchers to investigate the GIT micro-
biota in SSc, a systemic inflammatory disorder with
profound effects on GIT health and function. Unlike
other connective tissue diseases (e.g. RA and systemic
lupus erythematosus), GIT tract involvement occurs
in the majority of patients with SSc [14,15]. In fact,
 Copyright © 2017 Wolters Kluwer 
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after the skin, the GIT is the second most common
organ system affected in SSc [16].

The symptoms of GIT dysfunction (e.g. esoph-
ageal reflux, dysphagia, constipation, abdominal
pain, diarrhea, fecal incontinence and weight loss
[17]) adversely affect patient quality of life and
emotional well being [18–20]. However, treatments
for managing this dimension of SSc (beyond tem-
porizing measures to control symptoms) are lacking
because of the fundamental dearth of knowledge
regarding the pathogenesis of SSc-GIT dysfunction.

Historical data suggest that changes in the
microvasculature, autonomic nervous system and
immune system converge to cause smooth muscle
atrophy and gut wall fibrosis [21,22]. The role of
GIT microbiota in moderating these changes is
unknown. Yet, many patients with SSc experience
small intestinal bacterial overgrowth (SIBO) [15,17].
The primary cause of malabsorption in SSc, SIBO is
defined as a microbial concentration greater than
105 CFU/ml in a jejunal aspirate culture. SIBO is
more prevalent in patients with SSc compared with
healthy controls [23]. Moreover, in an unselected
cohort of patients with SSc, nearly half of all patients
(43%) fulfilled criteria for SIBO using a glucose
hydrogen methane (H2CH4) breath test and those
presenting with SIBO had more severe GIT symp-
toms than those without [24].

Antibiotics seem to improve symptoms related
to SIBO [23,24], albeit temporarily. In clinical prac-
tice, many patients receive frequent and rotating
cycles of broad-spectrum antibiotics to treat GIT
symptoms. The long-term effects of these repeated
antibiotic courses on GIT microbiota are unclear.
However, the observation that antibiotics generally
improve GIT symptoms suggests that alteration in
GIT microbiota is a feature of the SSc disease state.
GASTROINTESTINAL TRACT MICROBIOTA
IS ALTERED IN SYSTEMIC SCLEROSIS

Our group and others have sought to characterize
the lower GIT microbiota in SSc (Table 1)
[25

&

,26
&

,27
&&

,28
&&

]. In a small, unselected cohort of
patients with SSc, we demonstrated significant mi-
crobial community differences in SSc patients versus
healthy controls in the cecum and sigmoid regions
in patients undergoing colonoscopy [25

&

]. We
also observed significant genus-level differences be-
tween SSc patients and healthy controls, including
decreased beneficial commensal genera such as
Faecalibacterium, Clostridium and Rikenella, as well
as increased potentially pathbiont genera, including
Fusobacterium, Prevotella, Ruminococcus, Akkermansia
and the uncommon g-Proteobacteria, Erwinia and
Trabsulsiella.
Health, Inc. All rights reserved.
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Table 1. Increased and decreased microbial taxa in systemic sclerosis patients versus controls

Study Region Design/sample N Increased in SSca Decreased in SSca

Volkmann et al. [25&] Los Angeles, USA Cross-sectional/colonic
lavage sample

17b Lactobacillus;
Bifidobacterium;
Fusobacterium;
Erwinia;
Ruminococcus
Prevotella

Faecalibacterium;
Clostridium;
Rikenella

Volkmann et al. [26&] Oslo, Norway Cross-sectional/fecal sample 17 Lactobacillus Clostridium;
Bacteroides

Volkmann et al. [26&] Los Angeles, USA Cross-sectional/fecal sample 17b Lactobacillus;
Fusobacterium;
Erwinia;
Ruminococcus

Faecalibacterium;
Bacteroides

Andréasson et al. [28&&] Lund, Sweden Cross-sectional/fecal sample 98 Lactobacillus Faecalibacterium prausnitzii;
Clostridiaceae

Bosello et al. [29] Rome, Italy Cross-sectional/fecal sample 66 Lactobacillus;
Ruminococcus;
Roseburia;
Faecalibacterium

Clostridium;
Odoribacter;
Veillonella;
Prevotella

aRelative to healthy controls.
bThese are the same individuals. In Volkmann et al. [25

&

], we collected lavage specimens from the cecum and sigmoid colon during colonoscopy; in Volkmann
et al. [26

&

], we collected fecal specimens. The healthy control groups were composed of different individuals in the two studies.

Intestinal microbiome in scleroderma Volkmann
In the same SSc patient cohort, we analyzed
stool samples and again found significant microbial
community differences [26

&

]. Patients with SSc had
lower levels of the commensal genera, Bacteroides
and Faecalibacterium, and higher levels of pathbiont
genera, such as Fusobacterium, Ruminococcus and
Akkermansia. In both studies, the genera, Rumino-
coccus and Akkermansia, had the highest fold change
scores of all genera found to be enriched in the SSc
samples relative to the controls. Interestingly, these
two genera are associated with a fibrotic (stenozing)
phenotype of Crohn’s disease in a recent, relatively
large, inception cohort study of pediatric patients
with Crohn’s disease [27

&&

]. These findings could
suggest that Ruminococcus and Akkermansia (and
their metabolic products) perpetuate fibrosis in SSc.

The SSc patients in this study varied with regard
to disease duration, SSc subtype (i.e. limited versus
diffuse disease), age, GIT symptom severity and SSc
phenotype [i.e. the presence of interstitial lung dis-
ease (ILD)]. Very few patients in the study were
consuming immunosuppressant medications. The
small sample size precluded any statistically mean-
ingful subgroup analyses, but a striking observation
was that even patients with early disease (<3 years)
had significant changes in their lower GIT micro-
biota compared with controls. In a separate cohort
of SSc patients from Sweden, the extent of dysbiosis
did not correlate with disease duration, and the
presence of dysbiosis was prevalent among patients
with both early (<2 years) and long-standing disease
[28

&&

]. These findings suggest that dysbiosis may
 Copyright © 2017 Wolters Kluwe
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of symptoms or objective findings of dysmotility.

An unexpected finding from the aforemen-
tioned studies was that Lactobacillus, deemed a
beneficial commensal genera by several host inflam-
matory and physiologic endpoints in animal mod-
els, was found in greater abundance in SSc patients
compared with controls in the colonic lavage speci-
mens from the sigmoid and cecum regions [25

&

] and
in the fecal specimens [26

&

]. This observation has
been appreciated in three other SSc cohorts in which
fecal specimens were analyzed: Norwegian cohort
[26

&

], Swedish cohort [28
&&

] and Italian cohort [29].
Although the abundance of this genus is typically
reduced in chronic inflammatory states [30], this
finding is intriguing in light of recent evidence that
Lactobacillus reuteri may moderate GIT motility
[31,32]. For instance, administration of this species
reduced the frequency and contractility of motor
complexes, leading to diminished peristalsis, a com-
mon feature of SSc [31,32]. Increased abundance of
Lactobacillus is unlikely to be related to probiotic use
as very few patients in the University of California,
Los Angeles and Norwegian cohorts consumed pro-
biotics, and studies have demonstrated that inges-
tion of lactobacillus-bearing probiotics does not
measurably influence fecal microbial composition
[33]. Future studies are needed to determine wheth-
er members of the Lactobacillus genus and/or their
metabolic products alter the broader intestinal mi-
crobial ecosystem gene expression and function
in SSc.
r Health, Inc. All rights reserved.

rved. www.co-rheumatology.com 555



FIGURE 1. Significant differences in the b diversity of the
SSc and healthy samples as demonstrated by principal
coordinate analysis plots of the weighted UniFrac distance.
Each dot represents a sample from a UCLA-SSc patient
(open circle) or a healthy control (closed circle). Each star
represents a sample from a Norwegian-SSc patient
(abbreviated as OUH). The P-values provided were
calculated by analysis of variance using distance matrices.
The b diversity also differed between the UCLA-SSc and
OUH-SSc cohort patients (R2 0.145; P¼0.002).
Reproduced with permission from [26&].

Raynaud phenomenon, scleroderma, overlap syndromes and other fibrosing syndromes
THE EXTENT OF DYSBIOSIS IN SYSTEMIC
SCLEROSIS MAY VARY
GEOGRAPHICALLY

In an analysis of a cohort of unselected SSc patients
from Norway [26

&

], we demonstrated significant
microbial community differences in SSc patients
versus healthy controls. For instance, the commen-
sal genera, Clostridium and Bacteroides, were depleted
in SSc patients compared with healthy controls
[26

&

]. However, in a direct comparison of fecal
specimens from the UCLA-SSc cohort and the Nor-
wegian-SSc cohort, the overall extent of dysbiosis
appeared greater in the UCLA-SSc cohort [26

&

]. As
demonstrated in Fig. 1, the b diversity, a measure of
between-sample taxonomic diversity, was signifi-
cantly different between the two SSc cohorts. More-
over, the relative abundance of Bacteroidetes was
significantly decreased in both SSc cohorts com-
pared with the healthy control cohort; however,
the UCLA-SSc patients had the lowest proportion
of Bacteroidetes (21.3%), followed by SSc patients
in the Norwegian cohort (45.0%) and healthy
controls (63.2%). Studies have found that the
ratio of Firmicutes to Bacteroidetes may have an im-
portant effect on human health [34,35]; thus,
the proportional difference in the abundance of
Bacteroidetes between the two SSc cohorts may
have clinical significance. It bears mentioning that
 Copyright © 2017 Wolters Kluwer 
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Bacteroidetes was also depleted in SSc patients from
an Italian cohort compared with controls in a recent
abstract [29].

At the genus level, the commensal genera, Fae-
calibacterium and Bacteroides, were significantly
more abundant in the Norwegian-SSc patients com-
pared with the UCLA-SSc patients (Fold change
scores of 4.85 and 3.75, respectively). Taken togeth-
er, these findings suggest that GIT microbiota alter-
ations in SSc may vary by region. Possible reasons to
explain this disparity are numerous and may include
genetic differences, dietary variation, as well as dif-
ferences in the severity of SSc and/or the phenotypic
expression of SSc. In support of the latter hypothe-
sis, more SSc patients in the UCLA cohort had ILD
than in the Norwegian cohort [26

&

]. Emerging evi-
dence suggests that GIT microbiota may influence
immune responses in pulmonary disease, such as
asthma [36]. It is plausible that patients with SSc-ILD
may have distinct microbiota features compared
with SSc patients without ILD. In fact, Andreasson
et al. [28

&&

] demonstrated that the extent of GIT
dysbiosis was more severe in patients with ILD com-
pared with patients without ILD. Future studies are
needed to further investigate this hypothesis, and
these analyses should attempt to adjust for immu-
nosuppressant use, which is likely more prevalent
among patients with SSc-ILD and may also affect
GIT microbiota.
ALTERATIONS IN GASTROINTESTINAL
TRACT MICROBIOTA MAY AFFECT
SYSTEMIC SCLEROSIS-
GASTROINTESTINAL TRACT SYMPTOMS

Although no valid, objective measure of GIT dys-
function in SSc exists, the GIT 2.0 questionnaire is
commonly used to measure SSc-GIT symptoms in
both clinical practice and for research purposes [37].
The questionnaire consists of seven domains and
has been translated and validated in several lan-
guages. Scores on the GIT 2.0 can indicate self-rated
severity (i.e. none/mild versus moderate versus se-
vere/very severe disease) of GIT involvement based
on previously published score thresholds [37]. Ap-
plication of this questionnaire in SSc microbiota
studies has allowed researchers to begin to identify
specific microbial taxa associated with SSc-GIT
symptom severity (Table 2) [25

&

,26
&

,38].
In an analysis of colonic lavage specimens of

UCLA-SSc patients, patients with none-to-mild GIT
involvement (based on the total GIT score, diarrhea
domain and bloating/distension domain) had in-
creased abundance of the beneficial commensal spe-
cies, Bacteroides fragilis, in the cecum and sigmoid
compared with patients with moderate-to-severe GIT
Health, Inc. All rights reserved.
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Table 2. Summary of microbial taxa associated with systemic sclerosis-gastrointestinal tract symptoms

Study Region Design/sample N
Increased
GIT-symptomsa

Decreased
GIT-symptomsa

Volkmann et al. [25&] Los Angeles, USA Cross-sectional/
colonic lavage sample

17b Fusobacterium
Actinobacillus

Bacteroides fragilis
Candidatus arthromitus
Clostridium

Volkmann et al. [26&] Oslo, Norway &
Los Angeles, USA

Cross-sectional/
fecal sample

17b Prevotella;
Parabacteroides

Clostridium
Lactobacillus

Volkmann et al. [38] Los Angeles, USA Longitudinal/
fecal sample

17b Bacteroides

aIncrease abundance of these taxa is associated with increased/decreased GIT symptoms based on the GIT 2.0.
bThese are the same individuals. In Volkmann et al. [25

&

], we collected lavage specimens from the cecum and sigmoid colon during colonoscopy; in Volkmann
et al. [26

&

], we collected fecal specimens at baseline for the cross-sectional analysis [26
&

] and every 3 months over 12 months for the longitudinal study [38].

Intestinal microbiome in scleroderma Volkmann
involvement [25
&

]. In the cecum, patients with none-
to-mild scores for the GIT 2.0 diarrhea domain had
increased abundance of the genus Clostridium com-
pared with patients with moderate-to-severe diarrhea
scores [25

&

]. Similarly, in an analysis of fecal speci-
mens from the UCLA-SSc and Norwegian-SSc
cohorts, Clostridium was more abundant in patients
with none-to-mild GIT involvement (for the total
GIT score and the bloating/distension domain)
compared with patients with moderate-to-severe
GIT involvement [26

&

]. Lactobacillus was also more
abundant in patients with none–mild constipation
compared with patients with moderate–severe con-
stipation in an analysis of fecal specimens from the
UCLA-SSc and Norwegian-SSc cohorts [26

&

]. If
B. fragilis, Clostridum and/or Lactobacillus are found
in future studies to attenuate mucosal inflammation
in SSc, therapy directed at increasing the growth or
activity of these species may have a therapeutic ben-
efit for alleviating SSc-GIT symptoms.

On the contrary, increased abundance of Fuso-
bacterium was associated with more severe GIT dis-
ease in an analysis of the colonic lavage specimens
of UCLA-SSc patients [25

&

]. Fusobacterium species are
deemed pathobionts given their invasive nature and
ability to translocate into the blood and contribute
to systemic disease states [39–41]. In both Crohn’s
disease and ulcerative colitis, for example Fusobac-
terium species are increased compared with controls
[42,43], and when human isolates of Fusobacterium
varium are introduced into mice, mucosal erosions
develop in the colon [44].

Prevotella was also more abundant in patients
with moderate–severe GIT symptom severity (bloat-
ing/distention domain and diarrhea domain) com-
pared with patients with none–mild GIT symptom
severity in an analysis of fecal specimens from
the UCLA-SSc and Norwegian-SSc cohorts [26

&

]. Like
Fusobacterium, species of the Prevotella genus are
increased in Crohn’s disease [45]. Moreover, a recent
study found that patients with early RA had
 Copyright © 2017 Wolters Kluwe
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increased abundance of Prevotella copri, and when
fecal samples from these patients were introduced
into germ-free, arthritis-prone mice, the mice devel-
oped severe arthritis and harbored an increased
number of intestinal Th17 cells [46

&&

]. Understand-
ing how Fusobacterium and Prevotella moderate im-
mune responses in SSc may shed light on whether
these genera contribute to the pathogenesis of SSc.
LONGITUDINAL ASSESSMENT OF
GASTROINTESTINAL TRACT MICROBIOTA
IN SYSTEMIC SCLEROSIS

The aforementioned microbiota analyses in SSc were
cross-sectional. It is unclear whether the relation-
ships observed between specific genera and GIT
symptoms are causational and/or persist with time.
To address this limitation, our group has recently
embarked on a study to serially measure fecal speci-
mens in SSc patients every 3 months over a
12-month period [38]. In the first analysis of these
data, both the absolute and relative abundances of
specific genera did not change over time within
individual SSc patients. In addition, GIT 2.0 scores
did not change significantly over the course of the
12-month study within each SSc patient. We did
find that patients with lower abundance of Bacter-
oides throughout the study had increased GIT symp-
toms over time, even after controlling for age, sex,
ethnicity, disease duration and SSc subtype (i.e.
limited versus diffuse) [38]. However, larger and
longer studies are needed to determine temporal
patterns in the abundance of specific genera and
their relationship to SSc-GIT symptoms.
FUTURE RESEARCH QUESTIONS IN
SYSTEMIC SCLEROSIS
GASTROINTESTINAL TRACT MICROBIOME
STUDIES

The studies highlighted in the present review likely
represent the tip of the iceberg in SSc microbiome
r Health, Inc. All rights reserved.
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Raynaud phenomenon, scleroderma, overlap syndromes and other fibrosing syndromes
research. Ongoing research efforts in this area are
greatly needed to better understand the relation-
ships between GIT microbiota, immune responses
and clinical outcomes in SSc. To adequately address
these unanswered research questions, future studies
should also explore how specific factors can moder-
ate the GIT microbiota in SSc as outlined below.
Diet–microbe–host interactions

Additional research is needed to understand how
diet affects microbial composition in SSc. In a rela-
tively large study of Dutch patients (N¼1135), Zher-
nakova et al. [47] identified 60 dietary factors
affecting variations observed in the interindividual
distance of microbial composition. For example,
this study found that drinking low-fat milk (e.g.
buttermilk) was associated with higher diversity in
microbial composition compared with drinking
high-fat milk (e.g. whole milk) [47].

Moreover, while multiple factors affect GIT
microbiome composition (e.g. age, genetics and
diet), diet may represent the easiest factor to modify
for therapeutic means. Changing dietary intake
patterns can immediately and dramatically alter
GIT microbial composition and metabolic output
[48,49]. For instance, adoption of a diet low in
fermentable oligosaccharides, disaccharides, mono-
saccharides and polyols (FODMAPs) causes marked
alterations in the microbiome and metabolome
of patients with irritable bowel syndrome [50,51].
Although the low FODMAP diet is often prescribed
for patients with SSc, this approach has never
been formally studied in SSc. Future studies may
consider evaluating how this dietary intervention
affects microbial composition, as well as GIT symp-
toms in SSc.
The effects of dysmotility on microbiota

Impaired GIT motility is a hallmark of SSc. Precisely
how dysmotility affects the microbiota in SSc is
unclear. However, objective signs of intestinal stasis
are associated with an increased risk of SIBO [24].
Moreover, Andreasson et al. [28

&&

] found that the
degree of dysbiosis correlated with the degree of
dysmotility (based on cineradiography of esophage-
al function). No studies have evaluated the effects of
lower GIT dysmotility on microbiota in SSc. It is
furthermore unknown whether dysmotility itself
drives changes in microbial composition or changes
in microbial composition influence GIT motility in
SSc. To answer this question, longitudinal studies
are needed, which evaluate changes in microbial
composition and motility over time. These studies
should also include patients with normal GIT
 Copyright © 2017 Wolters Kluwer 
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motility perhaps by including SSc patients with very
early disease.
Using probiotics to modify the
gastrointestinal tract microbiota in systemic
sclerosis

Although antibiotics are an obvious way to manip-
ulate the microbiome in SSc, the long-term effects of
this approach are unknown and may pose more
harm than benefit [52]. A prospective study of
patients with Crohn’s disease found that antibiotics
exposure was associated with increased dysbiosis
over time [52]. Moreover, this approach is nonselec-
tive and may eliminate beneficial commensal organ-
isms associated with improved SSc-GIT symptoms.
Ingestion of selected strains of live bacteria (aka
probiotics) may be a safer alternative to ameliorat-
ing dysbiosis in SSc. The majority of studies on
probiotic use in autoimmune disease have focused
on IBD. Unfortunately, the results of these studies
have not been entirely promising [53,54]. One small
(N¼10), uncontrolled study evaluated the effects of
a 2-month course of daily probiotics [Align (Bifido-
bacterium infantis) or Culturelle (Lactobacillus GG)]
on GIT 2.0 scores in SSc [55]. This study found that
patients treated with probiotics had improved
reflux, distention/bloating and total GIT scores;
however, without a control group, the results are
inconclusive. Interestingly, we found increased
abundance of Bifidobacterium and Lactobacillus in
our UCLA-SSc cohort relative to controls [25

&

]. Thus,
future efforts to evaluate the effects of probiotics in
SSc may consider employing an approach to replen-
ish genera depleted in SSc or genera associated with
improved SSc-GIT symptoms.
Fecal microbial transplantation in systemic
sclerosis

Fecal transplantation, intestinal microbiota transfer
or fecal bacteriotherapy has recently gained interest
as a potentially effective treatment modality in au-
toimmune diseases. Although the application of this
approach dates back to the 4th century when hu-
man feces were used to treat various GIT diseases in
Traditional Chinese Medicine [56], it was not until
the 20th century that the Western world explored
the use of fecal transplantation to manage pseudo-
membranous colitis [57]. In terms of autoimmune
diseases, most fecal transplantation studies have
been performed in patients with IBD. However, a
recent review of the literature illustrated that while
some studies have demonstrated promising find-
ings, there are insufficient data to recommend fecal
transplantation in IBD [58]. Questions remain
Health, Inc. All rights reserved.
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regarding the optimal route of administration, fre-
quency of application, donor screening method,
donor stool preparation and preparation procedures
for the recipient (e.g. antibiotic administration prior
to transplantation) [59]. No studies have evaluated
fecal transplantation in the setting of SSc. However,
the introduction of a stable and complete commu-
nity of intestinal microorganisms may potentially
restore intestinal microbial homeostasis in SSc and
lead to improved clinical outcomes compared
with the ingestion of probiotics containing limited
bacterial species.
CONCLUSION

Until recently, the intestinal microbiota remained an
unexplored area of SSc research. However, in the past
2 years, new reports have demonstrated that the
SSc disease state is associated with alterations in lower
GIT microbiota characterized by depletions in bene-
ficial commensal genera (e.g. Faecalibacterium, Clos-
tridium and Bacteroides), as well as enrichments
in potentially pathbiont genera (e.g. Fusobacterium,
Prevotella, Ruminococcus and Akkermansia and the
uncommon g-Proteobacteria, Erwinia and Trabsul-
siella) [25

&

,26
&

,28
&&

]. Furthermore, cross-sectional
and longitudinal analyses have demonstrated that
specific genera are associated with GIT symptom
severity. Numerous questions remain regarding the
role of GIT microbiota in perpetuating immune
responses in SSc and affecting clinical outcomes.
Future basic and clinical studies are needed to
further define the GIT microbiota in SSc and identify
specific strategies to modify microbial composition
to improve health outcomes for patients with SSc.
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 CURRENT
OPINION New insights into the recognition, classification

and management of systemic sclerosis-associated
pulmonary hypertension

Christopher J. Mullin and Stephen C. Mathai

Purpose of review

Pulmonary hypertension is a common complication of systemic sclerosis (SSc), and remains a leading cause
of morbidity and mortality. We will review recent developments in the recognition, classification and
treatment of pulmonary hypertension in SSc.

Recent findings

Advances in screening for pulmonary arterial hypertension (PAH) and use of exercise haemodynamics may
help to identify pulmonary vascular disease earlier in SSc. Recent studies have led to changes in
recommendations for adjunct therapy and selection of pulmonary vasodilators for the treatment of
SSc-associated PAH.

Summary

Recent advances in the diagnosis, classification and management of pulmonary hypertension in SSc have
continued to improve our understanding of this challenging disease. Ongoing investigation in the
pathogenesis of this disease will afford the opportunity to develop targeted therapies to improve outcomes
for SSc patients with pulmonary hypertension.

Keywords

exercise, pulmonary hypertension, screening, systemic sclerosis, therapy

INTRODUCTION

Pulmonary arterial hypertension (PAH) is defined
as a mean pulmonary artery pressure (mPAP) at
least 25 mmHg, pulmonary artery wedge pressure
(PAWP) of 15 mmHg or less and pulmonary vascular
resistance (PVR) more than 3 Wood units (WU) in
the absence of parenchymal lung disease, chronic
thromboembolic disease or other uncommon dis-
eases [1,2

&&

]. Although rare in the general popula-
tion, PAH is relatively common in systemic sclerosis
(SSc), with an estimated prevalence of 7–12% [3–5].
PAH remains a leading cause of morbidity in SSc [5],
and PAH related to SSc (SSc-PAH) carries a worse
prognosis than idiopathic PAH (IPAH) and PAH
related to other connective tissue diseases [6,7].

Given the significant morbidity and mortality
with SSc-PAH, there is great interest in improving
outcomes. There have been many advances in the
specific therapies for PAH, which are also applicable
specifically to SSc-PAH. However, because of the
unique epidemiology of SSc-PAH, advances in
improving the recognition and classification of
pulmonary hypertension specifically in SSc are

equally as important in improving outcomes in
SSc-PAH.

RECOGNITION OF PULMONARY
HYPERTENSION IN SYSTEMIC SCLEROSIS

Early detection of pulmonary vascular disease in SSc
is widely considered to be essential to reduce the
morbidity and mortality in SSc-PAH, particularly as
PAH is often diagnosed late in disease progression
[8,9

&

]. There are two main considerations for detect-
ing early pulmonary vascular disease in SSc to
improve screening methods to identify SSc patients
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KEY POINTS

� Advances in screening protocols may lead to earlier
identification of pulmonary hypertension in patients
with scleroderma.

� Exercise challenges during right heart catheterization
identify patients with early pulmonary vascular disease
who may have outcomes as poor as those with resting
pulmonary arterial hypertension.

� Oral anticoagulation should not be routinely prescribed
for management of PAH in SSc-PAH patients.

� Combination therapy with ambrisentan and tadalafil in
treatment-naive SSc-PAH patients reduces time to
clinical worsening and improves measures of right
ventricular function.

� Several clinical trials of novel therapies for PAH
targeting pathways relevant to both PAH and SSc are
ongoing and will offer new insights into clinical
management of this disease.

Raynaud phenomenon, scleroderma, overlap syndromes and other fibrosing syndromes
with PAH as early as possible after they develop the
disease, and to identify pulmonary vascular disease
before it results in elevations of resting pulmonary
artery pressures, typically with an exercise challenge.
Screening for pulmonary hypertension in
systemic sclerosis

Current guidelines recommend annual screening of
all patients with SSc for PAH [10]. The DETECT algo-
rithm is a two-step process developed to screen for
PAH in SSc [11] that uses a combination of clinical,
laboratory, pulmonary function, electrocardiograph-
ic and echocardiographic parameters to determine
referral for diagnostic right heart catheterization
(RHC) (Fig. 1). This algorithm recommended RHC
in62% of the cohortof at-risk SSc patients fromwhich
it was derived, and missed only 4% of PAH cases [11].
Two recent studies have prospectively evaluated the
performance of the DETECT algorithm in an unse-
lected cohort of SSc patients [12,13]. In both studies,
the DETECT algorithm recommended more patients
be referred for RHC than per European Society of
Cardiology (ESC)/European Respiratory Society
(ERS) guideline criteria [14]. In one study, the four
patients diagnosed with PAH screened positive by
both criteria (i.e. a diagnosis was not missed by guide-
linecriteria) [12], while in the other study, six patients
who did not initially meet ESC/ERS guideline criteria
were diagnosed with PAH after 2 years of follow-up.
All of these patients screened positive by DETECT for
at least a year before they were referred for RHC [13].
Taken together, this suggests that the DETECT
 Copyright © 2017 Wolters Kluwer 
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algorithm may be more sensitive than current guide-
line screening criteria, although larger studies are still
needed. Widespread use of the DETECT algorithm is
somewhat challenging because the two required
echocardiographic parameters are either not routine-
ly measured (right atrium area) or technically feasible
on every patient (tricuspid regurgitant jet velocity). In
a large Australian SSc cohort, less than half of SSc
patients underwent yearly echocardiograms [9

&

], so
practically speaking, the specific screening criteria
used may be less important than simply improving
adherence to any screening protocol.
Exercise pulmonary hypertension in systemic
sclerosis

Although the definition of pulmonary hypertension
is based on a resting mPAP at least 25 mmHg, it is
estimated that50–70% of the pulmonary vasculature
needs to be affected or obstructed before resting
mPAP is elevated [15]. An abnormal pulmonary hae-
modynamic response to exercise, or exercise pulmo-
nary hypertension (Ex-PH), has been postulated to
represent early pulmonary vascular disease, and thus
exercise haemodynamics is an area of active research.
Right ventricular function is worse in SSc-PAH com-
pared with IPAH despite similar afterload [16], and
more recent work has shown that right ventricular
contractile reserve is depressed in SSc-PAH compared
with IPAH, and is associated with right ventricular
dilationand worseningventricular-vascular coupling
with exercise [17

&&

]. This difference in right ventricu-
lar function with exercise is one of many reasons why
there is a strong interest in studying pulmonary
vascular responses to exercise in SSc.

Ex-PH was previously defined as a mPAP more
than 30 mmHg with exercise. These criteria were
included in guidelines for the diagnosis of PH, but
was removed in 2009 guidelines because of concerns
about the pressure cut-off (upper limit of normal
mPAP with exercise may exceed 30 mmHg) and lack
of standardization of exercise protocol (modality,
duration, workload) [18]. Since then, the impor-
tance of the relationship between mPAP and cardiac
output during exercise has been further elucidated
[19,20], and although there is currently no consen-
sus definition of Ex-PH, a mPAP more than
30 mmHg and transpulmonary gradient (TPG) more
than 3 WU at maximal exercise has been proposed as
the most suitable definition [21

&&

,22]. A study of 72
SSc patients who underwent RHC with exercise
haemodynamics showed that survival in the 28
Ex-PH patients (defined by mPAP >30 mmHg and
TPG >3 WU at maximal exercise) was worse than
those without resting or Ex-PH (n¼27), but surpris-
ingly was not different than those with resting PAH
Health, Inc. All rights reserved.
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FIGURE 1. Nomograms for the DETECT algorithm. Two-step algorithm for determining referral for right heart catheterization
for suspected pulmonary arterial hypertension in systemic sclerosis. At Step 1 (top), risk points for each of the six
nonechocardiographic variables are calculated and summed. If the total risk points from Step 1 are >300, the patient is
referred for echocardiography. Similarly, at Step 2, risk points for the carried forward and the two echocardiographic
variables are calculated. If the total risk points from Step 2 is >35, the patient is referred to right heart catheterization. If a
single Step 1 variable is missing, it should be assigned 50 risk points, with the exception of current/past telangiectasias,
which should be assigned 65 points. If a single Step 2 variable is missing, it should be assigned 10 points. The nomograms
cannot be reliably used if more than one variable out of the eight total variables is missing. ACA, anticentromere antibody;
DLCO, pulmonary diffusing capacity for carbon monoxide; FVC, forced vital capacity; NTproBNP, N-terminal pro b-type
natriuretic peptide; TR, tricuspid regurgitant jet. Reproduced from [11].

Pulmonary Hypertension in SSc Mullin and Mathai
(Fig. 2) [23]. Although this was a single-centre, ret-
rospective study, it highlights that Ex-PH is relative-
ly common amongst SSc patients and has prognostic
implications. Whether SSc patients with Ex-PH
progress more rapidly to resting PAH, and if treat-
ment with PAH-specific therapies is of any benefit in
this population, remains to be studied.
 Copyright © 2017 Wolters Kluwe
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TREATMENT OF PULMONARY
HYPERTENSION IN SYSTEMIC SCLEROSIS
Recent observational cohort studies and random-
ized clinical trials have informed clinical manage-
ment of PAH. These studies have led to changes
in consensus guidelines in recommendations for
adjunct therapy and selection of specific pulmonary
r Health, Inc. All rights reserved.
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FIGURE 2. Survival in systemic sclerosis by haemodynamic
classification in systemic sclerosis. Transplant-free survival by
Kaplan–Meier method and number at risk of 72 patients
according to their haemodynamic classification. PHrest:
resting, Precapillary pulmonary hypertension; PHex: exercise
precapillary pulmonary hypertension (defined by mean
pulmonary artery pressure >30 mmHg and total pulmonary
resistance >3 Wood units at maximal exercise); PHnone:
patients without resting or exercise pulmonary hypertension.
Reproduced with permission from [23].
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vasodilators for the management of this disease
[2

&&

]. Importantly, these changes not only pertain
to PAH in general but also specifically to SSc-PAH.
Adjunct therapy

For the past 30 years, oral anticoagulation has been
recommended as adjunct therapy for PAH. Early
pathologic studies demonstrated thrombotic
lesions in the pulmonary arteries of IPAH patients
with plexogenic arteriopathy and were thought to
result from in-situ thrombosis related to pulmonary
vessel endothelial damage [24,25]. Based upon
these observations and several retrospective cohort
studies of PAH patients that showed lower mortality
in IPAH patients who received oral anticoagula-
tion [26–28], consensus guidelines recommended
the use of warfarin for PAH including SSc-PAH
[14,29]. Data from more recent registry studies con-
ducted in Europe and the United States provided
evidence that routine anticoagulation in SSc-PAH
may not be beneficial. In fact, data from the Registry
to Evaluate Early and Long-Term PAH Disease
Management (REVEAL) demonstrated an increased
risk of death for SSc-PAH patients who received oral
anticoagulation [30,31]. Based upon these studies,
the most recent treatment guidelines from the
ESC/ERS advise against routine anticoagulation
for SSc-PAH patients [2

&&

]. Although there are no
 Copyright © 2017 Wolters Kluwer 
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randomized clinical trials to provide more defini-
tive data on the role of anticoagulation in SSc-PAH,
this recommendation marks a significant change in
the management of SSc-PAH.

Recommendations for physical activity and
exercise training have similarly been limited by
the lack of prospective studies. However, the most
recent guidelines do suggest that PAH patients par-
ticipate in a supervised exercise programme such as
pulmonary rehabilitation with Level 2b recommen-
dation [2

&&

]. Included in the data supporting this
approach was an observational cohort study of
21 patients with CTD-PAH, nine of whom had
SSc-PAH, who underwent a 3-week inpatient reha-
bilitation programme followed by continued
unsupervised exercise programs at home [32].
Improvements were noted in quality of life, 6-min
walk distance (6MWD) and maximum work load
achieved during exercise. Although further data
from randomized clinical trials are needed to better
define the ideal mode, session duration and length
of exercise intervention programme in patients with
SSc-PAH, these data support routine supervised
exercise for PAH patients and, as such, should be
incorporated into clinical management.
Pulmonary vasodilators

Recent clinical trials of PAH therapy have also led to
important changes in the clinical management of
SSc-PAH patients. First, the large, randomized clini-
cal trial known as the AMBITION study (Initial Use
of Ambrisentan plus Tadalafil in Pulmonary Arterial
Hypertension) showed a more than 50% reduction
in time to clinical worsening (a composite endpoint
of death, hospitalization for worsening PAH, disease
progression or unsatisfactory long-term clinical
response) in the combination therapy arm of ambri-
sentan along with tadalafil compared with either
agent alone [33]. A subsequent subgroup analysis of
SSc-PAH patients included in this study showed
persistence of this effect, with a more than 60%
reduction in time to clinical worsening in the com-
bination therapy arm [34

&&

]. Further, improvements
in functional capacity and in the serum biomarker
N-terminal pro-brain natriuretic peptide were also
seen. In fact, when compared with IPAH patients
included in the study, the outcomes for SSc-PAH
patients were similar to even greater in magnitude,
marking the first clinical trial of PAH therapy in
which outcomes for SSc-PAH patients achieved
this benchmark.

The benefit of this combination of therapy in
SSc-PAH was further demonstrated in a multicentre
observational study of SSc-PAH patients called the
Ambrisentan and Tadalafil in Pulmonary Arterial
Health, Inc. All rights reserved.
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FIGURE 3. Effect of combination therapy in the ambrisentan
and tadalafil in pulmonary arterial hypertension in
scleroderma study (ATPAHSS). Effect of combination therapy
with ambrisentan and tadalafil on pulmonary vascular
resistance (PVR) (a) and right ventricular (RV) mass (b) from
baseline to 36 weeks for 24 patients. PVR (mean�SD)
improved from 8.4�5.4 Wood units (WU) to 4.1�3 WU
(P>0.01), and RV mass [median (interquartile range)]
improved from 32.5 (23.2–41.4) to 28.0 (20.6–32.9) g.
The dashed line represented the change in median values
for the group. Reproduced with permission from [35&&].

Pulmonary Hypertension in SSc Mullin and Mathai
Hypertension in Scleroderma Study (ATPAHSS)
[35

&&

]. This 36-week study of treatment-naive
patients employed coprimary endpoints of change
in right ventricular mass by cardiac MRI (CMR) and
change in PVR. The study demonstrated dramatic
reductions in both right ventricular mass and
PVR, with more than a 50% reduction in the latter
(Fig. 3). Measures of right ventricular function, func-
tional capacity and quality of life all improved sig-
nificantly as well.

Based upon these findings from the AMBITION
study, current guidelines favour the use of initial
 Copyright © 2017 Wolters Kluwe
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combination therapy with ambrisentan and tadala-
fil for treatment-naive patients at low or intermedi-
ate risk with Class Ib recommendations [2

&&

]. These
recommendations apply to SSc-PAH patients as well,
and are further buttressed by the results of the
ATPAHSS study, which offer insights into the mech-
anism of these observed clinical improvements in
SSc-PAH patients.
Ongoing clinical trials

There are several ongoing clinical trials of novel
therapies in PAH. Importantly, some of these studies
are solely enrolling SSc patients. The Rituximab for
Treatment of Systemic Sclerosis Associated Pulmo-
nary Arterial Hypertension Trial (clinicaltrials.gov
NCT01086540) is a randomized, placebo-con-
trolled, phase-2 study with a primary outcome of
change in PVR at 24 weeks. This study was motivat-
ed by basic research in animal models of pulmonary
hypertension that demonstrated a potential patho-
genic role of B cells in pulmonary hypertension,
both through the development of antiendothelial
antibodies thought to promote vascular injury and
through an imbalance between T-cell and B-cell
activity that leads to pulmonary vascular remodel-
ling [36

&&

]. The study is currently enrolling at 26
centres across the United States and will examine
the impact of rituximab on CMR measures of right
ventricular function, TTCW, 6MWD and quality of
life in addition to changes in PVR.

Ifetroban, a thromboxane A2/prostaglandin H2
receptor (TxA2/PGH2) antagonist, is also being stud-
ied in a SSc-specific clinical trial (clinicaltrials.gov
NCT02682511). Based upon prior research demon-
strating a role for TxA2/PGH2 in vascular remodel-
ling and cardiac fibrosis and a recent study in a
mouse model of right ventricular volume overload
that showed abrogation of right ventricular fibrosis
and cardiomyocyte hypertrophy compared with
other inhibitors of the arachodonic acid pathway
[37], investigators initiated a small randomized clin-
ical trial designed to examine the safety of this
intervention in SSc. The study, conducted at five
centres in the United States, is currently enrolling
patients with diffuse SSc without PAH, assessing the
impact on lung function and skin thickening, and in
SSc patients with PAH, assessing the impact on right
ventricular function as assessed by CMR.

Mitochondrial dysfunction in PAH and its im-
pact on cellular remodelling and tissue fibrosis is the
focus of both basic research and now clinical trials
[38]. Bardoxolone, an antioxidant inflammation
modulator that restores mitochondrial energy pro-
duction in experimental models, is being examined
in a randomized clinical trial. The CATALYST study
r Health, Inc. All rights reserved.
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Raynaud phenomenon, scleroderma, overlap syndromes and other fibrosing syndromes
(ClinicalTrials.gov identifier: NCT02657356) is cur-
rently enrolling patients with CTD-associated PAH,
including SSc-PAH, who are on stable PAH therapy.
The primary outcome of this 24-week, Phase 3 study
is a change in 6MWD. Although other novel agents
and treatment strategies are under investigation in
PAH clinical trials, only the aforementioned are the
only ones being studied exclusively in CTD-PAH or
SSc-PAH patients.
Lung transplantation

Between 2005 and 2012, over 11 000 lung trans-
plantations were performed in the United States;
however, only 229 (less than 2%) were performed
in patients with SSc [39]. This practice pattern
reflects concerns about poor outcomes in SSc
patients related to extrapulmonary involvement
of the kidneys, immune dysregulation and the high
prevalence of oesophageal reflux that is a risk factor
for bronchiolitis obliterans syndrome (BOS), the
most common cause of graft failure and death in
lung transplantation [40]. However, two recent ret-
rospective observational cohort studies have dem-
onstrated excellent short and longer-term survival
for SSc patients, comparable to outcomes in patients
who undergo lung transplantation for interstitial
lung disease who do not have SSc [41,42]. A sub-
stantial portion of the cohorts (nearly 50% in one,
70% in the other) had pulmonary hypertension
associated with SSc, though none were reported to
have SSc-PAH. These results, combined with prior
cohorts of SSc patients who underwent lung trans-
plantation, suggest that this intervention is a viable
option for those SSc patients with end-stage disease,
and thus, patients should be referred to a centre with
expertise in the evaluation and management of SSc
patients and lung transplantation.
CONCLUSION

Pulmonary hypertension remains a common com-
plication of SSc. Advances in both screening for PAH
and use of exercise haemodynamics in SSc may help
to identify pulmonary vascular disease earlier in this
at-risk population. Initial combination therapy with
ambrisentan and tadalafil is now recommended as
standard of care for treatment-naive, low or inter-
mediate-risk PAH and SSc-PAH patients. Despite
improvements in recognition, classification and
treatment of pulmonary hypertension in SSc, there
remains an ongoing need to improve outcomes in
this challenging disease.

Acknowledgements

None.
 Copyright © 2017 Wolters Kluwer 

566 www.co-rheumatology.com
Financial support and sponsorship

Financial support for this study comes from the National
Heart, Lung and Blood Institute grant F32 HL129687
(CJM); U01 HL125175 (SCM), Scleroderma Foundation
(SCM).
Conflicts of interest

S.C.M. reports receiving consulting fees from Actelion,
Bayer and United Therapeutics and serving on the Scien-
tific Leadership Council of the Pulmonary Hypertension
Association.
C.J.M. reports no conflicts of interest.
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1. Simonneau G, Gatzoulis M, Adatia I, et al. Updated clinical classification of
pulmonary hypertension. J Am Coll Cardiol 2013; 62(Suppl 25):D34–D41.

2.
&&
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 CURRENT
OPINION Progress in the clinical classification of

systemic sclerosis

Sindhu R. Johnsona,b,c

Purpose of review

Systemic sclerosis (SSc) subset classification criteria are a cornerstone of SSc research. Given changes in
our understanding of the disease and limitations of the current criteria in the conduct of trials, the
developments of new SSc subset criteria are underway.

Recent findings

This article summarizes previous iterations of SSc subset criteria, highlights current thinking about the
construct underlying SSc subsets in the modern era and provides an overview of the development of new
SSc subset criteria.

Summary

Using a combination of data-driven and expert-based innovative methodologies, a large international
collaborative effort is developing new SSc subset criteria. It is anticipated that this new system of
classification will shift the paradigm of how we study novel therapies in SSc.

Keywords

classification criteria, scleroderma, subset, systemic sclerosis

INTRODUCTION

The American College of Rheumatology (ACR) –
European League Against Rheumatism (EULAR)
classification criteria for systemic sclerosis (SSc)
resulted in a paradigm shift in the concept of the
disease, improving the classification of individuals
with early, mild and the limited subtype of disease.
Given the heterogeneity of SSc, numerous SSc subset
criteria have been proposed to identify groups of SSc
who are similar. Recent advances in the understand-
ing of the disease and limitations in the current
subsetting system(s) have resulted in an interna-
tional collaborative effort to develop new classifica-
tion criteria for SSc subsets. This article highlights
progress in the clinical classification of SSc.

Criteria for SSc are an essential component of
clinical research [1]. The heterogeneous clinical phe-
notype, autoantibody profile and prognosis of SSc
result in the need for classification criteria to iden-
tify more homogenous groups of individuals for
participation in research studies [2]. The ACR –
EULAR classification criteria for SSc are a significant
advancement in the field [3–5]. Building upon pre-
vious criteria, they add emphasis to the vasculo-
pathic manifestations, introduce the concept of
differential weighing of disease characteristics and
include the early manifestation of puffy fingers. This

criteria set has shifted the conceptual framework of
the disease [6

&

]. This is particularly evident among
cases with early disease, mild disease and limited
cutaneous subtype of disease resulting in demon-
strable improvements in sensitivity and specificity
[7–9]. This provides an unprecedented opportunity
to intervene early in the disease process with novel
therapeutic agents with the goals of preventing or
reversing internal organ involvement [6

&

].
Subset criteria are used to identify groups of

patients within the spectrum of SSc. SSc subset
criteria were historically based on the extent of skin
involvement [10]. The most frequently used subset
criteria are those of LeRoy et al. [11], which classify
patients as limited or diffuse. This system is used as
entry criteria for trials of new treatments. However,
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KEY POINTS

� This article summarizes previous iterations of SSc
subset criteria.

� This article provides an overview of the development
and validation of new SSc subset criteria.

� This article highlights current thinking about the
construct underlying SSc subsets in the modern era.

Clinical classification of systemic sclerosis Johnson
many patients do not fit this system [12]. As a
consequence, only patients with established disease
have access to trials; and patients with early or
limited disease are denied access to trials of poten-
tially life-saving treatment [6

&

]. Some have felt that
individuals with the limited subset have been
neglected [13]. There have been calls for develop-
ment of a new subset classification system, which
take into consideration other aspects of the disease
[12,14]. There has also been increasing rigor in the
methodology for the development of classification
criteria. Recommendations for the development of
classification criteria are considered the current
standard [15,16]. An international collaborative
effort is underway, using novel methods to develop
new classification criteria to identify distinct subsets
of SSc patients.
DEVELOPMENT OF NEW SYSTEMIC
SCLEROSIS SUBSET CRITERIA

In phase 1, a systematic review of the literature is
being conducted to identify systems of classification
of SSc subsets; and comparatively evaluate them
against standards of measurement science. In phase
2, a content analytic study evaluates the purpose and
utility of SSc subset criteria, strengths and limitations
 Copyright © 2017 Wolters Kluwe

FIGURE 1. Overview of multiphase development and validation

1040-8711 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
of existing SSc subset criteria, and identifies areas
of improvement. In phase 3, two data-driven
approaches will be undertaken. Using similarity net-
work fusion, homogeneous subsets of SSc patients
will be identified through the combination of demo-
graphic, physiologic, immunologic and clinical data.
Trajectory analysis will also be conducted to assess if
differences in disease trajectory can inform the iden-
tification of SSc subsets. The goal is to define a system
of criteria that produces a measure of the relative
probability that a particular case fallswithin a distinct
subset of SSc. In phase 4, consensus methods will be
used to solicit input from the SSc international com-
munity to refine the draft system. Finally, in phase 5,
the subset criteria system will be tested in a validation
cohort, and compared against preexisting subset
systems Fig. 1.
PREVIOUS SYSTEMIC SCLEROSIS
SUBSET CRITERIA

A 2007 systematic review of the published literature
found 13 unique systems of identifying clinically
based SSc subsets [4,10,11,17–27] Table 1.

On the basis of their judgment, Goetz and Berne
[28] proposed a two-subset criteria to classify a case
series of patients in South Africa. Although not
incorporated in the criteria, they were among the
first to identify gastrointestinal involvement as a
disease manifestation.

Tuffanelli and Winkelmann [18] reported a two-
subset criteria to classify patients as acrosclerosis
and diffuse, based on the extent of skin involvement
and the presence of Raynaud’s phenomenon. These
criteria were an improvement compared to its pred-
ecessors as they included Raynaud’s phenomenon
as a differentiating manifestation. The authors
reported good predictive validity as patients with
diffuse disease have decreased survival [18].
r Health, Inc. All rights reserved.

of new SSc subset criteria. SSc, systemic sclerosis.
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Table 1. Summary of previous iterations of systemic sclerosis subset criteria

Reference SSc subsets

Goetz [17] Two subsets: acrosclerosis and diffuse: based on skin thickening limited to extremities or includes trunk

Tuffanelli and Winkelmann [18] Two subsets: acrosclerosis: RP, acral skin involvement; diffuse SSc: no RP, skin involvement beginning
centrally

Winterbauer [19] CRST syndrome: calcinosis, RP, sclerodactyly, telangiectasia

Barnett and Coventry [20] Three subsets: limited, moderate, extensive, based on skin involvement of the fingers only, limbs and
face, and involvement of the trunk, respectively

Rodnan et al.[21] Three subsets: classical disease involving skin of the trunk, face and proximal extremities, and early
involvement of esophagus, intestine, heart, lung and kidney; CREST syndrome; and overlap
syndromes including sclerodermatomyositis and mixed connective tissue disease

Giordano et al.[22] Six subsets: I: sclerodactyly only; II: sclerodactyly and skin involvement of neck, lower eyelid or axillae;
III: skin involvement of hands and forearms� legs � face; IV: group III and arm and/or thigh skin
involvement; V: group III and thorax; VI: group III and/or IV and/or V and the abdomen

Giordano et al.[22] Three subsets: limited: skin involvement of fingers, face, neck, axillae; intermediate: skin involvement
proximal to fingers; diffuse: truncal skin involvement

Holzmann et al.[23] Five subsets (types I–IV) based on the presence/absence of RP, sclerosis, extracutaneous
manifestations, ANA

Masi [24] Three subsets: digital: skin involvement of fingers or toes but not proximal extremity or trunk; proximal
extremity: proximal extremities or face but not trunk; truncal: thorax or abdomen

LeRoy [11] Two subsets: diffuse cutaneous SSc: onset of RP within 1 year; truncal and acral skin involvement;
tendon friction rubs; early incidence of ILD, renal failure, diffuse GI disease, myocardial involvement;
absence of ACA, abnormal NC; limited cutaneous SSc: RP for years, skin involvement limited to
hands, face, feet, forearms or absent; late incidence of PAH, trigeminal neuralgia, calcinosis,
telangiectasia; high incidence of ACA, abnormal NC

Scussel-Lonzetti et al. [25] Four subsets: normal skin, limited: skin involvement restricted to fingers, with RP, calcinosis, esophageal
involvement and telangiectasia; intermediate: skin involvement of arms proximal to
metacarpophalangeal joints, but not trunk; diffuse: skin involvement of the trunk

Ferri et al.[26] Four subsets: sine scleroderma SSc: absence of cutaneous involvement with visceral involvement, NC
changes and autoantibodies; limited cutaneous: skin involvement of fingers with or without
involvement of neck, face and axillae; intermediate cutaneous: skin involvement of upper and lower
limbs, neck and face without truncal involvement, diffuse cutaneous: distal and truncal skin
involvement

Maricq et al.[27] Six subsets: diffuse, intermediate, digital, scleroderma sine scleroderma, undifferentiated connective
tissue disease with scleroderma, CREST syndrome

ACA, anticentromere antibody; ANA, antinuclear antibody; CREST, calcinosis, Raynaud’s phenomenon, esophageal dysmotility, sclerodactyly, telangiectasia;
CRST, calcinosis, Raynaud’s phenomenon, sclerodactyly, telangiectasia; GI, gastrointestinal; ILD, interstitial lung disease; NC, nailfold capillaries; PAH, pulmonary
arterial hypertension; RP, Raynaud’s phenomenon; SSc, systemic sclerosis.
Adapted from Table 1 [10].

Raynaud phenomenon, scleroderma, overlap syndromes and other fibrosing syndromes
Winterbauer [19] described patients with CRST
(calcinosis, Raynaud’s phenomenon, sclerodactyly,
telangiectasia) as a benign subset of SSc. Subsequent
investigators have added ‘E’ (esophageal dysmotil-
ity). This description was intended for clinical prac-
tice and gained popularity, as it is easy to use.
However, these criteria poorly discriminate between
patients with mild, moderate and extensive skin
involvement as all subtypes may have four or more
Calcinosis, Raynaud’s phenomenon, esophageal
dysmotility, sclerodactyly, telangiectasia (CREST)
manifestations [29].

Barnett and Coventry [20] developed a three-
subset criteria set, based on the degree of skin
involvement, to describe subsets of SSc in a clinical
setting. These criteria have good divergent validity
when compared to scleroderma-specific antibodies.
 Copyright © 2017 Wolters Kluwer 
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Zero (0%), seven (31.8%) and five (55.5%) indivi-
duals with types I–III, respectively, were Scl-70
antibody-positive [30]. This criteria set has good
predictive validity wherein type 1 disease has the
longest survival, type 2 has intermediate survival
and type 3 has the shortest survival [30].

Rodnan et al. [21] developed a three-subset crite-
ria. However, the subsets were not mutually exclusive
[31]. Thus, there may be confusion in their applica-
tion, which may result in misclassification error [10].

Giordano et al. [22] proposed a three-subset (and
a six-subset) criteria, based on the degree of skin
involvement, for the classification of patients with
SSc in the hospital setting. Both criteria sets have
poor divergent validity with regard to scleroderma-
specific antibodies, and poor predictive validity with
regard to survival [22].
Health, Inc. All rights reserved.
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Masi [24] proposed a three-subset criteria set
classifying patients based on skin involvement.
The intent of this classification was to clarify termi-
nology because of confusion between the three-
subset criteria of Barnett et al. [29] and Giordano
et al. [22].

Holzmann et al. [23] developed a five-subset cri-
teria based on skin involvement, presence of Ray-
naud’s phenomenon, internal organ involvement
and the presence of antinuclear antibodies. This set
of criteria was intended to be comprehensive as it
includes subsets of patients without skin involve-
ment, localized skin involvement and/or immune
activation, thereby improving face validity.

LeRoy et al. [11] proposed a two-subset criteria to
improve the nomenclature of SSc, identify patients
at risk of visceral complications and classify homo-
geneous groups of patients for clinical research.
Criteria development was based on the judgment
of an expert panel. Diffuse SSc is frequently associ-
ated with tendon friction rubs, antitopoisomerase I
and poor prognosis, whereas limited SSc is fre-
quently associated with calcinosis, telangiectasia,
antikinetochore antibody and pulmonary hyperten-
sion [31]. Human leukocyte antigen (HLA) DR1,
DR5, DR6 and Bw35 occur more commonly in
patients with limited SSc; however, only HLA-DR1
had statistical significance [32]. Patients classified as
having diffuse SSc have often Scl-70 antibodies pres-
ent and show nucleolar pattern on antinuclear anti-
body staining, and have anticentromere antibodies
less frequently than patients classified as having
limited SSc [22]. Although the feasibility of the
criteria is limited to clinicians experienced in skin
examination, auscultation of friction rubs and capil-
laroscopy, it has been successfully applied in multi-
national, tertiary-care settings [33]. Four studies
demonstrated strong predictive validity for survival
where patients with limited SSc have better survival
than patients with diffuse SSc [22,26,31,34]. How-
ever, these criteria poorly predict lung involvement
as restrictive lung disease occurs in 30% of patients
with limited SSc and 50% of patients with diffuse SSc
(P¼0.16) [35].

Scussel-Lonzetti et al. [25] developed a four-sub-
set variation on the criteria of Barnett, Giordano and
Ferri that classifies patients based on extent of skin
involvement. The criteria have good predictive
validity; the cumulative survival rates in the four
subsets from normal to diffuse are 90.6, 79, 75.9 and
62.4% at 10 years, respectively [25]. Ferri et al. [26]
also developed a four-subset criteria based on the
extent of skin involvement. The purpose of the
criteria is to identify subsets for an Italian descriptive
and prognostic study. The criteria have good predic-
tive validity, with 10-year survival rates in the
 Copyright © 2017 Wolters Kluwe
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limited, intermediate and diffuse subsets of 78.3,
65.5 and 52.2%, respectively [26]. Statistically sig-
nificant differences between limited cutaneous SSc
(lcSSc) versus intermediate cutaneous SSc and lcSSc
versus diffuse cutaneous SSc (dcSSc) in the fre-
quency of hypermelanosis, sicca syndrome, esoph-
ageal involvement and lung involvement have been
demonstrated. However, no significant statistical
differences were found in these disease manifesta-
tions when the lcSSc subset is compared to the dcSSc
subset [26].

Maricq et al. [27] proposed the most comprehen-
sive criteria set that classifies patients into six mutu-
ally exclusive subsets. The purpose of the criteria is to
develop a comprehensive classification for all sclero-
derma spectrum disorders for use in clinical research.
These criteria have incrementally improved face
validity over other criteria sets as they incorporate
subsets within the spectrum of SSc (scleroderma sine
SSc, undifferentiated connective tissue disease with
scleroderma) that have previously been excluded.
The feasibility of applying these criteria is a concern;
these criteria have been criticized for being ‘too com-
plicated’ Wollheim [36] and thus feasible for use only
by clinicians competent in SSc skin examination and
capillaroscopy [10].

An updated literature search is underway to
ensure that no other SSc subset systems have been
missed.
UTILITY OF SYSTEMIC SCLEROSIS
SUBSETS IN THE MODERN ERA

In an era of earlier diagnosis [37,38], antibody profil-
ing [39,40], genetics [41], biomarkers [42] and per-
sonalized medicine [22], the construct of ‘SSc subsets’
may have evolved. As part of the development of new
subset criteria, it is important to evaluate the con-
struct underpinning the utility of SSc subsets, and the
strengths and limitations of previous iterations of SSc
subset criteria. The new criteria will build upon the
strengths and attend to the limitations. For this
reason, a content analytic study was undertaken to
evaluate the construct of SSc subsets in the modern
era [43

&

].
Thirty experts from 13 countries underwent

semistructured interviews. Using a content analytic
approach, the interview transcripts underwent an
iterative process with text deconstructed to single
thought units until a saturated conceptual frame-
work was developed. Three thematic clusters regard-
ing the purpose of SSc subsetting were identified.
Experts stated that SSc subsetting is important for
facilitating research and communication; guiding
patient management; and informing prognosis (pre-
diction of internal organ involvement and survival).
r Health, Inc. All rights reserved.
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The strength of the limited/diffuse system was its ease
of use; however, 10% of participants stated that this
system had marginal value. Shortcomings of the
diffuse/limited classification were the risk of misclas-
sification, predictions and generalizations did not
always hold true, and that the elbow or knee thresh-
old is arbitrary. Eighty-seven percentage of experts
use more than two subsets including: antibody-
determined subsets, speed of progression (rapid pro-
gressors versus slow progressors), age of onset (geri-
atric versus juvenile), scleroderma sine scleroderma
and overlap conditions. In the modern era, a number
of factors underlie the construct of SSc subsets. Con-
siderations for the next phase of subset criteria devel-
opment include rate of change and hierarchal
clustering (e.g. limited/diffuse, then by antibodies).
DATA-DRIVEN SUBSET IDENTIFICATION

Factors that may affect SSc subsets include skin and
organ involvement, antibodies, physiology, imag-
ing and quality of life. Traditional analytic strategies
evaluate only some of these data sources at a time,
require preselection of data as a starting point (intro-
ducing bias) and exclude other important data. A
novel, data-driven approach to utilize all sources of
data is similarity network fusion (SNF) [44]. SNF is a
methodology that facilitates integration of data that
reflect the heterogeneity of biological processes and
phenotypes leading to the identification of homo-
geneous subtypes [44]. This approach is completely
data driven, thereby potential reducing the risk of
bias(es) introduced by preconceived notions.

Contemporaneously, group-based trajectory
analyses will be used as a method to identify SSc
subsets. This novel approach identifies groups of
patients who have a similar progression over time,
and identifies disease characteristics that predict
group membership. These approaches are currently
underway, and the results will be compared.
FINAL PHASES OF SUBSET CRITERIA
DEVELOPMENT

The draft system of subset criteria will then be pre-
sented to the SSc community. Using consensus meth-
ods, input on the draft system will be solicited and
refinements made [45]. Using a derivation cohort of
international SSc individuals, iterative changes to the
draft system will be tested. The final subset classifica-
tion system will be tested using a validation cohort of
international SSc individuals. The sensitivity and
specificity of the new system will be evaluated and
compared against the LeRoy et al. [11] 1988 criteria.

In recent years, there has also been an improve-
ment in our understanding of the molecular basis of
 Copyright © 2017 Wolters Kluwer 
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SSc. This has led to consideration of SSc subsets based
on diseased tissue molecular classification [14]. The
recent evaluation of molecular targeting therapies
(e.g. biologic response modifiers) adds to the value
of molecular classification to assist recognition of
those who may respond to therapy [46

&

]. The next
generation of subset classification criteria should
consider integration of both molecular and clinical
classification in the identification of subsets. Indeed,
much can be learned from oncology in this regard.
CONCLUSION

Classification criteria are a critical component of
rheumatic disease research. Previous iterations of
SSc subset criteria have served the global commu-
nity well; however, the time has come for a new
iteration of SSc subset criteria, which reflect our
understanding of the disease in the modern era.
Using a combination of data-driven and expert-
based innovative methodologies, a large interna-
tional collaborative effort is underway. It is antici-
pated that this new system will shift the paradigm of
how we study novel therapies in SSc.
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 CURRENT
OPINION Cardiac complications of systemic sclerosis

and management: recent progress

Vibhav Rangarajan, Richard Matiasz, and Benjamin H. Freed

Purpose of review

Cardiac complications in systemic sclerosis (SSc) continue to be a leading cause of death in this patient
population. Early recognition and treatment of the cardiac diseases commonly associated with SSc is
essential.

Recent findings

Recent studies have confirmed the significant increase in mortality in SSc patients with cardiac involvement.
Electrocardiography and echocardiography (2DE) continue to play a major role in screening and
diagnosing cardiac manifestations such as arrhythmias or biventricular dysfunction, respectively. Novel
techniques such as myocardial strain imaging on 2DE and T1 mapping on cardiovascular magnetic
resonance are useful for detecting subclinical cardiac abnormalities, but the clinical relevance of these
findings is still not known. An expert consensus was recently published to help establish best practice
guidelines on management of cardiac complications in SSc, but data supporting these recommendations
remain limited.

Summary

Recent studies continue to enhance our understanding of SSc cardiac disease. Although the results of these
studies help lessen the ambiguity of managing and treating these patients, there is still much more research
to be done.

Keywords

cardiovascular magnetic resonance, echocardiography, microvascular disease, myocardial fibrosis,
systemic sclerosis

INTRODUCTION

Cardiac complications from systemic sclerosis (SSc)
are thought to occur early in the disease course [1].
Cardiac complications can either be primary [mi-
crovascular coronary disease with resultant myocar-
dial ischemia, myocardial fibrosis, myocarditis, left
ventricular or right ventricular systolic and diastolic
dysfunction, conduction abnormalities, pericardial
disease] or secondary to other SSc complications
[pulmonary arterial hypertension (PAH), interstitial
lung disease (ILD) [2

&&

] or kidney disease] [3]. Early
detection and monitoring of myocardial involve-
ment are integral to SSc management, as cardiovas-
cular [4] involvement is known to be a poor
prognostic indicator when present. Meta-analyses
have reported that up to 29% of deaths in SSc
patients were due to cardiac disease [5,6]. In addi-
tion, numerous studies have reported increased
mortality related to individual types of cardiac
involvement [6–8]. In this review, we discuss the
most recent data regarding the epidemiology,

diagnosis and management of cardiac complica-
tions of SSc (Table 1).

EPIDEMIOLOGY

The prevalence of cardiac involvement in SSc is
difficult to estimate given the wide variety of cardiac
complications that can occur, along with the vari-
ability in the techniques used to diagnose them. As a
result, the rates of cardiac involvement depend on
which cardiac manifestations are present, with
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KEY POINTS

� Cardiac involvement is common in scleroderma with an
unclear overall prevalence due to significant
heterogeneity in presentation.

� Left ventricular or right ventricular dysfunction may be
due to myocardial fibrosis or overt myocarditis and
evaluation should include echocardiography with tissue
Doppler imaging, speckle tracking echocardiography,
CMR with T1 mapping and extracellular volume
evaluation, and natriuretic peptide measurements.

� Arrhythmias are common and are thought to be due to
a combination of microvascular injury, fibrosis in the
conduction system and myocardium, and
autonomic dysfunction.

� Pericardial involvement is also common, but effusions
should be managed conservatively and considered a
sign of potentially worsening disease.

� Pulmonary arterial hypertension can present late but is
highly morbid. Screening is required and new drugs
may improve patient symptoms and even prolong life.

Table 1. Prevalence, diagnosis and treatment of cardiac manifes

Cardiac manifestation Prevalence Evaluation

LV systolic dysfunction 1.4–7% Natriuretic peptides, 2DE, SP
PET, CMR

LV diastolic dysfunction 17.7–51.9% Natriuretic peptides, 2DE, TD
CMR

Primary RV dysfunction 38% 2DE, TDI, STE, CMR

Microvascular coronary
artery disease

>60% SPECT, PET, CMR

Epicardial coronary artery
disease

25%a Coronary angiography, coron
calcium score and Coronar
angiography for screening

Myocarditis Rare 2DE, CMR, endomyocardial b

Pericardial effusion 15–72% 2DE with Doppler to look for
evidence of cardiac tampon

Pericarditis 1.9–9% CMR, cardiac CT, 2DE (with
and TDI), simultaneous righ
left heart catheterization

Bradyarrhythmia Rare EKG, Holter and event monito

Tachyarrhythmia 17–28% EKG, Holter and event monito

2DE, 2D echocardiography; CMR, cardiac magnetic resonance; CRT, cardiac resyn
implantable cardioverter-defibrillator; ILR, implantable loop recorder; PET, positron e
STE, speckle tracking echocardiography; TDI, tissue Doppler imaging.
aDefined as coronary artery calcium score greater than 101.
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1040-8711 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
previous studies reporting a prevalence ranging be-
tween 7 and 44% [9

&&

,10
&

]. The risk factors for de-
veloping cardiac involvement include diffuse
cutaneous SSC, male sex, African–American ethnic-
ity, older age at disease onset, presence of tendon
friction rubs, peripheral myositis and worse quality-
of-life scores. There are no new data concerning risk
factors for cardiac complications in SSc.
LEFT VENTRICULAR DYSFUNCTION

Left ventricular dysfunction in SSc patients is the
result of myocardial fibrosis or myocarditis and can
manifest as diastolic dysfunction, systolic dysfunc-
tion or restrictive cardiomyopathy. Patients with SSc
may be at an increased risk for atherosclerosis com-
pared with the general population [11], though this
may be related to microvascular disease rather than
epicardial coronary artery disease (CAD) [12

&

].
Accordingly, a consensus statement by the UK Sys-
temic Sclerosis Study group has recommended that
all SSc patients be assessed for the presence of both
r Health, Inc. All rights reserved.

tations in systemic sclerosis

Therapy

ECT, GDMT�CRT, mechanical support devices, cardiac
transplantation

I, STE, Symptomatic treatment (i.e. diuretics), adequate blood
pressure control

Symptomatic treatment (i.e. diuretics), Digoxin, invasive
haemodynamic testing to rule out pulmonary arterial
hypertension

Vasodilators (Dihydropyridine calcium channel blockers,
ACE inhibitors /angiotensin receptor blockers), statin,
ranolazine for refractory angina, lifestyle modifications

ary
y CT

Percutaneous or surgical coronary revascularization,
aspirin, statin, lifestyle modifications

iopsy Corticosteroids, cyclophosphamide, mycophenolate
mofetil, azathioprine, GDMT if LV systolic dysfunction

echo
ade

Treat only if symptomatic; rule our renal crisis; cautious
diuretics in the setting of right heart failure;
Pericardiocentesis if severely symptomatic/cardiac
tamponade; pericardiocentesis contraindicated in
patients with significant pulmonary arterial hypertension
or RV dysfunction

Doppler
t and

NSAIDs and colchicine; If constriction, then treat right
heart failure symptoms with diuretics, sodium and fluid
restriction; pericardial stripping surgery is
contraindicated in most cases

r, ILR Pacemaker according to standard guidelines

r, ILR Nondihydropyridine calcium channel blockers, avoid beta-
blockers if Raynaud’s present, cautious use of
antiarrhythmics consider ablation or ICD in select
patients

chronization therapy; GDMT, guideline-directed medical therapy; ICD,
mission tomography; SPECT, single-photon emission computed tomography;
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Systemic Sclerosis related Cardiomyopathy (SSc-
CM) and CAD [13

&&

].
Myocardial fibrosis is commonly associated with

SSc and may present subclinically. Myocarditis,
which can also present subclinically, has been occa-
sionally reported and cellular inflammatory changes
have been identified on endomyocardial biopsy
[3,14]. Overt left ventricular systolic dysfunction
is uncommon, and when present is usually the result
of CAD [13

&&

,15]. Left ventricular diastolic dysfunc-
tion is more common [16], and is associated with
increased disease duration and mortality [8,17].
Evaluation

There are several methods for evaluating left ven-
tricular dysfunction. These include laboratory test-
ing, 2D echocardiography (2DE), nuclear imaging
and cardiac magnetic resonance (CMR).

Laboratory testing

Brain natriuretic peptide (BNP and NT-proBNP) levels
may be elevated due to primary SSc-CM [18], but
elevation of these markers is nonspecific and may also
be increased secondary to other SSc-related complica-
tions or cardiac disease states unrelated to SSc. Tropo-
nin and Creatine Kinase-MB are not typically elevated
in SSc-CM despitemyocardial fibrosis, and, if elevated,
they should raise suspicion for myopericarditis, acute
coronary syndrome or pulmonary embolism [13

&&

].

Echocardiography

2DE along with tissue Doppler imaging is recom-
mended in the evaluation and screening of all
patients with SSc. This is particularly true in the
setting of prestem cell transplantation cardiac as-
sessment [19–21]. Meune et al. [22

&&

] compared 212
individuals with SSc to 50 controls and found re-
duced (but not abnormal) left ventricular ejection
fraction, reduced E/A ratio (a sign of abnormal dia-
stolic relaxation) and reduced tissue Doppler at the
mitral annulus (a measure of the velocity of myo-
cardial tissue as it relaxes and is associated with
diastolic function) in patients with SSc. Further-
more, presence of SSc was shown to be associated
with elevated left atrial pressures, as assessed by E/e’
ratio, and increased left atrial size [23]. Speckle-
tracking echocardiography (STE) for the measure-
ment of left ventricular myocardial strain was
shown to be associated with myocardial fibrosis in
non-SSc studies and therefore may be of value in the
assessment of subclinical SSc-CM [24,25].

Nuclear imaging

Nuclear imaging techniques such as thallium-201
single-photon emission computed tomography
 Copyright © 2017 Wolters Kluwer 
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(SPECT) and PET are sensitive tools for the detection
of abnormal myocardial perfusion and microvascular
abnormalities [3]. Traditionally, these testswerecom-
monly used for detection of myocardial perfusion
abnormalities in SSc [26]. However, CMR is preferred
where available due to the lack of radiation exposure
and the additional information regarding chamber
volumes and presence of myocardial fibrosis.

Cardiac magnetic resonance

CMR should be considered in patients considered to
be high risk for or exhibiting signs or symptoms of
SSc-CM [13

&&

,27
&&

]. CMR is also useful in cardiac
assessment of SSc patients prior to stem cell trans-
plantation to accurately determine left ventricular
volumes and function [21,28]. Late gadolinium en-
hancement (LGE) is the gold standard for detecting
focal myocardial fibrosis, which has been associated
with poor cardiac reserve, increased risk for arrhyth-
mia and left ventricular dysfunction [19,21,23]. A
patchy, mid-wall, linear pattern of LGE involving
the basal and mid left ventricular segments may be
present in SSc [3,12

&

,17,21,23,27
&&

,29], which is dif-
ferent from the typical regional subendocardial or
transmural LGE pattern present in myocardial in-
farction. A study by Rodriguez-Reyna et al. [12

&

]
found that myocardial fibrosis was present in 45%
of 62 patients with SSc, was more prevalent in dcSSc
than lcSSc and was more frequently found in the
basal septal segments of the left ventricle (LV).
Furthermore, it was concluded that microvascular
disease is common in SSc, as adenosine stress CMR
showed circumferential subendocardial perfusion
defects in 79% of patients [12

&

].
T2-weighted imaging can detect myocardial oe-

dema with mild sensitivity [30], with focal areas of
oedema significantly increased in SSc patients com-
pared with controls [23]. T1 mapping and extracel-
lular volume (ECV) measurements are superior to
LGE for detecting diffuse myocardial fibrosis
[27

&&

,30–32]. SSc patients have higher average myo-
cardial T1 values, larger areas of myocardial involve-
ment as detected by native T1 mapping and an
expanded ECV compared with controls [23,33,34

&

]
in the absence of significant left ventricular dysfunc-
tion. Therefore, T1 mapping and ECV may be useful
in the detection of subclinical SSc-CM, perhaps as an
early screening tool before the development of overt
left ventricular systolic dysfunction [23,33,34

&

]
(Fig. 1).

CMR is very sensitive in the detection of region-
al perfusion and coronary flow reserve, which may
limit its prognostic value by detecting clinically
irrelevant abnormalities [19]. Markers of impaired
diastolic function including impaired CMR-derived
peak systolic circumferential strain, peak diastolic
Health, Inc. All rights reserved.
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FIGURE 1. Representative examples of pre and postcontrast T1 maps with corresponding LGE in systemic sclerosis and controls.
Top panel (a): normal control with no LGE, native T1 947ms, postcontrast T1 514ms, ECV 26.7%; Second panel (b): SSc patient
with linear septal and patchy basal inferolateral LGE, native T1 1001ms; postcontrast T1 453ms; ECV 33.7%; Third panel (c): SSc
patient with small areas of mid-wall inferior and lateral LGE, native T1 988ms, postcontrast T1 439ms, ECV 36.1%; Fourth panel
(d): SSc patient with no LGE, native T1 1017ms, postcontrast T1 421ms, ECV 39.4%. Note the scale change between precontrast
and postcontrast T1 maps. Source: Previously published with permission by authors from Ref. [23]. Publisher is BioMed Central.
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strain rate and increased left atrial volumes, are
more prevalent in SSc patients than controls [23,33].
Therapy

In SSc patients with evidence of myocardial fibrosis
without heart failure, vasodilators such as dihydro-
pyridine calcium channel blockers and ACE inhib-
itors (ACEI) remain a mainstay of therapy [3]. In SSc
patients with evidence of myocarditis and heart
failure symptoms, immunosuppressants (corticoste-
roids, cyclophosphamide, mycophenolate mofetil,
azathioprine) led to clinical improvement, normal-
ization of cardiac enzymes and improvement in
CMR findings [13

&&

,14,35]. Steroids or immunosup-
pressive therapy can be considered in SSc patients
with myocardial fibrosis if there is a progressive
decline in function over time [13

&&

].
Standard guideline-directed medical therapy

should be employed in patients with left ventricular
systolicdysfunction (beta-blockers, ACEI, aldosterone
antagonists); however there is less evidence for these
therapies in left ventricular diastolic dysfunction. Of
note, beta-blockers can exacerbate Raynaud’s phe-
nomena by acting as a peripheral vasoconstrictor
and should be used with caution. Cardiac resynchro-
nization devices, mechanical support devices and
transplantation should be offered according to stan-
dard guidelines. CAD should be investigated and
treated as in the general population [13

&&

].
RIGHT VENTRICULAR DYSFUNCTION

Right ventricular dysfunction in SSc may be the
result of primary abnormalities of the right ventricle
(RV), secondary to the effects of PAH, or due to
mixed cause. There is evidence that the RV may
 Copyright © 2017 Wolters Kluwer 

FIGURE 2. Cardiac manifestations of systemic sclerosis on card
with dilated right ventricle and small to moderate size pericardial
showing dynamic interventricular septal flattening (arrow) with de
sequence; and (c) Short-axis view of the heart with thickened and
pericarditis.
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be affected early in the course of the disease
[36,37

&&

] and myocardial fibrosis may be responsible
for diastolic and systolic right ventricular dysfunc-
tion [22

&&

,38
&

]. This fibrosis can have a significant
impact on the haemodynamics of the right heart,
resulting in right ventricular dysfunction and ele-
vated right atrial pressure in the setting of a rela-
tively normal pulmonary artery (PA) pressure [38

&

].
Accordingly, right ventricular dysfunction may con-
tribute to the poorer outcomes that are observed in
SSc-PAH compared with idiopathic PAH [39]. In
addition, right ventricular dilatation and reduced
right ventricular function have been shown to cor-
relate with the onset of heart failure symptoms and
mortality [5,26,28,38

&

].
Evaluation

2DE and CMR are the most common imaging mo-
dalities used for evaluating right ventricular dys-
function.
Echocardiography

Evidence of right ventricular dysfunction on 2DE
include right ventricular dilatation (Fig. 2a), flatten-
ing of the interventricular septum (‘D-sign’) suggest-
ing right ventricular pressure or volume overload,
and reduced semi-quantitative measures of right
ventricular function [i.e. tricuspid annular systolic
planar excursion (TAPSE) and fractional area change
(FAC)]. Significant right ventricular dysfunction has
been defined as TAPSE less than 1.8 cm and FAC less
than 35% [21,28,37

&&

]. Meune et al. [22
&&

] showed
reduced right ventricular systolic and diastolic func-
tion in SSc patients compared with controls. Right
ventricular dysfunction was more common than left
Health, Inc. All rights reserved.

iac magnetic resonance. (a) Four-chamber view of the heart
effusion (arrow); (b) Short-axis real-time imaging of the heart
ep inspiration. Note decrease in spatial resolution with this
contrast-enhanced pericardium (arrow) consistent with
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ventricular dysfunction in SSc patients and existed
independently of the presence of PAH [22

&&

].
Most 2DE measures of right ventricular function

are limited by the complex shape of the RV, load
dependency and suboptimal reproducibility. STE
avoids some of these pitfalls, and may be useful in
the detection of subclinical right ventricular dys-
function [40]. Mukherjee et al. [37

&&

] investigated
138 patients with SSc compared with 40 control
individuals and found that TAPSE was similar be-
tween the groups, while mean right ventricular FAC
was statistically different between the groups. Both
parameters were still within normal limits. Right
ventricular free wall longitudinal strain, as mea-
sured by STE, was found to be significantly impaired
in SSc patients, independent of PASP and SSc phe-
notype. Furthermore, a pattern of decreased strain
magnitude in the apical and mid segments and
increased strain magnitude in the basal segments
was observed [37

&&

]. In small studies, 3D right ven-
tricular strain has been shown to be an independent
predictor of death [40,41].

Cardiac magnetic resonance

CMR does not require a suitable acoustic window for
measuring right ventricular size, geometry and func-
tion, and, as a result, has excellent reproducibility
for evaluation of the RV as compared with 2DE.
CMR may be used to look for evidence of right atrial
and right ventricular dilatation, right ventricular
systolic dysfunction and interventricular septal flat-
tening in SSc patients. Although CMR cine imaging
provides excellent spatial resolution, free breathing
sequences provide real-time physiologic assessment
of the interventricular septal dynamics (Fig. 2B).
These sequences are particularly helpful in under-
standing the ability of the RV to handle volume
overload prior to undergoing stem cell transplanta-
tion. Whereas some interventricular septal flatten-
ing is expected during inspiration to accommodate
the increased volume of blood, significant septal
flattening is indicative of a vulnerable or dysfunc-
tional RV. Evaluation of myocardial fibrosis with
LGE is challenging due to the thin-walled RV. There-
fore, high-resolution T1 mapping may be useful to
detect diffuse right ventricular fibrosis in the ab-
sence of PAH [21,28,38

&

].
Therapy

There are limited data on therapeutics in primary
right ventricular dysfunction and SSc, and therefore
treatment is empiric with digoxin and diuretics as
needed [26]. Mineralocorticoid receptor antagonists
such as spironolactone might be helpful due to their
 Copyright © 2017 Wolters Kluwe
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antifibrotic properties, but there are no substantial
data to support this.
ARRHYTHMIAS

The mechanism for conduction system disease and
arrhythmia formation in SSc is thought to be due to
a combination of microvascular injury, fibrosis in
the conduction system and myocardium, and auto-
nomic dysfunction [13

&&

,42,43]. The prevalence of
conduction defects in SSc as detected by electrocar-
diogram (EKG) and 24-h Holter has been reported
anywhere between 4 and 51% [7,9

&&

]. The presence
of right bundle branch block (RBBB) is an indepen-
dent predictor of mortality [7].
Evaluation

Arrhythmias are assessed with EKG and cardiac
monitoring if needed. 2DE and CMR can aid in
the detection of cardiac structural or functional
disease that may contribute to the arrhythmia
detected.

Electrocardiogram

Twelve-lead EKG should be performed in all patients
with SSc, even if asymptomatic, to screen for con-
duction system abnormalities [13

&&

]. The majority of
SSc patients have a normal resting EKG; however,
many patients develop arrhythmia with exercise
[12

&

,38
&

]. In these patients, an exercise treadmill
EKG may be helpful in identifying exertional ar-
rhythmia [3]. The presence of myocardial fibrosis
on CMR or suspicion of arrhythmia based on symp-
tomatology should prompt more intensive screen-
ing with ambulatory ECG monitoring or
implantable loop recorder [13

&&

,43].

Ambulatory electrocardiogram monitoring

Ambulatory EKG monitoring is more sensitive at
detecting conduction defects and arrhythmias than
12-lead EKG [3]. De Luca et al. [44

&

] studied 100
patients with SSc who underwent 24-h Holter mon-
itoring. An abnormality was identified in 56% of
patients, of whom 24% were found to have frequent
premature ventricular complexes (PVCs). The PVC
burden correlated with high-sensitivity troponin T
levels and inversely correlated with left ventricular
ejection fraction. In addition, seven patients in this
study suffered sudden cardiac death (SCD) or re-
quired implantable cardiac defibrillator (ICD) place-
ment, with a cutoff of more than 1190 PVCs in 24 h
found to be 100% sensitive and 83% specific for
these events [44

&

]. Accordingly, ambulatory ECG
monitoring may help identify SSc patients who
r Health, Inc. All rights reserved.
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are at a high risk for developing SCD and therefore
may benefit from ICD implantation.

Two-dimensional echocardiography and
cardiac magnetic resonance

All SSc patients, regardless of the presence of
arrhythmias, should undergo routine 2DE to evalu-
ate cardiac structure and function. CMR may be
further helpful in determining the risk for develop-
ing conduction system abnormalities and arrhyth-
mias in SSc patients. Detection of focal myocardial
fibrosis or scar by LGE is associated with an increased
risk of arrhythmia [21,28].

Other diagnostic modalities

ECG abnormalities are also associated with septal or
anteroseptal thallium perfusion defects and im-
paired strain on 2DE [43,45]. Invasive electrophysi-
ological studies are generally performed in
accordance with standard practice guidelines [13

&&

].
Therapy

Treatment of conduction system defects and
arrhythmias in patients with SSc should follow
the general cardiology guidelines for the manage-
ment of arrhythmias [13

&&

]. Many antiarrhythmic
therapies should be used with caution in SSc
patients due to potential adverse reactions. Ablation
therapy, ICD therapy and pacemakers should all be
considered according to general cardiology practice
guidelines. Bernardo et al. [47] reported a case series
on 10 patients with SSc in whom ICDs were
implanted. Thirty percent of these patients were
noted to have ventricular arrhythmias that were
successfully terminated by the device during a 36-
month follow-up [46,47].
PERICARDIAL DISEASE

Pericardial involvement in SSc is common but not
often symptomatic [48]. Pericardial complications
include pericardial inflammation, effusion, tampo-
nade, fibrinous pericarditis, pericardial adhesions
and constrictive pericarditis (CP) [49]. The presence
and size of a pericardial effusion conveys a signifi-
cant risk but rarely do effusions progress to requiring
drainage [50,51]. Many effusions occur in the setting
of PAH [52]. Drainage of effusions or pericardial
window creation can carry significant mortality
[53]. Constrictive pericarditis can be challenging
to diagnose in SSc. The clinical features of constric-
tion (dyspnoea, right-sided heart failure, fatigue)
overlap with complications of SSc including restric-
tive cardiomypathy. A degree of clinical suspicion
 Copyright © 2017 Wolters Kluwer 
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combined with a multimodality approach is impor-
tant for diagnosis [54].
Evaluation

Evaluation of pericardial disease includes a variety of
tests including EKG, 2DE, computed tomographic
(CT) imaging, CMR and possibly catheterization.

Electrocardiogram

The EKG will commonly reveal diffuse ST segment
elevation and PR depression in pericarditis [55]. In
pericardial effusions, low voltages or electrical alter-
nans can sometimes be seen [56

&&

].

Two-dimensional echocardiography

In addition to visualization of pericardial effusion
and pericardial thickening, 2DE is useful for haemo-
dynamic assessment for tamponade physiology
and ventricular interdependence. Abnormal ven-
tricular septal motion exaggerated during inspira-
tion is amongst the most obvious signs. Tissue
Doppler imaging can assist with differentiating
restrictive and constrictive cardiomyopathy, with
e’ velocity less than 7 cm/s supporting a restrictive
diagnosis [55,56

&&

].

Computed tomography/cardiac magnetic
resonance

CT is sensitive for pericardial fluid, and allows for a
thorough anatomic assessment of fluid distribution,
pericardial thickening or calcification and extracar-
diac manifestations/complications [56

&&

]. CMR
allows for differentiation of cardiac restriction and
constriction. Pericardial fusion without significant
inflammation or effusion on CMR is useful in
confirmation of CP, as is visceral-parietal adherence
[57

&

,58
&

]. LGE of pericardium signals pericardial
inflammation and potential recurrent pericarditis
[59

&&

] (Fig. 2C). Similar to echo, CMR respiratory
flow variation across the mitral valve exceeding 25%
is a sensitive and specific sign for CP [60]. Assess-
ment for myocardial involvement can assist in
ruling out cardiomyopathies as a cause of symptoms
[56

&&

]. CMR can also provide anatomic information
for surgical planning.

Catheterization

Invasive haemodyanmic assessment with simulta-
neous right and left ventricular measurement is
important in assessment of constriction. The equal-
ization of pressures at end-diastole (’dip and plateau’
sign) is not specific to constriction but can help
confirm the diagnosis when combined with addi-
tional findings [56

&&

].
Health, Inc. All rights reserved.
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PULMONARY ARTERIAL HYPERTENSION

PAH is present in 12–29% of patients with SSc
[61,62]. PAH is major risk factor and cause of death
in those with SSc [6,61,63]. Three-year survival is
estimated at 60% despite treatment [64], which is
significantly worse than idiopathic PAH.
Evaluation

Current guidelines suggest screening all patients
with SSc for PAH. Screening tests for PAH include
EKG, 2DE, pulmonary function test and laboratory
testing [65]. CT and CMR can be used for further
evaluation. A right heart catheterization (RHC) is
necessary to diagnose PAH.
Pulmonary function test

If the DLCO% is less than 60% or more than 3 years
of disease duration, usage of the DETECT algorithm
can improve detection of PAH [65]. DETECT uses
clinical and test results to suggest echo or RHC, with
 Copyright © 2017 Wolters Kluwe

FIGURE 3. Clinical algorithm for screening and diagnosis of ca
drug; CCB, calcium channel blocker; EP, electrophysiology; PCI,
heart catheterization; RHC, right heart catheterization.

1040-8711 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
a sensitivity of 96% and a very low false-negative
rate [66].
Two-dimensional echocardiography

Echocardiography screening for SSc-PAH focuses on
assessment of intracardiac pressures via the tricuspid
regurgitant velocity or estimated pulmonary pres-
sures [67

&&

]. Recommendations suggest referral for
RHC if the tricuspid regurgitant velocity is more
than 2.8 m/s or more than 2.5 m/s if signs and
symptoms of PAH are present [65]. Additional echo
findings suggestive of pulmonary hypertension (PH)
should be monitored such as intraventricular septal
flattening [67

&&

].

Computed tomography/cardiac magnetic
resonance

Increased PA diameter (�29 mm), septal flattening
and RV-LV ratio suggest elevated pulmonary pres-
sures [67

&&

]. High-resolution CT imaging is used to
assess for ILD and for signs of pulmonary veno-
r Health, Inc. All rights reserved.
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percutaneous coronary intervention; R/LHC, right and left
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occlusive disease that can complicate both SSc-
PAH diagnosis and therapy [68]. CMR allows for
anatomic, functional and haemodynamic assess-
ment in PAH such as right ventricular size and
function [69].

Right heart catheterization

RHC remains the gold standard for haemodynamic
assessment of PH. It is recommended for confirmation
of diagnosis of elevated pulmonary pressures on 2DE,
to rule out left-sided heart disease and to differentiate
between the different causes of PH [67

&&

].
Therapy

Management of PAH due to SSc is treated similarly
to idiopathic PAH. Supportive therapy generally
begins with diuretics, digoxin and oxygen [67

&&

].
Long-term response to calcium-channel blocker is
not seen, and routine usage is not recommended
[70]. Phoshodiesterase-5 inhibitors (PDE5) such as
sildenafil and tadalafil are effective in maintaining
patient function [71–73]. Endothelin receptor-an-
tagonist (ERA) ambrisentan improved function and
survival out to 3 years [74

&&

]. Macitentan improved
quality of life at 36 months [75]. Guanylate cyclase
stimulator riociguat improved functional and hae-
modynamic parameters out to 2 years [76].

Prostacyclin analogues remain an effective ther-
apy, but short half-life and chemical instability
make epoprostenol and treprostinil difficult to
administer [77

&&

,78]. Selexipag, an oral selective
prostacyclin-receptor agonist with a long-lasting
formulation, showed a reduced risk of death or
PAH-related complication and improved function.
[77

&&

,79
&

]. Combination therapies can improve out-
comes and recent trials have included patients
already on one or more PAH therapies. Selexipag
improved outcomes when added to ERA�PDE5
inhibitors [79

&

]. Ambrisentan/tadalafil combination
therapy was shown to be more effective either
agent alone [80

&&

]. Not all combinations are recom-
mended as riociguat and sildenafil have safety
concerns [71].
CONCLUSION

Cardiac involvement in SSc continues to be a signif-
icant source of morbidity and mortality. Screening
techniques allow for earlier detection of complica-
tions, including myocardial fibrosis, conduction
disease and PH. Modern imaging allows improved
visualization of the RV, which is commonly
involved and tied closely to significant morbidity.
Figure 3 is a proposed clinical algorithm for
 Copyright © 2017 Wolters Kluwer 
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screening and diagnosis of cardiac involvement
in SSc based on expert opinion. Effective
therapies for prevention of disease progression
and reducing mortality are elusive and remain
an important focus for research.
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 CURRENT
OPINION The roles of dermal white adipose tissue loss in

scleroderma skin fibrosis

Roberta G. Marangonia and Theresa T. Lub,c

Purpose of review

Dermal white adipose tissue (DWAT) is distinct from subcutaneous white adipose tissue and is lost in
scleroderma skin fibrosis. The roles of DWAT loss in scleroderma skin fibrosis have not been well
understood, and here we discuss recent findings that begin to provide insight into the multiple mechanisms
involved.

Recent findings

The DWAT loss in part reflects the direct contribution of DWAT cells to the fibrotic tissue, with the
reprogramming of adipocytes to myofibroblasts. The DWAT contains reparative adipose-derived stromal
cells and expresses antifibrotic cytokines such as adiponectin, and the loss of these skin-protective
mechanisms with DWAT loss further contributes to skin fibrosis and injury.

Summary

Potentially, halting or reversing the transdifferentiation of adipocytes to myofibroblasts along with improving
survival of reparative adipose-derived stromal cells (ADSCs) and expression of antifibrotic cytokines may be
effective therapeutic avenues.

Keywords

dermal white adipose tissue, mesenchymal stromal cells, myofibroblasts, scleroderma, skin fibrosis

INTRODUCTION: DERMAL-ASSOCIATED
WHITE ADIPOSE TISSUE AND
SCLERODERMA

Skin is associated with two types of white adipose
tissue (WAT). There is subcutaneous WAT (SWAT)
that is located beneath the skin that includes the
adipose tissue removed by abdominal liposuction
and the inguinal fat pads in mice. There is also a
distinct dermis-associated WAT, recently termed der-
mal white adipose tissue (DWAT) [1]. DWAT is locat-
ed directly under the reticular dermis. In rodents, but
not in humans, SWAT and DWAT are separated by
the muscle layer called panniculus carnosus (Fig. 1).
In humans, DWAT is predominantly located around
the pilosebaceous units forming cone geometry,
which has a portion located in the dermis and the
other traversing the dermis to infiltrate into the
SWAT. DWAT has a developmental origin indepen-
dent of the SWAT and shares a common precursor
with dermal fibroblasts during embryogenesis [2].
Although DWAT can have insulating and energy-
provision functions similar to SWAT [3

&

,4
&

], DWAT
also contributes in multiple ways to skin biology by
participating in hair follicle cycling [5], wound heal-
ing [6], and antibacterial defense [7].

There has been recent interest in the DWAT in
scleroderma because the DWAT is partially lost with
skin fibrosis [8]. Standard punch biopsies are unlike-
ly to sample the entire depth of the dermis, and
thus, quantifying the extent of DWAT loss is diffi-
cult. However, Fleischmajer et al. [9,10] performed
excisional biopsies that allow sampling of skin to
the muscle layer and observed that there was loss
of DWAT in systemic scleroderma and most local-
ized scleroderma patients. The DWAT loss is
also observed in mouse models of dermal fibrosis
[11–17], and time course studies show that DWAT
loss precedes dermal thickening in the bleomycin
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KEY POINTS

� DWAT is lost in scleroderma skin fibrosis.

� The DWAT loss reflects direct contribution of adipocytes
to fibrotic skin by reprogramming of adipocytes to
myofibroblasts.

� The DWAT contains reparative ADSCs and expresses
antifibrotic cytokines such as adiponectin, and the loss
of these skin-protective mechanisms with DWAT loss
further contributes to skin fibrosis and injury.

� Potentially, halting or reversing the transdifferentiation
of adipocytes to myofibroblasts along with improving
survival of reparative ADSCs and adiponectin
expression may be effective therapeutic avenues.

FIGURE 1. Skin anatomy and dermal white adipose tissue
location. Hematoxylin and eosin stain of mouse skin shows
the location of the dermal white adipose tissue under the
reticular dermis and above the panniculus carnosus. The
subcutaneous white adipose tissue is under the panniculus
carnosus. Note that in humans, dermal white adipose tissue
and subcutaneous white adipose tissue are contiguous, and
the dermal white adipose tissue can partly infiltrate
subcutaneous white adipose tissue in association with hair
follicles and sebaceous glands.

Raynaud phenomenon, scleroderma, overlap syndromes and other fibrosing syndromes
model [18,19] and that a decrease in adipogenic
gene expression precedes the increase in fibrino-
genic gene expression [18]. These studies suggest
that DWAT loss may either reflect a pathogenic
process or play a pathogenic role in skin fibrosis.
Here, we discuss recent findings that are beginning
to unravel how the DWAT loss both reflects a direct
pathogenic contribution of adipocytes to skin fibro-
sis and how the DWAT loss contributes to the skin
fibrosis and injury.
DERMAL-ASSOCIATED WHITE ADIPOSE
TISSUE LOSS REFLECTING DIRECT
CONTRIBUTION OF ADIPOCYTES TO
FIBROTIC SKIN

Recent studies have suggested transdifferentiation
or, potentially, a fate switch between adipocytes and
myofibroblasts in fibrosis. By using a transgenic
mouse model, Marangoni et al. [18] showed that
during fibrosis, cells that are restricted to DWAT and
express the fat-specific marker adiponectin, which
are presumed to be adipocytes, transdifferentiate
into myofibroblasts in the bleomycin mouse model.
In vitro, adipocyte-generating cultures can generate
myofibroblasts with TGFb signals [18]. Likewise, a
switch in progenitor cell fate was suggested in a
study whereby platelet-derived growth factor recep-
tor a-positive (Pdgraþ) progenitor cells expressing
constitutively active ß-catenin showed suppression
of adipogenesis and replacement of DWAT with
fibrotic fibroblasts [20]. Conversely, during resolu-
tion of wound healing, myofibroblasts appear to
transdifferentiate into adipocytes upon activation
of the BMP-Zfp423 embryonic pathway [21

&&

].
Similar to these studies in skin, lineage-tracing
approaches in lung showed that lipofibroblasts
that resemble adipocytes transdifferentiate into
 Copyright © 2017 Wolters Kluwer 
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myofibroblasts during bleomycin-induced lung
fibrosis. During fibrosis resolution, myofibroblasts
transitioned to a lipofibroblast-like phenotype [22

&

].
Together, these studies strongly support the idea
that adipocytes in DWAT may contribute directly
to fibrosis by reprogramming to myofibroblasts.
The extent to which the adipocyte–myofibroblast
reprogramming involves direct transdifferentiation
versus a fate switch of a progenitor cell type will
need to be further determined, especially given the
apparently protective functions of mesenchymal
stromal cells discussed below.
DERMAL-ASSOCIATED WHITE ADIPOSE
TISSUE LOSS AND LOSS OF REPARATIVE
DERMAL-ASSOCIATED WHITE ADIPOSE
TISSUE ADIPOCYTE-DERIVED STROMAL
CELLS

The stromal-vascular fraction (i.e., the nonadipo-
cyte fraction) of adipose tissue contains heteroge-
nous assortment of mesenchymal stromal cells that
include stem-like cells with multilineage differenti-
ation potential as well as more differentiated adipo-
cyte progenitors and preadipocytes that develop
into adipocytes [23–25]. In addition to tissue regen-
eration potential, the adipose mesenchymal stromal
cells, referred to as ‘adipose-derived stromal cells’
(ADSCs), have reparative properties. They are anti-
inflammatory and immunosuppressive, showing
efficacy n reducing graft-versus-host disease [26]
and other autoimmune and inflammatory disease
Health, Inc. All rights reserved.
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models [27]. They express anti-inflammatory mole-
cules such as nitric oxide, indoleamine-2,3-dioxy-
gense, PGE2, and TGFb. Although TGFb can be
profibrotic, these molecules can promote the devel-
opment of regulatory T cells, and perhaps more
relevant for scleroderma, macrophage polarization
toward an anti-inflammatory and tissue-repair phe-
notype [28–31]. In addition, these cells can reduce
oxidative stress [32] and be proangiogenic, either by
differentiating into endothelial cells [33,34] or
secreting proangiogenic factors [35,36], or by induc-
ing myeloid cells to adopt a proangiogenic pheno-
type [28,31,37].

Injection of ADSCs or mesenchymal stromal
cells from other sources is being tried as a potential
beneficial therapy in localized and systemic sclero-
derma. In localized scleroderma, ADSCs cultured
from SWAT or the SWAT ADSC-containing stro-
mal-vascular fraction added to fat transfers may
prolong the effectiveness of the fat grafts aimed at
augmenting soft tissue volume [38,39]. Even with-
out the fat grafts, injection of cultured ADSCs alone
arrested progression and softened the skin in a small
observational study [40]. In systemic scleroderma,
stromal-vascular fraction cells injected into the
base of fingers also showed promising effects on
hand and vascular function at 12 months in an
uncontrolled trial study [41

&

]. Currently, the effec-
tiveness of the finger injection on hand function
is being assessed in a multicenter randomized dou-
ble-blind controlled trial (Clinicaltrials.gov, trial
NCT02396238). Systemic injection of mesenchymal
stromal cells from bone marrow and umbilical cord
has been reported anecdotally and in a small case
series [42–44], and there is a Phase I/II study of
allogeneic mesenchymal stromal cells in progress
(Clinicaltrials.gov, trial NCT02213705). It is an
exciting time for mesenchymal cell-based therapy
in scleroderma.

The efficacy of local and systemic ADSC injec-
tion is replicated in mouse models of scleroderma,
providing opportunities to understand how to opti-
mize treatments and understand mechanisms. In a
model induced by daily subcutaneous injection of
hypochlorous acid (HOCl) into Balb/c mice, intra-
venous injection with healthy murine ADSCs from
SWAT ameliorated skin fibrosis and also the lung
fibrosis that occur in this model [45]. In the bleo-
mycin model, we found that local injection of
healthy murine DWAT ADSCs did not have appre-
ciable effects on fibrosis, but improving the survival
of the injected ADSCs was associated with amelio-
ration of fibrosis [19]. Healthy human vascular-stro-
mal fraction cells and adipose tissue injected locally
into the lesions of bleomycin-treated nude mice
ameliorated established skin fibrosis [46]. Although
 Copyright © 2017 Wolters Kluwe
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nude mice lack T cells [47], human mesenchymal
stromal cells have been administered to immuno-
competent mice in models of lupus, and rheuma-
toid arthritis without obvious immunogenic
responses and with good therapeutic efficacy
[48,49]. Indeed, healthy human ADSCs were as ef-
fective as murine ADSCs in ameliorating skin and
lung fibrosis in the HOCl model [45]. Thus, preclin-
ical models of scleroderma skin fibrosis can be useful
for examining murine and human ADSCs as poten-
tial approach to therapy.

The clinical studies in scleroderma have used
autologous cells, but it is unclear whether autolo-
gous cells are optimally effective. Bone marrow
mesenchymal stromal cells from scleroderma
patients were observed to be more senescent
although they retained in-vitro immunosuppressive
abilities [50] and were superior than healthy control
mesenchymal stromal cells in having a greater
proangiogenic activity [51,52]. ADSCs from sclero-
derma patients were less proliferative and migratory
[53], but their cell surface phenotype, differentia-
tion capacity, in-vitro immune suppressive, and
proangiogenic effects were the same as those of
healthy control ADSCs [53,54

&

]. Whether there are
differences in effectiveness between autologous and
allogeneic cells from healthy donors, and also
between freshly isolated ADSCs or stromal-vascular
fraction cells and cultured cells in vivo will be
important to understand to optimize therapy for
scleroderma. In addition, although mesenchymal
stromal cells are considered to be nonimmunogenic,
they can stimulate a rejection response [55,56]; thus,
understanding how to optimize autologous mesen-
chymal stromal cell therapy will be an important
approach in the long term.

Endogenous DWAT ADSCs appear to have a
protective role in scleroderma skin fibrosis models.
We recently asked whether ADSCs are lost from the
skin with DWAT loss and whether we could under-
stand the mechanisms that maintain their numbers.
In both the bleomycin and the graft-versus-host
disease models, ADSCs were reduced by 80% when
fibrosis was established and most of the ADSC loss
was attributable to cell death [19]. This suggested the
possibility that loss of reparative ADSCs due to
DWAT loss may contribute to the incalcitrant na-
ture of skin fibrosis. Lineage-tracing experiments by
Driskell et al. [2] showed that an ADSC subpopula-
tion gives rise to myofibroblasts during wound heal-
ing, adding to the idea that these are reparative cells.
However, it raises the possibility that ADSCs could
potentially contribute to the myofibroblast popula-
tion in skin fibrosis as well. Although we could not
rule out this possibility in the bleomycin model, we
found by using dendritic cell depletion models that
r Health, Inc. All rights reserved.

rved. www.co-rheumatology.com 587



Roles of DWAT loss in skin fibrosis

Normal skin Fibro�c skin
Adipocyte
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adiponec�n

1. Reflects direct contribu�on to fibrosis: 
loss of adipocytes with reprogramming to myofibroblasts

2. Contributes to fibrosis and injury by loss of protec�ve mechanisms:
a. Loss of ADSCs
b. Loss of adiponec�n

epidermis

dermis

DWAT

FIGURE 2. The roles of dermal white adipose tissue loss in
scleroderma skin fibrosis. The dermal white adipose tissue
loss in part reflects the direct contribution of dermal white
adipose tissue cells to the fibrotic tissue, with the
reprogramming of adipocytes to myofibroblasts. The dermal
white adipose tissue contains reparative adipose-derived
stromal cells and expresses antifibrotic cytokines such as
adiponectin, and the loss of these skin-protective mechanisms
with dermal white adipose tissue loss further contributes to
skin fibrosis and injury.
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dendritic cells maintained the survival of about 40%
of the remaining ADSCs in fibrotic skin, and that
dendritic cell depletion and loss of ADSCs was asso-
ciated with worsened skin injury. Although fibrosis
per se as reflected by collagen protein content was
not worsened, the DWAT was further reduced, ad-
ditional scleroderma-associated gene expression
changes were observed, and wound healing that
was compromised by bleomycin treatment was fur-
ther affected [19]. These results suggested that
ADSCs protect the skin state in fibrotic skin.

Our finding that dendritic cells could mediate
DWAT ADSC survival in fibrotic skin suggested that
provision of dendritic cell-derived signals could
improve survival, and therefore, effectiveness of
therapeutically delivered ADSCs. Mesenchymal
stem cell therapy is felt to be limited in part by
the survival span of the injected cells [57], and,
indeed, most of the ADSCs that we injected into
fibrotic lesions could not be found 2 weeks later. We
found that dendritic cells maintained ADSC survival
via expression of lymphotoxin a1b2 and stimula-
tion of LTbR, a tumor necrosis factor receptor family
member, on ADSCs. Mimicking provision of LTbR
signals with an LTbR agonist antibody improved the
survival of the injected ADSCs and partly reversed
established fibrosis. In addition to reduced collagen
levels and dermal thickening, DWAT was increased,
wound healing was improved, and some of the
bleomycin-induced gene expression changes were
reversed. These changes suggested that improving
DWAT ADSC survival with LTbR stimulation had
improved ADSC effectiveness. Potentially, stimula-
tion of LTbR could improve effectiveness of human
ADSC therapy in scleroderma.
DERMAL-ASSOCIATED WHITE ADIPOSE
TISSUE LOSS AND LOSS OF DERMAL-
ASSOCIATED WHITE ADIPOSE TISSUE-
EXPRESSED PROTECTIVE CYTOKINES

Adipogenesis is regulated by the nuclear receptor
Peroxisome proliferator-activated receptor-gamma
(PPAR-g), implicated in inflammation and fibrosis
[58]. The antifibrotic effects of PPAR-g are mediated
by the adipose hormone adiponectin. In scleroder-
ma, PPAR-g expression is reduced in skin biopsies
and adiponectin is reduced both in the serum and
skin biopsies and is inversely correlated with the
extension of skin fibrosis [59]. Among its multiple
functions, adiponectin attenuates fibroblast activa-
tion and reverses the activated phenotype of
scleroderma fibroblasts [60]. Transgenic mice over-
expressing adiponectin are protected from skin and
peritoneal fibrosis and from the loss of dermal adi-
pose attrition [61]. Moreover, peptides targeting
 Copyright © 2017 Wolters Kluwer 
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adiponectin receptors protect from skin fibrosis in-
duced by bleomycin [61]. These findings implicate
reduced adiponectin as a potent driver in fibrosis
and target for therapy.
CONCLUSION

The DWAT loss, then, both reflects a direct contri-
bution of the DWAT to the skin fibrosis and con-
tributes to fibrosis and injury by the loss of DWAT’s
skin protective mechanisms (Fig. 2). Potentially,
halting or reversing the transdifferentiation of adi-
pocytes to myofibroblasts along with improving
survival of reparative ADSCs and expression of an-
tifibrotic cytokines may be effective therapeutic
avenues. The recent studies have begun to provide
insight into the complex role of DWAT in fibrosis,
and many questions remain. For example, in sclero-
derma, what are the drivers or what is the injury
that initiates the reprogramming of adipocytes to
myofibroblasts? Within the ADSCs, are there sub-
populations that have different skin-protective ca-
pabilities? Along with mechanistic understanding,
can the amount of DWAT loss in patients be used for
early diagnosis or to measure outcome or perhaps
identify those who would benefit from ADSC or
adiponectin therapy? Further understanding of
the DWAT in skin function and scleroderma holds
promise for new therapies to reduce fibrosis and
repair skin function in this severe disease.
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 CURRENT
OPINION Novel insights of disability assessment in

adult myositis

Hector Fabricio Espinosa-Ortegaa, Mariana Moreno-Ramirezb,
and Helene Alexandersonc,d

Purpose of review

To review the novel development of standardized clinical outcome measures used in adult patients with
idiopathic inflammatory myopathies (IIMs). A further aim was to determine what aspects of IIM are covered
by these outcome measures according to the International Classification of Functioning, Disability and
Health (ICF).

Recent findings

The sporadic inclusion body myositis functional assessment (sIFA) is the first diagnosis-specific patient-driven
patient-reported outcome measure. The adult myositis assessment tool (AMAT) is a new outcome measure
assessing physical performance. Also, new criteria to assess response to treatment have been presented for
both adults and children with IIM. The ICF provides a standardized frame and structure to report outcome,
including functional disability. Using this framework, it is evident that there is a lack of validated patient-
reported outcome measures to assess disease aspects important to patient, and that no studies have
evaluated life-style factors such as physical activity in these patients.

Summary

The sIFA will ensure patient-relevant patient-reported assessment of activity limitations in patients with
inclusion body myositis. The AMAT is a partly validated tool that needs to be used in clinical trials for
further validation. The response criteria will enhance assessment of individual response to different
treatments.

Keywords

disability, functioning, impairment, myositis, outcome measures

INTRODUCTION

The idiopathic inflammatory myopathies (IIMs),
collectively known as myositis, are characterized
clinically by muscle weakness, reduced muscle
endurance and muscle inflammation. On the basis
of different clinical and histopathologic features,
three main subsets of adult myositis have been
defined: polymyositis, dermatomyositis, immune-
mediated necrotizing myopathy and inclusion body
myositis (IBM) [1,2]. In all types of myositis, muscle
performance and aerobic fitness are often reduced,
affecting patients’ activity performance and health-
related quality of life [3]. During the progression of
the disease, symptoms may occur in different organs
at different times. A standardized, combined assess-
ment of clinical outcomes, including patients’
perspectives and objective measures, may help clini-
cians understand how disability develops through
the diseases duration as well as impact of disability
on patients’ lives.

OUTCOME MEASUREMENT IN IDIOPATHIC
INFLAMMATORY MYOPATHY

A critical part of evaluating a patient with myositis is
to determine the degree of potentially reversible
inflammation that may respond to immunosup-
pressive treatments (disease activity), and the degree
of fibrosis or scarring resulting in nonreversible
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KEY POINTS

� Response criteria and a new patient-driven patient-
reported tool have been developed recently.

� A large majority of clinical assessments in adult IIM are
objective measures on ICF impairment.

� There are only a few PROMs on ICF activity limitation
and participation restriction for adult IIM.

� ICF contextual factors, such as physical activity and
other life style factors, have not been assessed in
adult IIM.

� Symptoms important to patients, such as pain, fatigue
and cognitive impact, are not included in
recommended clinical assessment.
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FIGURE 1. ICF was introduced by the World Health
Organization (WHO) [6]. According to this framework,
disability denotes the negative aspects of the interaction
between a person’s health conditions and his/her
environment and refers to all impairments, activity limitations
and participation restrictions [7]. Body functions refer to the
physiological performance of body systems, whereas Body
structure concerns all the anatomical parts of the body.
Limitations in body functions and body structures are defined
as impairment. Difficulties in executing an activity of daily
life are defined as activity limitation, whereas participation
restrictions are problems that an individual may experience
in any life situation. Contextual factors, for example
environmental factors reflect an individual’s physical
environment as well as social networks, whereas personal
factors reflect an individual’s personal resources, beliefs,
perception of health – disability. ICF, International
Classification of Functioning, Disability and Health.

Myositis and myopathies
tissue injury that will not respond to treatment
(damage). The discrimination among these two
aspects might be particularly difficult because in
some cases, patients may exhibit an association
between disease activity and damage if they have
had a long-standing disease [4]. Until recent years,
there has been a lack of disease-specific and validat-
ed assessment tools for patients with inflammatory
myopathies, leading to extensive use of arthritis-
specific or neurology-specific measures to assess
these patients. So far, a few myositis-specific out-
come measures have been developed and validated,
and the properties of few outcome measures for
adults and children with IIM have been presented
[5,6]. The scope of this review focuses on novel
standardized clinical outcome measures and their
measurement properties used in adult patients with
myositis. A further aim was to evaluate what aspects
of IIM are covered by these outcome measures
according to the International Classification of
Functioning, Disability and Health (Fig. 1) [6,7].
BODY STRUCTURE AND BODY FUNCTION
DISABILITY MEASUREMENT

In the last decade, an international, interdisciplin-
ary network, the International Myositis Assessment
and Clinical Studies Group (IMACS) created a core
set of outcome measures. The six-item core set
of disease activity measures included physicians’
and patients’ global activity assessment, muscle
strength, functional disability, muscular enzymes
and extra muscular disease activity [7]. This latter
part of the core set represents a prominent aspect of
myopathies disease activity as inflammation could
be less remarkable in muscles, but more so in other
organs. Extra muscular involvement encompasses
 Copyright © 2017 Wolters Kluwer 
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mainly joints, lung, heart, skin and gastrointestinal
systems. Lung computed tomography, pulmonary
functional tests, echocardiography, heart MRI and
esophageal motility assessment are important tools
to approach extra muscular disease activity and
damage [8]. Recently, the American College of
Rheumatology board/European League Against
Rheumatology committee endorsed the responder
criteria of disease activity based on this core set and
assigned categories for minimal, moderate and ma-
jor clinical response (20, 40 and 60%, respectively)
[9

&&

]. Two of the most important features of these
criteria are that they assign weight for each item
depending on the contribution to the final score
and it is a continuous score which describes an
absolute change for each patient. Nevertheless,
one concern of these criteria is that ‘worsening’
and ‘no change’ receives the same score, because
they are focused only on improvement. Further
research is needed to address this limitation. The
myositis damage index assesses the extent and
severity of irreversible damage present for at least
6 months in 11 different organ systems (muscular,
skeletal, cutaneous, gastrointestinal, pulmonary,
cardiovascular, peripheral vascular, endocrine,
ocular, infectious and malignancy) [8,10].
Health, Inc. All rights reserved.
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Muscle biopsies are essential to diagnose IIM, and
the conchotome technique [11] has proven feasible
for follow-up studies of inflammatory markers
and gene expression. In these studies, correlation
of biopsy findings with measures of clinical disease
activity or disability has provided new knowledge of
disease mechanisms and treatment response [12–16].

Muscle enzymes. Levels of creatinphospho-
kinase remain as one of the objective measures that
discriminates active disease, which commonly dem-
onstrates abnormally high levels of enzymes in the
serum prior to treatment, from disease remission or
disease damage, which is indicated by normal or
subnormal enzyme levels [17,18]. Lactate levels
have been investigated in both muscle tissue and
serum in patients with established polymyositis and
dermatomyositis. Lactate levels in the extra-cellular
matrix were examined by a microdyalisis technique
after incremental activity on a stationary cycle until
exhaustion in patients and healthy controls [13].
The lactate levels were significantly reduced on a
follow-up stationary cycle test on the same intensity
after 12 weeks of endurance training. When investi-
gating lactate levels in serum after a treadmill work-
out to exhaustion, there was a significant difference
between patients and controls; nevertheless, after a
6-week program of aerobic exercise, lactate levels
decreased and an improvement of physical perfor-
mance was observed [19]. Even so, standardized
techniques that correlate lactate levels and physical
endurance are still lacking.

MRI is one of the few tools that can discriminate
between disease activity and damage in a patient
with inflammatory myositis [20

&

]. It has performed
as a valuable implement in clinical monitoring of
responses to therapy because of its good correlation
with other clinical measures of myositis activity,
including physician global activity, strength testing
and muscle histopathology [21]. A distinctive
advantage of MRI is its capacity to distinguish
between myositis subtypes, including amyopathic
and myopathic myositis [22], and polymyositis/
dermatomyositis and IBM.

Impaired muscle function is the most promi-
nent clinical feature of the inflammatory myopa-
thies and is related to both muscle weakness and
decreased endurance with more easily fatigued mus-
cle, predominantly in proximal and axial muscle
groups [23]. The purpose of the manual muscle test
(MMT) is to measure isometric muscle strength as
part of physical examination. The most recent ver-
sion is derived from the total score measured in
eight muscle groups (including neck flexors, del-
toids, biceps, wrist extensors, gluteus medius and
maximus, quadriceps and dorsi-flexors of the ankle,
MMT8); each muscle is rated in a 0–10 with higher
 Copyright © 2017 Wolters Kluwe
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scores for higher strength to a maximum of 80 [24].
Isokinetic muscle strength, defined as muscle action
performed in the same pace throughout the whole
range of motion in degrees/second, has also been
used to assess muscle strength [25]. Although this
system has the potential to quantify torque during
muscle contraction and is useful for measuring mus-
cle power (work velocity), fatigue and endurance, its
use is limited, as it is costly and requires well-trained
personnel for operation. Another way of assessing
muscle strength is the voluntary repetition maxi-
mum (VRM) procedure. A 1 VRM equals the weight
that the patient can lift once but not in a second
chance, which is often used in healthy populations.
Five VRM and 10–15 VRM have been used to assess
muscle strength in two exercise studies in polymyo-
sitis/dermatomyositis patients [13,26]. Both the 5
and 10–15 VRM were sensitive to detect significant
improvements in muscle strength. However, there
are no data on the reliability of these tests in myosi-
tis patients. Grip strength has been assessed in adults
with IIM using the Grippit instrument [27], and it
was recently shown that myositis patients have
reduced grip force compared with controls and this
might also affect quality of life [28].

The functional index was the first specific assess-
ment tool to evaluate muscle endurance in patients
with myositis. This score was further developed into
the functional index-2 [29], wherein the number
of maximal repetitions for each muscle group was
increased. Furthermore, a given pace measured by a
metronome was introduced to further standardize
the test. With very high correlations between right
and left sides, only one side of the body needs to be
assessed, making the measure less time consuming
and better tolerated by patients feasible to perform it
in clinical practice. Another functional evaluation
recently used in myositis is the walking test. This test
measures the distance that can be walked within a
standardized period of 2 or 6 min (2-MWT or 6-MWT,
respectively). Both tests correlate moderately with
each other; thus, 2MWT is more feasible in clinical
care and research with less patient burden [30]. The
maximal oxygen uptake test by cycle ergometry is a
sensitive method to investigate maximal aerobic ca-
pacity in patients with adult IIM. In this functional
test, aerobic exercise limitation, including peak
oxygen uptake and work, correlates well with disease
duration, global disease activity and damage as well
as self-reported physical function [31,32].
ACTIVITY LIMITATION/PARTICIPATION
RESTRICTION

From a patient perspective, activity limitation and
participation restriction may be even more
r Health, Inc. All rights reserved.
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important measures, as they serve to identify indi-
vidual disease-related disabilities. Recently, an inter-
national collaboration in the field of rheumatology
(OMERACT) has identified the need to include
valid patient-driven and PROM in clinical trials
[3]. According to an extensive literature review,
six scales were identified: two specifically created
for myositis patients; four of these scales, though
not specifically for myositis, have been validated in
these patients and additionally, two mental health
tests were added as a new perspective for integral
evaluation.

The sporadic inclusion body myositis physical
functioning assessment (sIFA) was recently devel-
oped and validated, specifically for patients with
IBM [33

&&

]. To ensure content validity, the question-
naire was based on a literature review, interviews
with expert clinicians and on individual interviews
with patients. Data were analyzed qualitatively and
patients were then included to discuss the question-
naire’s content, wording and scaling. The sIFA con-
sists of 10 items divided in three subscales: lower
body functioning (standing up from sitting, getting
on and off a toilet, walking on flat ground, walking
on uneven or sloping ground, climbing five steps,
stepping up and down a sidewalk curb), upper body
functioning (carrying a five-pound object, gripping
small objects like a key in a lock or tying shoes) and
general functioning (getting off the floor or ground,
swallowing). Each item is scored on a numerical
scale from 0 to 10, with a total score ranging from
0 to 100, where 100 indicates severe limitations. The
sIFA had good internal consistency and moderate-
to-strong interitem correlations. Good test-retest
reliability was demonstrated, with an intraclass cor-
relation of 0.91. Correlation between the sIFA and
the health assessment questionnaire (HAQ) test was
good, whereas correlation with impairment mea-
sures was lower. A small effect size was evident from
noninterventional studies [34]. The sIFA is the first
PROM developed based on patients’ own experience
of myositis, specifically IBM which could ensure
patient-relevance of items.

The adult myopathy assessment tool (AMAT)
scale is a recently developed 13-item physical per-
formance test that encompasses two subscales: a
functional (range 0–21) and endurance (range 0–
24) scale for a total score ranging from 0 to 45. It
does not require any specialized equipment, and
it may be completed within 20–30 min. The two
domains reflect the contribution of impaired muscle
force on functional limitations and incorporate the
fact that excessive fatigue may interfere with physi-
cal performance and activities of daily life. The
AMAT tool has been tested in healthy individuals
and a small group of myositis patients, finding
 Copyright © 2017 Wolters Kluwer 
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neither ceiling nor floor effect. The scale has accept-
able intrarater agreement and is easy to apply. How-
ever, the tool as to minimally clinically important
difference, responsiveness and test-retest reliability
in larger groups of myositis patients [35

&

].
The HAQ-DI [36] has been in use for many years

to assess patients with adult inflammatory myopa-
thies. Even though it is included in the IMACS core
set, it has not been validated for these patients. To
fill the HAQ gaps, the myositis activities profile was
developed [37]. With this tool, patients with adult
polymyositis and dermatomyositis are asked to rate
the difficulty and the importance of 31 activities
covering a wider range of International Classifica-
tion of Functioning, Disability and Health domains
compared to HAQ [38].

The McMaster Toronto arthritis patient prefer-
ence questionnaire (MACTAR) was originally devel-
oped as an arthritis-specific questionnaire and
modified later into a semistructured interview [39].
The MACTAR Baseline and Follow-up consist of ques-
tions divided into six different categories, including
general health, quality of life, physical function and
social function, as well as the most important daily
activities requiring improvement, where patients are
encouraged to spontaneously identify at least five
activities that they want to improve. The MACTAR
has been validated for patients with adult poly-
myositis/dermatomyositis and can detect significant
improvement in patient-preference activity limita-
tion following 12 weeks of exercise [13].

The inclusion body myositis functional rating
scale [40] is the first functional scale developed
exclusively for IBM clinical trials and should be
performed as an interview and not as a self-reported
questionnaire. It can be administered in less than
10 min and is sensitive to change over time. The
disability of the arm, shoulder and hand (DASH) is
not a new measure, but has not been used in myosi-
tis until recently. The DASH is a 30-item, patient-
reported outcome to assess activity limitation and
participation restriction in relation to upper extrem-
ity function in individuals with musculoskeletal
disorders [41]. This instrument has been used in
a hand-exercise study in adults with polymyositis
and dermatomyositis [28]. It is an easily adminis-
tered questionnaire with available population-based
reference values.

The generic short form-36 (SF-36) questionnaire
[42] is a generic PROM proven to be sensitive for the
assessment of perceived health in patients with
inflammatory myopathies and has been endorsed
by the IMACS. Several studies of patients with adult
myositis and adults with juvenile-onset disease were
rated as having significantly poorer health in all
eight domains compared to the normal population
Health, Inc. All rights reserved.
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and were related to disability and poor survival rate
[43–46]. In two different cohorts, the SF-36 was
able to detect significant improvement in several
domains following a 12-week exercise programmes
in patients with chronic as well as recent-onset
disease [47,48]. Other studies using nonspecific
measurement scores like the WHOQOL-BREF
score have been used to evaluate this aspect of
participation restriction, and these findings are
similar to SF-36 performance [49].
DISCUSSION

Most outcome measures assess impairment (limita-
tions in body function and structures), whereas
fewer outcome measures focus on activity limitation
and participation restriction. No studies so far have
measured contextual factors such as physical activi-
ty levels, barriers and support for physical activity,
self-locus of control or environmental factors
(Fig. 2). Most assessments are objective, but the
importance of also using patient-reported outcome
measures is recognized. The first patient-reported,
diagnosis-specific outcome measure based on
patients’ experience derived from qualitative meth-
odology was recently published for patients with
IBM, the sIFA. The functional index-2 and another
newly developed measure of impairment, the
AMAT, are the only myositis-specific measures of
impairment created for adults with myositis.

Few of the objective and patient-reported out-
come measures used in adults with IIM are thor-
oughly validated for this group of patients. The
AMAT and the functional index-2 are functional
 Copyright © 2017 Wolters Kluwe
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FIGURE 2. Outcome measures used in myositis according to
the ICF. Phy/pat global HAQ, health assessment
questionnaire disability index; IBMFRS, inclusion body
myositis functional rating scale; Lung CT, lung computed
tomography; MACTAR, McMaster Toronto arthritis patient
preference questionnaire; MAP, myositis activities profile;
MMT, manual muscle test; MRI, magnetic resonance
imaging; SF-36, short form-36; sIFA, sporadic inclusion body
myositis physical functioning assessment; VAS, physician
and patient global assessment visual analogue scale.
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assessments of impairment, initially developed
and validated for patients with adult polymyositis
and dermatomyositis; however, little is known of
these tools’ responsiveness, as their use in clinical
trials is limited. The MMT-8 muscle group was partly
validated in terms of interrater and intrarater reli-
ability, but there may be a risk of ceiling effects for
patients with polymyositis and dermatomyositis. It
may be argued that the MMT, hand-held myometers
and VRM-tests could be generic; however, it is valu-
able to know their measurement properties for vari-
ous diseases and how responsive these tests are to
medical and nonmedical treatments. A limitation
of functional impairment measures is the lack of
reference values. A small study concluded that 17
patients had significantly lower muscle endurance
assessed by the functional index-2 in measures of
lower limbs compared to healthy controls, but not
in neck flexion or shoulder flexion/shoulder abduc-
tion [50]. Although there are more reference values
for standard protocols of muscle strength and mus-
cle endurance in the Biodex system, its limitations
lie in its costliness and necessity of trained person-
nel. Further, a Biodex assessment should be com-
bined with a functional objective and/or patient-
reported measures to gain knowledge of the impact
of muscle impairment on patients’ lives and
improve clinical relevance.

The Food and Drug Administration and other
authorities have stressed the need for valid and
responsive patient-reported outcome measures used
in clinical trials (FDA 2009). Further, these patient-
reported outcomes need to be patient-relevant. The
international collaboration OMERACT is focusing
on evaluating patients’ experience of their disease
and what symptoms or life areas patients consider
important to measure in clinical trials. Since 2011,
the OMERACT Myositis Working Group consisting
of physicians, health professionals and patient re-
search partners from four continents (Australia,
Europe, Asia and North America) is focusing on
identifying a core set of PROMs to be used in all
clinical trials and identifying or developing PROMS
assessing these core domains. There was a discrep-
ancy between domains identified as important to
assess in patients and domains that were designated
as important to include in clinical trials [51

&

].
According to patients, fatigue, pain and sleep were
among the most important domains to assess in
polymyositis and dermatomyositis. Focus groups
of adults with polymyositis and dermatomyositis
have identified the symptoms that are important
to patients, such as fatigue, pain and cognitive
impact, which are not well described in the
literature. Ongoing online Delphi surveys with
patients, health professionals and pharmaceuticals
r Health, Inc. All rights reserved.
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will outline what should be included in minimal and
additional core sets of PROMs in adult polymyositis
and dermatomyositis during the next couple of years.
There are several PROMs assessing different aspects of
fatigue, pain and cognitive function; however, the
optimal PROM for use in myositis is not known. A
close collaboration between the IMACS and the
OMERACT Myositis Working Group will lead to
further improved clinical assessment and foster the
use of uniform core sets in clinical care and clinical
trials worldwide. International collaborations can also
enhance cross-cultural validation of core PROMs.

So far, contextual factors, either personal or
environmental, have not been assessed in adult
myositis. Factors such as smoking habits are often
assessed in clinical trials concerning rheumatic dis-
eases, as these factors have been found to impact
prognosis and responsiveness to treatment [52].
However, research has so far not focused on factors
such as physical activity level, work environment or
residential environment. There are many challenges
in assessing lifestyle habits such as physical activity.
Although many patient-reported outcome measures
are available and most of them are defined as generic
[53], there is a risk of over rating or underrating
physical activity. So far, there are no studies pub-
lished evaluating physical activity levels in myositis,
although there are a few ongoing efforts evaluating
physical activity using accelometers. Many small
studies and a few larger RCTs evaluating different
well-defined exercise programmes for adults with
IIM generate evidence that supports the benefits
of exercise [54]. However, no study has explored
the effects of everyday physical activity in IIM.
Improved objective and patient-reported outcome
measures would enhance this area.
CONCLUSION

Recent developments with responder criteria and a
patient-driven patient-reported outcome will con-
tribute to improved assessment and understanding
of myositis. However, despite receipt of adequate
medical treatment, inflammatory myositis causes
significant disabilities. Nowadays, health professio-
nals count on several tools to approach these patients
and objectively quantify the impact of interventions.
Objective measurements to assess all aspects of dis-
ability have been well analyzed and described, al-
though some of them still require validation for
certain populations. Although qualitative research
has revealed that fatigue, pain, cognitive impairment
and emotional factors are highly important disease
consequences, these symptoms are rarely described
in the literature. These symptoms are multidimen-
sional and further research is needed to develop
 Copyright © 2017 Wolters Kluwer 
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specific outcome measures for these disease aspects.
No studies have explored the impact of contextual
factors (such as physical activity, compliance to treat-
ment and side-effects of medical treatment) on treat-
ment response. Further research must be supported
to expand the knowledge of how disability continues
to impact myositis patients.
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 CURRENT
OPINION Cardiovascular involvement in myositis

Louise P. Diederichsen

Purpose of review

The purpose of this review is to provide an update on cardiovascular involvement in idiopathic
inflammatory myopathy (IIM). Studies from the past 18 months are identified and reviewed. Finally, the
clinical impact of these findings is discussed.

Recent findings

Epidemiological studies have revealed an increased risk of myocardial infraction and venous
thromboembolism (VTE) – including deep venous thrombosis and pulmonary embolism – in adults with
polymyositis or dermatomyositis compared to the general population, even after adjustment for potential
confounders. This increased risk applies particularly within the initial year of diagnosis. In addition, cross-
sectional studies have shown subclinical cardiac involvement in IIM effecting both heart function and
rhythm, and conduction abnormalities, which in part might be because of myocarditis. The International
Consensus Group on cardiac magnetic resonance (CMR) imaging suggests that CMR should be considered
as a potentially viable diagnostic tool to evaluate the possibility of silent myocardial inflammation in IIM
with normal routine noninvasive evaluation.

Summary

Updated literature on cardiovascular involvement in IIM has identified an increased risk for subclinical and
clinical cardiovascular disease in these rare inflammatory muscle diseases.

Keywords

cardiovascular disease, myocarditis, myositis, venous thromboembolism

INTRODUCTION

It has long been known that idiopathic inflamma-
tory myopathies (IIM) may effect other organ sys-
tems – including the heart – other than the skeletal
muscles. Furthermore, IIM is associated with
increased morbidity and mortality and cardiovascu-
lar comorbidity represents a major contributing fac-
tor. Still, limited data are available on cardiac and
especially vascular involvement in IIM.

The main processes affecting the heart in IIM
include disease-specific inflammation of the myo-
cardium and accelerated coronary atherosclerosis
secondary to IIM (Fig. 1) [1

&

]. Other pathophysio-
logic processes might be involved as well, although
their role is uncertain and poorly elucidated.
Regardless of the underlying cause, structural
changes within the heart may cause changes in
heart function and/or arrhythmia and conduction
disturbances, which might be fatal but most often
are subclinical.

The present review summarizes current knowl-
edge on cardiovascular involvement in IIM. Given
the limited studies on peripheral vascular compli-
cations in IIM the main focus of this review will be
the heart and adjacent vessels.

MYOCARDIAL INFARCTION

Limited data are available on the risk of cardiovascular
disease in IIM. Sharan et al. [2] investigated the risk of
incident myocardial infraction and ischaemic stroke
in adults with polymyositis and dermatomyositis in
British Columbia at a general population level. They
retrospectively assembled a cohort of adults with
polymyositis/dermatomyositis (n¼774) matched
with adults randomly selected from the general popu-
lation (n¼7923). A total of 15 years of follow-up was
examined and all cases with prior myocardial infrac-
tion or stroke were excluded from both groups. The
primary events were the first-ever myocardial infrac-
tion or stroke event during the follow-up period. They
demonstrated an increased risk of myocardial infrac-
tion but not of stroke in patients with polymyositis/
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KEY POINTS

� There is an increased risk of myocardial infraction and
venous thromboembolism – including deep venous
thrombosis and pulmonary embolism – in patients with
IIM compared to the general population.

� Subclinical cardiac involvement is pronounced in long-
term IIM and may effect heart function and cause
rhythm and conduction abnormalities.

� Cardiac magnetic resonance imaging should be
considered as a potentially viable diagnostic tool to
evaluate the possibility of silent myocardial
inflammation in IIM with normal routine
noninvasive evaluation.

FIGURE 1. Traditional cardiovascular risk factors can cause
inflammation may either have a direct effect on the myocardium or
the heart, disease can occur in the pericardium, coronary arteries,
disease can result in diastolic or systolic dysfunction, and when clin
Myocardial disease may result in arrhythmias, or they can occur as
function. Both arrhythmias and coronary artery disease, such as my

Cardiovascular involvement in myositis Diederichsen

1040-8711 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
dermatomyositis compared to controls. The incidence
rateper 1000 person-years for myocardial infraction in
polymyositis and dermatomyositis was 22.52 versus
5.50, respectively (Table 1). The adjusted hazard ratios
(HRs) [95% confidence interval (CI)] for myocardial
infraction in polymyositis and dermatomyositis com-
pared to controls was 3.89 (2.28–6.65) versus 2.92
(1.48–5.78), respectively, and highest in the first year
after the IIM diagnosis.
MYOCARDITIS

Myocarditis is a well known but rare manifesta-
tion of IIM. Although a definitive diagnosis of
inflammation of the myocardium still relies on
r Health, Inc. All rights reserved.

cardiac disease in patients with IIM. Systemic and local
make the heart more susceptible to traditional risk factors. In
or the myocardium, and arrhythmias can appear. Myocardial
ical symptoms arise, the patient has developed heart failure.
a result of inflammation directly influencing cardiomyocyte
ocardial infarction, can directly result in heart failure.
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Table 1. Relative risk of incident myocardial infarction according to polymyositis/dermatomyositis status

Myocardial infarction
Polymyositis

(n¼431)
Non-polymyositis

(n¼4496)
Dermatomyositis

(n¼352)
Non-dermatomyositis

(n¼3528)

Events, n 29 108 13 74

Total follow-up time 1287 19 650 1035 15 764

Incidence rate per 1000 person-years 22.52 5.50 12.56 4.69

Age-, sex-, and entry time–matched
cox HR (95% CI)

5.20 (3.31, 8.17) 1.0 3.51 (1.88, 6.54) 1.0

Fully-adjusted age-, sex-, and entry
time–matched cox HR (95% CI)

3.89 (2.28, 6.65) 1.0 2.92 (1.48, 5.78) 1.0

Fully adjusted models include the following covariates: polymyositis: number of outpatient visits, glucocorticoids and angina; dermatomyositis: number of
outpatient visits, NSAIDs, and cardiovascular drugs.

Myositis and myopathies
endomyocardial biopsy, myocarditis can be visual-
ized by cardiac magnetic resonance (CMR) imaging
(Fig. 2) [3]. At least two of three CMR abnormalities
are required to diagnose myocarditis: myocardial
edema on T2-weighted sequences, capillary leak,
and fibrosis, the latter is assessed on gadolinium
enhancement sequences [4]. In 2012, The Interna-
tional Consensus Group on CMR was formed aiming
to achieve consensus among CMR and rheumatology
experts in developing initial recommendations on
the current state-of-art use of CMR in connective
tissue diseases including myositis [3]. It was suggested
among others that that CMR should be considered as
a potentially viable diagnostic tool to evaluate the
possibility of silent myocardial inflammation in IIM
with normal routine noninvasive evaluation.

CMR abnormalities because of myocarditis have
been linked to different subsets of IIM. Yanagi et al.
[5] described a case of PM with accompanying myo-
carditis. At hospital admission, the 42-year-old
patient had clinical signs of both heart and skeletal
muscle disease. Echocardiography (ECHO) revealed
 Copyright © 2017 Wolters Kluwer 

FIGURE 2. Evidence of local edema in the anterolateral wall
of LV (arrow) can be detected by STIR T2 imaging during
myocarditis.
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left ventricular ejection fraction of 40%. Serum car-
diac troponin T level was elevated but no significant
stenosis was observed on coronary angiography.
Subsequently, myocarditis was diagnosed in view
of cardiac MRI, myocardial perfusion scintigraphy,
and endomyocardial biopsy.

Sado et al. [6] reported a case of myocardial
edema in antisynthetase syndrome. A 56-year-old
patient presented with 7 months of lung, skin, and
muscle symptoms. Computed tomography revealed
interstitial lung disease, clinical examination
showed mechanic’s hands, and ASS was confirmed
by presence of anti-PL12. ECG and ECHO were
normal; however, CMR showed small pericardial
effusion and global myocardial edema. Endomyo-
cardial biopsy confirmed inflammation. CMR was
repeated after 2 months on steroid therapy and was
returned to normal.
Heart function

Myocarditis has been proposed as one of the possible
mechanisms causing systolic heart failure with
reduced ejection fraction in IIM whereas fibrosis
and stiffness of the left ventricle because of the
underlying inflammatory process could lead to
heart failure with preserved ejection fraction – dia-
stolic heart failure.

We recently showed normal left ventricular sys-
tolic heart function but left ventricular diastolic
dysfunction in a cohort of patients with polymyosi-
tis or dermatomyositis [7

&

]. In a cross-sectional
study, 76 patients with polymyositis/dermatomyo-
sitis and 48 age and sex matched healthy controls
were assessed by ECHO in addition to a number of
other noninvasive cardiac measurements. Diastolic
dysfunction was associated with increasing age, as
known from the general population. However, the
occurrence of diastolic dysfunction was more pro-
nounced in the patient group compared to the
controls. The diastolic dysfunction was correlated
Health, Inc. All rights reserved.
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to high cardiac tracer uptake on scintigraphy, the
latter supporting the notion of myocardial inflam-
mation as the underlying pathology. Furthermore,
cardiac dysfunction was associated with the pres-
ence of myositis-specific and myositis-associated
autoantibodies, although a relationship to a specific
autoantibody was not observed, probably because of
low number of patients with each autoantibody
specificity. Previously, anti-SRP has been linked to
cardiac involvement in a small cohort of patients
with anti-SRP positive IIM [8]. These findings have
not been confirmed in larger cohort studies and
Picard et al. [9] retrospectively observed myocarditis
in only two patients from a cohort of 36 patients
with anti-SRP positive IIM (8%).

In the general population, manifest diastolic
dysfunction is associated with an increased mortal-
ity and decrease quality of life, but the specific
effects in IIM are yet to be examined. Berntsen
et al. [10] found reduced submaximal exercise capac-
ity in patients with juvenile dermatomyositis (JDM).
The same patient group has previously been shown
to have reduced, but subclinical, systolic and dia-
stolic dysfunction. However, the authors opined
that the reduction in exercise capacity was due to
skeletal muscle and lung dysfunction and not with
the cardiac findings.
Arrhythmia and conduction disturbances

Rhythm and conduction abnormalities are the
most frequently reported cardiac abnormalities in
patients with IIM probably in part due to high ECG
availability, portability and low cost. The abnormal
findings include atrial and ventricular arrhythmias,
atrial and ventricular premature beats, nonspecific
ST-T wave changes, conduction abnormalities such
as right and left bundle branch blocks, fascicular
blocks and atrioventricular blocks.

Baek et al. [11
&

] retrospectively investigated the
prevalence and clinical outcome of atrial fibrillation
in 20 772 patients with various autoimmune rheu-
matic diseases (ARD), including 317 patients with
IIM. Atrial fibrillation was observed in 235 (1.1%) of
the patients with ARD overall. The atrial fibrillation
prevalence was higher in IIM patients (3.5%)
compared to those with other rheumatic diseases
(P<0.05) and in the adjusted model the HR for
development of atrial fibrillation was 3.29 (95%
CI, 1.94–5.58; P<0.001) in IIM. As in the general
population, patients with ARD (including those
with IIM) with atrial fibrillation had a higher all-
cause death and stroke event rate compared to
patients with ARD without atrial fibrillation.

Deveza et al. [12] compared ECG of 112 patients
with polymyositis or dermatomyositis with 86
 Copyright © 2017 Wolters Kluwe
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controls without rheumatic diseases. All partici-
pants had no history of heart disease. They found
similar ECG abnormalities between the two groups,
except a higher frequency of left ventricular hyper-
trophy in the patient group compared to the con-
trols (10.7 vs. 1.2%, P¼0.008). The specific ECG
changes indicating ventricular hypertrophy were
not described. No further analysis of the ECG
changes and potential associations with demo-
graphic, clinical data, or comorbidities was made.

Our group investigated ECG changes in the pre-
viously mentioned cross-sectional study on patients
with polymyositis/dermatomyositis compared to
controls [7

&

]. Using international standard criteria
for ECG interpretation, we found that patients had
longer median QTc intervals, which is an indepen-
dent risk factor of ventricular arrhythmias and sud-
den death in the general population. One patient had
formerly unrecognized ventricular arrhythmia com-
bined with decreased systolic function. A b-blocker
was prescribed leading to resolution of the distur-
bance and normalization of systolic function.

Heart rate variability (HRV) gives information
on variability in time between the QRS complexes
and is analysed from Holter ECG monitoring. HRV
is reported to reflect the autonomic nervous control
of the heart rhythm, although the clinical signifi-
cance is controversial. Barth et al. [13] investigated
HRV in 55 patients with JDM compared with
matched controls. Patients with JDM had reduced
HRV, which was associated with elevated inflam-
matory markers, active disease and reduced systolic
and diastolic function. These findings suggest
reduced vagal control of the heart in the patients
with JDM. Associations to cardiac morbidity and
mortality still need to be determined, as acknowl-
edged by the authors.
Pulmonary arterial hypertension

Pulmonary hypertension is a potentially life-threat-
ening disorder, which might lead to death through
right ventricular failure. ECHO is currently the most
effective screening tool for pulmonary hyperten-
sion. Pulmonary arterial hypertension (PAH) is a
subgroup of pulmonary hypertension associated
with connective tissue disorders and is diagnosed
by right-heart catheterization. PAH associated with
IIM is rare but exists. Sanges et al. [14] looked into
PAH in IIM by retrieving all cases of IIM-PH (n¼34)
from the French Pulmonary Hypertension Registry
(n¼5223) of which three had IIM-PAH. These three
cases were pooled with six cases previously reported
and compared with 35 patients with IIM without
PAH. IIM-PAH seemed associated with dermatomy-
ositis and anti-Sjögren’s-syndrome-related antigen
r Health, Inc. All rights reserved.
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Table 2. Multivariable analysis of the risk of VTE, DVT, and pulmonary embolism in individuals with polymyositis/

dermatomyositis

Polymyositis,
n¼443

Non-polymyositis,
n¼4603

Dermatomyositis,
n¼355

Non-dermatomyositis,
n¼3577

VTE

Multivariable HR (95% CI) 7.0 (3.34–14.64) 1.0 8.39 (3.04–23.14) 1.0

DVT

Multivariable HR (95% CI) 6.16 (2.07–18.35) 1.0 9.40 (2.88–30.68) 1.0

Pulmonary embolism

Multivariable HR (95% CI) 7.23 (2.86–18.29) 1.0 4.70 (0.85–25.98) 1.0

DVT, deep vein thrombosis; VTE, venous thromboembolism.

Myositis and myopathies
A positivity, but the findings should be interpreted
with caution due to the low number of patients.
Venous thromboembolism

Venous thromboembolism (VTE) includes deep
venous thrombosis (DVT) and pulmonary embo-
lism. Although an increased risk of VTE has been
shown in other connective tissue diseases, includ-
ing systemic sclerosis and systemic lupus erythe-
matosus, data on VTE are scarce in patients with
IIM. Carruthers et al. [15

&&

] investigated the risk
of VTE, DVT, and pulmonary embolism in IIM.
They assembled a retrospective cohort of all
patients with incident PM/DM (n¼752) in British
Colombia and a corresponding comparison cohort
of matched individuals from the general popula-
tion (n¼8180). Both polymyositis and dermato-
myositis were associated with increased risk of VTE
compared to controls; the incidence rate per 1000
person-years for VTE in polymyositis and derma-
tomyositis was 16.49 and 12.42, respectively. After
adjustment for relevant risk factors, the corre-
sponding multivariate HRs (95% CI) for develop-
ment of VTE in polymyositis and dermatomyositis
were 7.0 (3.34–14.6) and 8.39 (3.04–23.14), respec-
tively (Table 2) [15

&&

].
CONCLUSION

In summary, the recent literature on cardiovascular
involvement has yielded important information
on an increased risk of myocardial infraction and
VTE – including deep venous thrombosis and pul-
monary embolism – in adults with polymyositis or
dermatomyositis compared to the general popula-
tion. This applies particularly within the initial
year of diagnosis, which calls for vigilance in car-
diovascular monitoring especially in newly diag-
nosed patients with IIM. In addition, subclinical
cardiac involvement is pronounced in long-term
 Copyright © 2017 Wolters Kluwer 
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IIM with affection of the heart function and
rhythm and conduction abnormalities. However,
the impact of these subclinical cardiac findings on
morbidity and mortality in IIM still needs to be
determined. In addition, the potential cardio-pre-
dictive role of autoantibodies is unclarified and
there is an unmet need to identify biomarkers
for cardiac involvement in IIM. Therefore, longi-
tudinal follow-up of these rare diseases including
organ-specific outcome is needed internationally
using standardized outcome measures. The Euro-
Myositis Registry (https://euromyositis.eu) may be
used to facilitate this.
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 CURRENT
OPINION Immune-mediated necrotizing myopathy associated

with statins: history and recent developments

Eleni Tiniakou and Lisa Christopher-Stine

Purpose of review

The use of statins has increased exponentially over the last 2 decades. Consequently, side effects have also
increased, with muscle-related side effects commonly reported.

Recent findings

Although once thought to be only associated with self-limited direct myotoxicity, statins have recently been
described in association with an autoimmune myopathy in association with antibodies directed against
3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR), the rate limiting enzyme in cholesterol synthesis and
the pharmacologic target of statins. Since this discovery, various cohorts have been identified worldwide
and highlight both similarities and differences among them.

Summary

Recent studies from different fields have revealed diverse aspects of anti-HMGCR-associated immune-
mediated necrotizing myopathy (IMNM). HMGCR IMNM is a unique autoimmune disease characterized
by a well defined environmental trigger (statins) and a strong association with a genetic risk factor (Human
leukocyte antigen D related B 1�11 : 01). New diagnostic modalities have been established to confirm the
presence of anti-HMGCR antibody and confirm the diagnosis of HMGCR IMNM. Clinical studies have
shown that disease severity, as measured by muscle strength, as well as the rate of response to treatment
have been associated with age at disease onset. Furthermore, a case series supported that intravenous
immunoglobulin administration, perhaps even as monotherapy, may be a beneficial therapeutic
intervention for selected patients.

Keywords

anti-3-hydroxy-3-methylglutaryl-CoA reductase, myopathy, stains, statin myopathy, statin toxicity

INTRODUCTION

The idiopathic inflammatory myopathies (IIMs) are
a diverse group of autoimmune disorders affecting
mainly the skeletal muscles. Typically, patients with
IIM experience progressively worsening proximal
muscle weakness, and present with elevated muscle
enzymes, distinctive electromyography (EMG) ab-
normalities, characteristic muscle biopsy findings
and myositis-specific antibodies. Since 1975, many
classification criteria for diagnosis of IIM have been
proposed, but the Bohan and Peter [1,2] criteria still
remain the most commonly used in clinical practice
and research. Nevertheless, emerging data, includ-
ing the identification of novel myositis-specific anti-
bodies [3], advancement in immunopathologic
fields and new insights into the immune-mediated
mechanisms involved in the autoimmune process-
es, emphasize the need to introduce new classifica-
tion criteria for this heterogeneous group of
autoimmune muscle diseases.

In 2004, the Muscle Study Group/European
Neuro Muscular Centre (ENMC) classified the IIMs,
based predominately on muscle biopsy features,
into polymyositis, dermatomyositis, inclusion body
myositis, nonspecific myositis and immune-medi-
ated necrotizing myopathy (IMNM) [4]. IMNM was
defined by the presence of muscle cell necrosis and
degeneration along with a lack of significant inflam-
matory infiltrates (Table 1). The ENMC criteria in-
troduced a new comprehensive list of exclusion
criteria, such as indications of muscular dystrophy
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KEY POINTS

� Anti-HMGCR-associated IMNM. HMGCR IMNM is a
distinct autoimmune muscle disease characterized by a
well defined environmental trigger (statins) and a strong
genetic association (HLA DRB1�11 : 01).

� New diagnostic modalities have been developed to
confirm the presence of anti-HMGCR antibody and
establish the diagnosis of HMGCR IMNM. Some are
now commercially available.

� Whether anti-HMGCR antibodies play a pathogenic
role in the disease process is still unclear.

� Disease severity, as measured by muscle strength, as
well as the rate of response to treatment have been
associated with age at disease onset.

� There are no guidelines for therapy; however, at least
some small studies suggest that intravenous
immunoglobulin may be beneficial, even
as monotherapy.

Immune-mediated necrotizing myopathy associated with statins Tiniakou and Christopher-Stine
or perifascicular atrophy, to better differentiate and
subclassify patients with this type of myositis. In this
review, we intend to summarize and present the
recent data regarding the clinical picture, immuno-
pathology and therapeutic options in the field of the
statin-associated IMNM.
STATINS

In early 1970s, clinical studies were starting to con-
vey the contribution of cholesterol to atherosclero-
sis and, therefore, led to the need of new drug
development. In 1976, Japanese biochemist Akira
Endo was able to isolate three compounds from
the fungus species Penicillium citrinum, which were
able to impede cholesterol synthesis in a mouse
liver enzyme system by blocking the 3-hydroxy-3-
methylglutaryl-CoA reductase (HMGCR) enzyme
[5]. Two years later, the first medication in its class
of statins, Mevacor (Lovastatin; Merck, Rockville,
MD, USA), was marketed, which was isolated from
Aspergillus terreus. As of today, seven different statins
are available in the US market, and they have proved
to be some of the most widely used and profitable
medications in recent years.

The use of statins has increased exponentially
over the last 2 decades. In 2013, the American
College of Cardiology and the American Heart
Association published new guidelines for the man-
agement of cholesterol [6] based on elevated LDL
cholesterol level, the presence of diabetes or the
predicted risk of a cardiovascular event. When these
guidelines are used to estimate the number of
 Copyright © 2017 Wolters Kluwe
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persons in the United States who would be eligible
for statin therapy, the number reaches 56 million
Americans between the ages of 40 and 75 years [7],
accounting for almost one-fifth of the population.
Particularly amongst adults between 60 and 75 years,
87.4% of men and 53.6% of women are now advised
to be on cholesterol-lowering medications. Conse-
quently, we expect to see a substantial increase in
the consumption of statins and their side effects
thereof.
STATIN TOXICITY

At least half of the documented statin-associated
side effects are related to muscle complaints [8,9].
Various studies have reported that 7–29% of people
on statins can develop nonspecific myalgias and
weakness [10,11]. As defined by the European
Atherosclerosis Consensus Panel, the spectrum of
muscle-related events includes a broad range of
manifestations, encompassing asymptomatic eleva-
tion of creatine kinase, myalgias, rhabdomyolysis,
up to myositis or myopathy [12].

There have been many attempts to explain the
multitude of myotoxic effects of statins. Inhibition
of HMGCR not only decreases the synthesis of
cholesterol, which is essential for the maintenance
of the cell membrane, but can also have effects on
other metabolic pathways, like Coenzyme Q10 pro-
duction and mitochondrial function. Other theories
evoked include also individual variations in hepatic
uptake of drugs, deficiencies in cell membrane re-
pair or impaired sarcoplasmic reticulum calcium
cycling [13,14].
PROTOTYPIC PATIENT

A 59-year-old woman, with history of longstanding
diabetes, hypertension and hypercholesterolemia,
was started on high-intensity statin (atorvastatin
80 mg) in fashion with the appropriate guidelines.
A month later, she noticed that she required help
to get out of the car and progressively could not
even get up from a chair. When her creatine phos-
phokinase was checked 8 months later, it was
above 17 000. She was diagnosed with statin-
induced rhabdomyolysis, and the presumed offend-
er was stopped. Six months later, she continued
to complain of muscle weakness. Her EMG was
consistent with irritable myopathy, and her muscle
biopsy showed necrotizing myopathy with lack of
inflammatory infiltrate. Examples like the afore-
mentioned patient, although rare, cultivated
the impression that statins were potentially associ-
ated with the development of autoimmune muscle
disease.
r Health, Inc. All rights reserved.
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Immune-mediated necrotizing myopathy associated with statins Tiniakou and Christopher-Stine
ANTI-3-HYDROXY-3-METHYLGLUTARYL-
COA REDUCTASE AUTOANTIBODY

The muscle-related adverse effects of statins usually
resolve within weeks to months after cessation of
statins, as they are thought to be due to a nonin-
flammatory, toxic effect [15]. However, some
patients would develop persistent myositis and
eventually meet the diagnosis of polymyositis, as
per Bohan and Peter criteria [16,17]. In the late
2000s, the hypothesis of statins triggering an auto-
immune reaction was emerging, quite revolutionary
in the concept that a medication can lead to a pure
autoimmune development [18].

Still, it was not until 2010, when a new antibody
targeted against HMGCR, the pharmacologic target
of statins, was described and was able to explain the
persistent muscle symptoms [19]. Out of 454
patients of the Johns Hopkins Cohort who were
screened, 26 patients were found to have predomi-
nant necrosis on muscle biopsy and no known
antibody. Sixteen of those were able to immunopre-
cipitate 200/100 kDa proteins when their sera were
assessed using HeLa lysates. These patients had
proximal muscle weakness, muscle edema on MRI,
irritable myopathy on EMG and elevated creatine
kinase levels (mean 10 333 IU/l; range 3052–24 714).
When the clinical characteristics of these patients
were analyzed, it was detected that 83.3% of those
above the age of 50 years old were on a statin,
compared with 25% in dermatomyositis and
36.8% in polymyositis. That observation led to fur-
ther investigation of a potential relationship be-
tween drug exposure and this newly found
autoantibody. Initially, it was established that sta-
tins were able to upregulate the expression of the
200/100-kDa autoantigen in muscle fiber cultures
[20]. That could mean that the target autoantigen
could be any of the 19 enzymes involved in the
mevalonate pathway. As HMGCR is a 97-kDa pro-
tein, it stood to reason that it would be the first one
to screen. Indeed, the recognition that the novel
autoantibody recognized the HMGCR, led to the
formation of a new subgroup of IIM known as
anti-HMGCR associated IMNM. The 200-kDa pro-
tein has not been identified to date but thought to
potentially be a dimer.

To test the diagnostic utility of this new anti-
body, 1966 participants of a community-based Ath-
erosclerosis Risk in Communities Study and 98
French Canadian patients with familial hypercho-
lesterolemia were screened for the presence of anti-
HMGCR antibodies. None of those patients were
found to be positive for these autoantibodies, al-
though a significant portion of those were exposed
to a statin. Therefore, anti-HMGCR could be used as
 Copyright © 2017 Wolters Kluwe

1040-8711 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
a discriminating factor between self-resolved toxic
myopathy and IMNM, which requires immunosup-
pressive treatment [21]. This was also verified at a
consequent study amongst 101 patients with severe
self-limited statin intolerance and proved that self-
limiting symptoms are not associated with autoan-
tibody formation [22]. In addition, when 47 patients
with an inherited muscle disease were screened,
none of those were found to be positive for anti-
HMGCR, suggesting once again that these antibod-
ies are highly specific [23]. Contrariwise, when eight
refractory patients had whole exome sequencing of
their DNA, no pathogenic mutations in dystrophy
genes were discovered [24

&

].
IMMUNOFLUORESCENCE PATTERN

The commonly used diagnostic method for anti-
HMGCR antibodies has been an ELISA, which sen-
sitivity has been verified when compared with the
gold standard procedure of immunoprecipitation
assay. A new screening method based on immuno-
fluorescence pattern has recently been suggested, in
which the antibodies create a centrolobular distri-
bution amongst stained rat hepatocytes [25

&

]. This
observed pattern was unique for anti-HMGCR anti-
bodies and can be used as an initial screening test, as
it is relatively inexpensive.
MUSCLE BIOPSY FINDINGS

As mentioned previously, the anti-HMGCR autoan-
tibody was discovered on the basis of observations
based on patients with IMNM. All consecutive
patients of the Johns Hopkins Cohort were screened
for anti-HMGCR, and muscle biopsies from 18
patients were available for review [26]. The majority
of those patients were exposed to statins (16/18 or
88.9%). The data confirmed the predominance
of myofiber degeneration and infiltrating macro-
phages of the M2 phenotype, known to contribute
to muscle regeneration and repair. Major histocom-
patibility complex class I was found to be upregu-
lated in the majority of the biopsies, consistent with
IIM. However, 20–30% of them had also collections
of inflammatory cells, 50% of which were identified
as scattered T cells (CD4þ and CD8þ). The above
results were also confirmed at a European and an-
other US cohort, with the only difference that the
exposure to statins was significantly lower [27,28].

Given the rarity of infiltrating T cells, the pres-
ence of membrane attack complex depositions on
nonnecrotic muscle fibers and association of anti-
body titers with disease severity, the authors hy-
pothesized on the interaction of autoantibodies
and complement cascade as the main pathogenetic
r Health, Inc. All rights reserved.
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pathway for anti-HMGCR IMNM [26]. Concurring
to the idea aforementioned, culture of muscle fibers
with anti-HMGCR antibodies in an in-vitro system
induced muscle fiber atrophy and decreased myo-
fiber fusion [29

&&

]. The above outcome implicates
the autoantibodies as being pathogenic, rather than
an epiphenomenon of an autoimmune process.
However, further studies need to be conducted to
confirm the results in vivo as well.
CLINICAL CHARACTERISTICS/STATIN
EXPOSURE

The typical clinical picture of anti-HMGCR IMNM
involves a patient with proximal muscle weakness
and significantly elevated creatine kinase levels.
Although proximal muscle weakness is commonly
uniform between the patients with anti-HMGCRþ
IMNM, extramuscular manifestations are relatively
rare. These can include dysphagia, skin or lung
involvement [19,24

&

,27,30,31].
However, there are differences depending on the

origin of the described cohort. Many anti-HMGCR
myositis cohorts have been reported worldwide
(Table 2). The Johns Hopkins cohort reported mean
age of patients 55 years (52.4–57.6), with female
(59%) and white (72%) predominance, and elevated
creatine kinase of 2812 IU/l (1399–6821 IU/l). The
majority of those had a prior history of statin expo-
sure (75%) [24

&

]. In juxtaposition, a cohort from
central United States described anti-HMGCR IMNM
in patients with mean age 50 years old, 67% women,
76% whites and only 38% reported use of statins
(18/47) [28]. In a study from Australia, the mean age
of the typical patient was 70 years old (55–89 years),
male (61%) and 84% exposed to statins (16 out of
19) [32]. When assessing a single-center cohort from
the Czech Republic, 36% of them were men, mean
age of 55 years old, and all of them admitted use of
statins (15 out of 15, 100%) [33]. Similarly, eight
patients were described in New Zealand with mean
age 67.8 years and 75% exposure to statins [34]. At
the same time, France, China and Japan docu-
mented to have a much lower statin exposure.
The French Myositis Network reported 45 anti-
HMGCRþ patients, of whom 73% were women,
with a mean age of 48.9, and only in 44%, there
was an association with statins [27]. The study from
China identified only 15% prevalence of statin ex-
posure in anti-HMGCR positive patients. However,
only five out of the 22 patients were over the age of
50 years old [30]. In Japan, the mean age of anti-
HMGCRþ patients was 56.4 and only 18% (eight out
of 48) had ever been on a statin [31].

Lastly, collaborative work comprising nine dif-
ferent countries, including China and France,
 Copyright © 2017 Wolters Kluwer 
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reported a mean age of 62.5 (58.0–67.0) with a
statistically significant ratio of increased statin users
amongst the patients with anti-HMGCR myopathy
(52 out of 91) [39

&

]. The difference in statin exposure
is probably associated with the mean age of the
relevant cohort, as statin prevalence is associated
with increasing age.
GENETIC RISK FACTORS

HMGCR INMN is additionally unique, as it has one
of the strongest associations between an immuno-
genetic risk factor and autoimmune disease. The
class II human leukocyte antigen (HLA) allele D
related B (DRB)1�11 : 01 has an odds ratio (OR) of
24.5 in whites and 56.5 in blacks [44]. The above
finding has been verified in different cohorts from
Australia and Japan as well [32,45]. Interestingly
enough, a recent study based on a pediatric cohort
from the United States showed an association with
DRB1�07 : 01 [41

&

]. That implies that there is proba-
bly a different mechanism causing autoimmunity
between children and adults that does not involve
statin exposure and most likely involve different
epitope recognition.
TITERS AND STRENGTH AND AGE

At an initial study in 2012, the titer of anti-HMGCR
antibodies was associated with creatine kinase and
inversely correlated with muscle strength but only
for statin exposed patients. Although autoantibody
titers and creatine kinase levels decreased over time
with treatment in statin exposed patients, on the
other hand, statin naı̈ve patients were quite resis-
tant, implying reasonably a different pathogenetic
process [35]. However, a follow-up analysis of the
same cohort showed that a history of statin expo-
sure was not independently associated with the
severity and the improvement rate, as measured
by increase in muscle strength. Instead, age at dis-
ease onset associated with severity; interestingly
and somewhat counterintuitively, patients who
were older at disease onset were usually stronger
and were found to improve faster than younger
patients [24

&

].
DIABETES

Type 2 diabetes mellitus has been associated with
anti-HMGCR myopathy at the Johns Hopkins
cohort (OR: 15.6, P¼0.006) [46

&

], although this
relationship was not maintained in the Australian
cohort, when controlling for sex and statin
use [32].
Health, Inc. All rights reserved.
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Myositis and myopathies
CANCER

The association between inflammatory myopathy
and cancer was initially described at the beginning
of the twentieth century and has since been estab-
lished in different cohorts [47]. Similarly, an associ-
ation was investigated by Limaye et al. [32] but was
not statistically significant. However, in the French
cohort, anti-HMGCR-positive myositis patients
were indeed found to have a modestly increased
risk of malignancy (17.3%), with a mean age at
the age of diagnosis of cancer of 67�15 years,
whereas the mean age at the diagnosis of myopathy
was 50�22 years [40

&

]. That implies that the older
the patient develops myopathy, the more likely it is
to be diagnosed with myositis associated malignan-
cy. Comparably, 36% of anti-HMGCRþ Japanese
patients were identified to have synchronous cancer
(92% within 1 year of the myositis diagnosis) and
33% of them had history of statins (four out of 12)
[38

&

]. The authors concluded that malignancy
itself could be a trigger, rather than exclusively
the statin, which could lead to the development
of HMGCRþ myopathy. At the opposite end of
the spectrum, no association with malignancy was
found at the Johns Hopkins cohort, which com-
prises patients of older age and with a higher preva-
lence of statin use [24

&

].
THERAPY

Self-limited statin-induced toxic myopathy general-
ly resolves within few weeks to months after cessa-
tion of the medication. In the case of anti-HMGCR
IMNM, however, statins are thought to trigger a
perpetual autoimmune process. On rare occasions,
patients have been reported to improve without the
use of immunosuppression [24

&

,27], but the majori-
ty of anti-HMGCR-positive patients require inten-
sive treatment for control of their disease. Previous
reports have indicated that patients often require at
least two agents for remission of the disease, as
established by improvement of the muscle strength
[24

&

,27,31], but one case series suggested that intra-
venous immunoglobulin (IVIG) monotherapy
could be adequate for a specific subset of patients
[48]. Given the recent association of severity of
disease with age at disease onset [24

&

], we would
suggest tailoring the intensity of the treatment to
the age of the patient.
CONCLUSION

Recent studies from different fields have revealed
diverse aspects of the anti-HMGCR associated
IMNM. HMGCR IMNM is a unique autoimmune
 Copyright © 2017 Wolters Kluwer 
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disease characterized by a well defined environmen-
tal trigger (statins) and a strong association with a
genetic risk factor (HLA DRB1�11 : 01). New diagnos-
tic modalities have been developed to confirm the
presence of anti-HMGCR antibody and establish the
diagnosis of HMGCR IMNM. Whether anti-HMGCR
antibodies play a pathogenic role in the disease
process remains to be addressed. Clinical studies
have shown that disease severity, as measured by
muscle strength, as well as the rate of response to
treatment have been associated with age at disease
onset. Furthermore, a case series supported that
IVIG administration may be a beneficial therapeutic
intervention for selected patients.

Given the rarity of the disease, multicenter stud-
ies are required to recruit sufficient number of
patients to study the clinical spectrum of the dis-
ease, to understand the immunopathologic mecha-
nisms involved in disease pathogenesis, and to test
additional therapeutic choices. The discovery of key
molecular and biological pathways involved in the
disease process could offer the opportunity to iden-
tify potential diagnostic and prognostic biomarkers
and thus lead to innovative therapeutic targets.
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 CURRENT
OPINION Clinical spectrum of anti-Jo-1-associated disease

Sara Monti, Carlomaurizio Montecucco, and Lorenzo Cavagna

Purpose of review

To provide the most recent evidence on anti-Jo-1 syndrome.

Recent findings

Several new evidences on anti-Jo-1 syndrome have recently emerged. It has been clearly established that,
at disease onset, the classic clinical triad (arthritis, myositis and interstitial lung disease – ILD) is only rarely
observed. Indeed, disease onset with an isolated arthritis is common. Patients presenting with an isolated
manifestation are at high risk for the subsequent occurrence of initially lacking triad findings. Moreover, the
ex-novo occurrence of accompanying features such as Raynaud’s phenomenon, mechanic’s hands and
fever during follow-up is a strong risk factor for the occurrence of overt antisynthetase syndrome (ASSD)
with further triad manifestations. Several contributions on ILD involvement and prognosis have been
published, as well as the distinctive muscle MRI characteristics compared with healthy controls, and a novel
definition of a rare skin manifestation (hiker’s feet).

Summary

Recent evidence has shed a light on the need for a better understanding of the clinical course, imaging
modalities and prognosis of anti-Jo-1 syndrome, providing some relevant elements to allow early diagnosis
of this often unrecognized disease.

Keywords

anti-Jo-1 syndrome, antisynthetase syndrome, arthritis, interstitial lung disease, myositis

INTRODUCTION

Increasing interest has been recently directed to-
ward a better understanding of antisynthetase syn-
drome (ASSD) and, particularly, of anti-Jo-1-positive
patients. Anti-Jo-1-associated disease represents the
most common form of ASSD, a connective tissue
disease included in the spectrum of idiopathic in-
flammatory myopathies (IIMs), characterized by the
presence of antiaminoacyl-tRNA synthetase (ARS)
antibodies and leading to systemic, multiorgan clin-
ical manifestations, not limited to muscle involve-
ment. Very large multicentric cohorts have been
developed [1,2

&&

,3
&&

,4
&

,5
&&

,6
&&

,7
&

], allowing to focus
on clinical and laboratory aspects of anti-Jo-1 syn-
drome, leading to the identification of previously
unrecognized aspects.

The aim of this review is to provide the most
relevant evidences regarding anti-Jo-1 syndrome
published in 2016 and 2017.

CLINICAL SPECTRUM TIME-COURSE OF
ANTI-JO-1 SYNDROME

Anti-Jo-1 syndrome is typically associated with the
classical clinical triad: arthritis, myositis and inter-
stitial lung disease (ILD), reported in up to 90% of

cases [1]. Raynaud’s phenomenon, mechanic’s
hands and fever are other typical, but less common-
ly observed, features defined as ‘accompanying find-
ings’ for practical purposes. Nevertheless, a relevant
proportion of patients do not present with the com-
plete triad, but experience an ‘incomplete’ disease
pattern [1,2

&&

,3
&&

]. This often represents the main
reason for unrecognized or delayed diagnosis. In
2015, the American, European NEtwork of Antisyn-
thetase Syndrome (AENEAS) collaborative group
demonstrated that patients with anti-Jo-1 syndrome
presenting with an incomplete disease experience a
significant trend toward the ex-novo occurrence of
classical triad findings during follow-up, particular-
ly when disease onset is characterized by a single
triad manifestation [1]. Similar results have been
confirmed in 2016 by another study performed on
a large series of anti-Jo-1-positive Spanish patients
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KEY POINTS

� At disease onset, anti-Jo-1 syndrome often presents with
isolated symptoms or incomplete clinical forms that
require a high level of suspicion at a multidisciplinary
level to ensure prompt recognition, even when different
diagnoses may seem likely.

� The occurrence of accompanying features (mechanic’s
hands, Raynaud’s phenomenon and fever) carries a
four-fold risk of development of classical clinical triad
(arthritis, myositis and ILD).

� Anti-Ro antibodies, mainly anti-Ro52 kDa, are detected
in about 50% of anti-Jo-1-positive patients, whereas
cytoplasmic positivity of antinuclear antibody test is a
strong clue for an underlying ASSD.

� Promising evidence is emerging on the role of anti-Jo-1
antibodies titers as a useful monitoring tool for the
evaluation of lung and muscle treatment response.

� There is an increased need to develop shared and
internationally recognized ASSD classification criteria.

Clinical spectrum of anti-Jo-1-associated disease Monti et al.
[2
&&

]. The multicenter Spanish IIM and Autoimmune
Diseases Study Group investigated the clinical man-
ifestations and long-term outcome of 148 patients
affected by anti-Jo-1 syndrome. The majority of
patients presented with an incomplete form: isolat-
ed ILD 47 (32.4%) patients, isolated myositis 39
(26.9%) patients and isolated polyarthritis 26
(17.9%) patients. Only a minority had a stable dis-
ease at the end of follow-up with isolated ILD still
reported in 21 (14.5%) of patients, isolated myositis
in 23 (15.9%) and isolated polyarthritis in three
(2.1%) patients. Median follow-up was 78.3 months,
estimated survival rates were 87.7% at 5 years and
75.4% at 10 years, with a four-fold higher mortality
rate compared with the general population, mainly
due to pulmonary complications and cancer.

It has also been shown that anti-Jo-1-positive
patients, without a complete triad, but with ex-novo
occurrence of accompanying features during follow-
up (e.g. Raynaud’s phenomenon, fever or mechan-
ic’s hands) have nearly a four-fold increased risk of
short-time classic triad occurrence and should be
carefully monitored for this possibility [6

&&

]. Of no-
tice, disease progression often occurs despite immu-
nosuppressive treatment. An overview of the most
recent evidence on the evolving spectrum of ASSD is
presented in Table 1.
UPDATES ON PULMONARY INVOLVEMENT
IN ANTI-JO-1 SYNDROME

Waseda et al. [8] cross-sectionally analyzed pulmonary
high-resolution computed tomography findings in 64
 Copyright © 2017 Wolters Kluwe
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patients with ARS-associated ILD, of whom 16 (25%)
were positive for anti-Jo-1 antibodies. Ground-glass
attenuation was the most commonly observed lesion
(98.4% of patients), followed by interlobular septal
thickening (76.6%), reticulation (67.2%) and air space
consolidation (48.4%), whereas honeycombing was a
rare finding (3.1%). A nonspecific interstitial pneumo-
nia (NSIP) pattern was reported in 55% of cases, orga-
nizing pneumonia, with or without fibrosis, in 41% of
cases, whereas only one patient had evidence of usual
interstitial pneumonia (UIP). Significantly, the major-
ity of patients were diagnosed with idiopathic pulmo-
nary fibrosis (IPF) and a diagnosis of ASSD was not
recognized in any of the assessed cases. However,
given the pneumological setting of patients described
by Waseda et al., a referral bias between pulmonary
and rheumatologic centers should be considered
when interpreting these results. The higher frequency
of ASSD-associated NSIP pattern, followed by organiz-
ing pneumonia has been confirmed in another large
cohort of anti-Jo-1-positive patients described by
Zamora et al. [9]. The 10-year survival rate of patients
with ILD in this cohort was particularly high (68%),
thus suggesting that ARS-associated ILD, especially if
related to anti-Jo-1 antibodies, has a better prognosis
compared with other lung fibrosing conditions.
Aggarwal et al. [10

&

] showed that patients with
IIMs–UIP, including those with anti-Jo-1 antibodies,
had a better cumulative and event-free pulmonary
survival time compared with their idiopathic counter-
parts (5.25/1.8 years versus 16.2/10.8 years). Similarly,
Tanizawa et al. [11

&

] confirmed a better prognosis of
ARS-ILD compared with IPF on a large cohort of
patients (36 anti-Jo-1, 100 IIP and seven NSIP negative
for ARS). On the other hand, no significant survival
differences were observed between ARS-positive ILD
and ARS-negative NSIP (log-rank test, P¼0.59).

Nevertheless, some negative prognostic factors
have been recently identified in ASSD. Black American
ethnicity has been described as an independent prog-
nostic factor associated with increased lung involve-
ment severity [4

&

], whereas male sex and reduced
diffusion capacity of the lung for carbon monoxide
at ILD presentation with reduced survival [9].

From a therapeutic point of view, Bauhammer
et al. [12

&&

] confirmed the effectiveness of rituximab
in anti-Jo-1 syndrome patients with refractory ILD,
in particular in cases of concomitant high titers of
anti-Ro52-kDa antibodies.
UPDATES ON MYOSITIS IN ANTI-JO-1
SYNDROME

In 2017, Andersson et al. [13
&&

] published a cross-
sectional muscle MRI analysis including 68 ASSD
patients (men/women: 23/45, of whom 57 were
r Health, Inc. All rights reserved.
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Clinical spectrum of anti-Jo-1-associated disease Monti et al.
positive for anti-Jo-1 antibodies) and 67 matched
controls. In ASSD patients, thigh muscle MRI
changes were more frequently detected in the pos-
terior compartment, followed by the anterior and
medial compartments, with muscle edema and fatty
replacement, respectively, predominant in the an-
terior and in the posterior compartments. Further-
more, the extent of total muscle edema on MRI
correlated with creatine kinase levels and with an-
ti-Ro52 kDa positivity, but not with muscle strength
and endurance, which conversely correlated with
MRI damage extent, indicated by the degree of fatty
replacement and muscle volume reduction.

Even if the results of this study are interesting,
the important issue of the lack of a clear definition of
normal muscle volumes was raised, making muscle
atrophy often difficult to assess as possibly influ-
enced by sex, age and physical activity. Finally,
muscle MRI alterations such as edema, damage, fatty
replacement and volume reduction were also ob-
served in healthy controls, even if in a milder form,
and with very rare concomitant signs of muscle
edema and damage. Further prospective studies will
be useful to clarify the progression of MRI signs of
disease activity and damage; nevertheless, the sig-
nificance and specificity of MRI findings certainly
need to be further addressed.

In a recent detailed review, Meyer et al. [14]
reported on the distinguishing histologic changes
characterized by the presence of perifascicular ne-
crotic fibers expressing both human leukocyte anti-
gen (HLA-I) and HLA-II, and carrying C5b-9
membrane attack complex deposits that may differ-
entiate ASSD from dermatomyositis.

Finally, in a cohort of 28 patients, Aggarwal et al.
[15

&&

] showed that anti-Jo-1 levels decreased after
rituximab treatment and strongly correlated with
myositis core-set measures, such as creatine kinase
levels, the manual muscle test, physician and pa-
tient global disease activity, health assessment ques-
tionnaire and extramuscular disease activity. This
strong association between anti-Jo-1 levels and clin-
ical outcomes supports an innovative role for anti-
Jo-1 autoantibodies as effective biomarkers in the
assessment of ASSD activity and suggests a patho-
genic role of anti-Jo-1 antibodies.
UPDATES ON ARTICULAR INVOLVEMENT
IN ANTI-JO-1 SYNDROME

Arthritis related to ASSD is a relevant issue that has
been analyzed in recent years by the French Club
Rhumatisme et Inflammation [16,17] showing that
anticyclic citrullinated peptide antibodies (ACPA)
positivity is associated with severe and erosive arthri-
tis, and that a seronegative polyarthritis may be the
 Copyright © 2017 Wolters Kluwe
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presenting finding of ASSD, particularly in patients
with concomitant Raynaud’s phenomenon.

The AENEAS collaborative group recently
reported data on 243 anti-Jo-1-positive patients
and demonstrated that isolated arthritis was the
presenting finding of ASSD in 58 cases (24%) [3

&&

].
Differential diagnosis in patients with ASSD arthritis
can be particularly challenging, especially when
polyarticular involvement is associated with rheu-
matoid factor and/or ACPA positivity, possibly with
erosive findings on radiographs. Indeed, in this
cohort, arthritis was polyarticular in 41 cases
(71%), oligoarticular/asymmetrical in 17 (29%),
IgM-rheumatoid factor was positive in 22 out 57
patients (39%) and ACPA in 13 out of 47 cases (28%).
Anti-Ro antibodies were positive in 27 patients
(47%). Significantly, despite having ASSD, all
patients with symmetrical polyarthritis fulfilled
the 1987 revised ACR classification criteria for rheu-
matoid arthritis (RA) [18]. Furthermore, the devel-
opment of classic triad findings lacking at disease
onset was really common, being observed in 49 cases
(91% of cases). Myositis was developed by 38
patients (65.5%), whereas ILD occurred in 48
patients (83%) after a median time from arthritis
onset of 17 and 14 months, respectively. The com-
plete triad was eventually reported in 33 patients
(57%) after a variable period of time, ranging from a
few months to several years. Most patients pro-
gressed despite immunosuppressive treatment, of-
ten having been prescribed for suspected RA. These
findings highlight the need for anti-Jo-1 antibodies
screening in patients presenting with isolated arthri-
tis. This aspect is particularly relevant as some cases
of anti-TNF-alpha-induced anti-Jo-1-positive myosi-
tis or ILD reported in the setting of RA [19] may be
related to the natural history of an unrecognized
ASSD disease rather than to anti-TNF-alpha agents.
UPDATES ON CUTANEOUS INVOLVEMENT
AND OTHER LESS FREQUENTLY
REPORTED MANIFESTATIONS OF ANTI-JO-
1 SYNDROME

Recently, a novel cutaneous finding in IIMs has been
described as ‘hiker’s feet’ [20

&&

], the correspondent
of mechanic’s hands at the level of toes and plantar
surface and traditionally defined as mechanic’s feet.
Although rare (0.4% in a cohort of 2145 patients
with IIMs), and often occurring together with hands
involvement, this manifestation should be kept in
mind, particularly when assessing patients for sus-
pected ASSD. In this cohort, 67% of patients with
hiker’s feet presented with anti-Jo-1 antibodies.

Anecdotal reports over the last 12 months focused
on the potential cardiac involvement due to ASSD in
r Health, Inc. All rights reserved.
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the form of global myocardial edema, only detected
with dedicated magnetic resonance mapping techni-
ques [21]. Finally, Casal-Dominguez et al. [22] ob-
served a decreased pressure of lower esophageal
sphincter and a higher proportion of hypotonic lower
esophageal sphincter in ASSD, including anti-Jo-1-
positive patients, compared with other myositis
patients. On this basis, the authors suggested that
esophageal involvement in ASSD affects smooth mus-
cle of theesophageal body and of the lower esophageal
sphincter, as observed in other connective tissue dis-
eases, namely systemic sclerosis [23].
UPDATE ON LABORATORY TESTS IN
ANTI-JO-1 SYNDROME

Recent evidence regarding diagnostic tools and lab-
oratory tests for ASSD confirmed that in patients with
anti-Jo-1 syndrome presenting with an isolated ar-
thritis, anti-Ro antibodies cooccur in about 50% of
cases [3

&&

]. Another relevant and recently confirmed
concept is that a negative antinuclear antibody
(ANA) test does not exclude a diagnosis of ASSD
considered as a whole, or, more specifically of anti-
Jo-1 syndrome. Aggarwal et al. [5

&&

] tested sera for
ANA and cytoplasmic staining on indirect immuno-
fluorescence on a very large single center cohort of
ASSD (122 anti-Jo-1 and 80 non-anti-Jo-1-positive
patients). ANA test was positive in 50% of cases,
whereas a cytoplasmic positivity was reported in
72%. Indeed, cytoplasmic positivity showed high
sensitivity (72%), specificity (89%), negative predic-
tive value (95%) andaccuracy (86%),butonly modest
positive predictive value (54%) for ARS antibodies,
with a better performance in detecting ASSD com-
pared with ANA positivity.

Therefore, cytoplasmic staining may represent a
useful tool for the early suspicion of ASSD in
clinical practice.
THE RELATIONSHIP BETWEEN
INTERSTITIAL PNEUMONIA WITH
AUTOIMMUNE FEATURES AND ANTI-JO-1
SYNDROME: THE LACK OF SHARED
CLASSIFICATION CRITERIA

Despite the increasing interest observed in recent
years, there has never been a unified effort to develop
data and consensus-driven classification criteria for
ASSD that can be accepted and validated as useful to
clinicians and researchers around the world. This
represents a limit for further advances in terms of
clinical, therapeutic and laboratory research on the
topicofASSD. Sharedand accepted criteriaarepivotal
in the design of future clinical trials and prospective
investigative studies addressing ASSD. Noteworthy,
in such context of general lack of standardization, the
 Copyright © 2017 Wolters Kluwer 
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rheumatology community recently dealt with the
issue of European Respiratory Society/American Tho-
racic Society-endorsed classification criteria for inter-
stitial pneumonia with autoimmune features (IPAF)
[24]. According to these criteria, anti-Jo-1-positive
ILD patients with oligoarthritis, Raynaud’s phenom-
enon and mechanic’s hands can be classified as IPAF
whereas they would most certainly be classified as
ASSD by the majority of rheumatologists. This is not a
secondary issue as ARS-antibody-positive patients are
often first referred to pneumology centers rather than
rheumatology clinics.

Recently, to highlight the potential problems
related to the lack of classification criteria for ASSD,
the AENEAS collaborative demonstrated that 146
(21%) out of the 684 enrolled patients with an
established diagnosis of ASSD formulated in a rheu-
matologic setting would have been classified as IPAF
[7

&

,24]. At the end of follow-up, 85 (58%) patients
would have still been classified as IPAF. The remain-
ing 61 (42%) developed further manifestations that
would have met classification criteria for diseases
other than ASSD (e.g. RA, IIMs). The problem of the
possible misclassification related to the lack of estab-
lished classification criteria for ASSD has been also
recently highlighted by other authors. Chartrand
et al. [25

&&

] described a cohort of 33 patients with
IPAF, including 27 ARS-antibody-positive patients,
the majority of whom (44%) were anti-Jo-1-positive.
Mejı́a et al. [26

&&

] applied IPAF and Bohan and Peter’s
criteria (BPC) for IIMs in a cohort of 68 patients with
ILD and myositis-specific or associated antibodies,
represented by anti-Jo-1 in 65% of cases. Also in this
case, IPAF criteria performed well in classifying all
patients not fulfilling BPC criteria, which would
have effectively classified only 50% of the cohort,
underlying the importance of future efforts for the
development of dedicated classification criteria.

Nonetheless, despite the criticisms, we should
recognize that IPAF classification criteria allow the
identification of a critical area of unmet needs for
the entire rheumatology community.
CONCLUSION

Recent evidences on the clinical spectrum of anti-Jo-1
syndrome focused on the need of improving our
knowledge of the disease course to ensure early diag-
nosis and prevent damage. The increasingly reported
disease onset with single or incomplete clinical fea-
tures highlights the need to keep a high level of
suspicion for ASSD inpatientspresenting with isolated
arthritis or ILD. The implementation of international
multidisciplinary collaborative groups enrolling large
cohorts of patients represents the only effective way to
improve our understanding and management of this
Health, Inc. All rights reserved.
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rare, but still not fully acknowledged disease. Future
efforts should be aimed at developing internationally
recognized classification criteria to overcome the
problem of heterogeneity between studies and allow
better standardized future research.
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 CURRENT
OPINION Which nonautoimmune myopathies are most

frequently misdiagnosed as myositis?

Andrew L. Mammen

Purpose of review

To discuss the spectrum of nonautoimmune myopathies that may be misdiagnosed as autoimmune
myopathy.

Recent findings

Inherited myopathies, such as dysferlinopathy, calpainopathy, and facioscapulohumeral dystrophy may be
misdiagnosed as autoimmune myopathy, especially when they have inflammatory muscle biopsies.
Inclusion body myositis is frequently misdiagnosed as polymyositis when rimmed vacuoles are absent on
muscle biopsy, and a careful neuromuscular evaluation is not performed. Hypothyroid myopathy can be
misdiagnosed as immune-mediated necrotizing myopathy if thyroid function tests, including a T4 level, are
not obtained. Self-limited statin myopathy can be distinguished from statin-associated autoimmune
myopathy because patients with the former do not have autoantibodies recognizing 3-hydroxy-3-
methylglutaryl-coenzyme A reductase.

Summary

Autoimmune myopathies can usually be distinguished from nonautoimmune myopathies based on a
combination of the patient history, neuromuscular exam, laboratory findings, and/or muscle biopsy
features.

Keywords

autoimmune myopathy, endocrine myopathy, inclusion body myositis, muscular dystrophy, polymyositis

INTRODUCTION

The autoimmune myopathies include dermato-
myositis, polymyositis, and immune-mediated
necrotizing myopathy (IMNM) [1]. In contrast,
nonautoimmune myopathies include inherited,
endocrine, and toxic myopathies. Distinguishing
autoimmune from nonautoimmune myopathies is
essential because, in general, only the former respond
to immunosuppressive therapy. This review will
focus on those nonautoimmune myopathies that
are frequently misdiagnosed as an autoimmune my-
opathy. Of note, although emerging evidence sug-
gests that sporadic inclusion body myositis (IBM)
may have a significant autoimmune component
[2], this disease will be treated as a nonautoimmune
myopathy given that it rarely, if ever, improves with
existing immunosuppressive therapies.

INHERITED MYOPATHIES

The inherited myopathies can be divided into two
main groups, metabolic myopathies and muscular
dystrophies. The metabolic myopathies include dis-
orders of glycogen storage and fatty acid oxidation.

Patients with either of these can experience episodic
muscle weakness, muscle pain, and elevated serum
muscle enzyme levels. Such episodes are typically
triggered by exercise, fasting, or illness. In addition,
patients with glycogen storage disorders may have
proximal weakness and elevated muscle enzyme
levels between episodes of more severe muscle
symptoms; these patients are occasionally misdiag-
nosed as having an autoimmune myopathy. How-
ever, as disorders of fatty acid oxidation are only
rarely accompanied by fixed weakness and/or ele-
vated creatine kinase levels, they are not discussed
further here.
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KEY POINTS

� Facial weakness, asymmetric weakness, scapular
winging, and/or prominent distal weakness are
uncommon features of autoimmune myopathies and
suggest the possibility of inclusion body myositis or a
muscular dystrophy.

� Exercise-induced muscle cramping and/or creatine
kinase elevations should prompt an evaluation for
metabolic myopathies.

� A careful review of medications is required to exclude
the possibility of a toxic myopathy caused by statins,
colchicine, hydroxychloroquine, and others.

� A nonautoimmune cause should be suspected in
patients with muscle disease who do not have
extramuscular manifestations or a myositis
autoantibody.

Nonautoimmune myopathies misdiagnosed as myositis? Mammen
Although more than a dozen different glycogen
storage disorders have been identified, myophos-
phorylase deficiency (i.e., McArdle’s disease) and
adult-onset acid maltase deficiency (i.e., Pompe dis-
ease) are the most common and most likely to be
misdiagnosed as autoimmune myopathy. Myophos-
phorylase deficiency is an autosomal recessive dis-
order caused by mutations in PYGM, a gene that
encodes a muscle-specific glycogen phosphorylase
[3]. Affected patients are unable to utilize glycogen
stores for energy and present in childhood or
early adulthood with exercise-induced cramping,
markedly elevated creatine kinase levels (often over
10 000 IU/l), and myoglobinuria. Interestingly, after
�10 min of exercise, these symptoms may sponta-
neously improve or resolve. This unique character-
istic of myophosphorylase deficiency, known as the
‘second wind phenomenon’, distinguishes it from
other metabolic myopathies. Although younger
patients with myophosphorylase deficiency are usu-
ally strong between episodes, they may have mod-
erately elevated creatine kinase levels even when
resting. In addition, older patients can develop pro-
gressive proximal muscle weakness that, in associa-
tion with elevated muscle enzyme levels, may lead
to a misdiagnosis of autoimmune myopathy. This
diagnostic error can usually be avoided by eliciting a
history of exercise-induced cramping with the sec-
ond wind phenomenon. In patients with this
unique feature, a diagnosis of myophosphorylase
deficiency can be confirmed directly by sequencing
the PGYM gene. The diagnosis should also be sus-
pected in patients who have muscle biopsies that
reveal subsarcolemmal glycogen deposits best
seen with periodic acid-Schiff (PAS) staining. In
these cases, the diagnosis can be confirmed by
 Copyright © 2017 Wolters Kluwe
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demonstrating the absence of myophosphorylase
activity on frozen muscle sections. Unfortunately,
effective therapies for myophosphorylase deficiency
are not yet available.

Acid maltase deficiency is an autosomal recessive
disease caused by mutations in GAA, the gene encod-
ing the lysosomal enzyme acid alpha-glucosidase.
Individuals with GAA mutations resulting in severe
reductions in enzymatic activity (<1% of normal),
typically present as infants with hypotonia, dia-
phragmatic weakness, and cardiac involvement;
these infants may die within 1 year of birth. Patients
with 1–6% of normal enzymatic activity may not
present until childhood, but still develop severe prox-
imal muscle weakness and may die from respiratory
failure within 5–20 years. In contrast, patients with
1–29% of normal acid alpha-glucosidase activity
maybe asymptomatic until middle age and only then
develop gradually progressive proximal muscle weak-
ness [4,5]. While these patients may be misdiagnosed
as having an autoimmune myopathy, several clues
may suggest the possibility of adult-onset acid malt-
ase deficiency instead. First, myotonic discharges on
electromyography can be seen in acid maltase defi-
ciency but are rare in patients with autoimmune
myopathy. Second, as the diaphragm tends to be
more severely involved than other skeletal muscles,
a low forced vital capacity on pulmonary function
testing should raise a suspicion for acid maltase defi-
ciency. And finally, muscle biopsies from patients
with acid maltase deficiency usually reveal PAS-posi-
tive vacuoles and do not have inflammatory infil-
trates as seen in those with autoimmune myopathy.
The diagnosis of acid maltase deficiency can be con-
firmed using an enzyme activity assay and the precise
mutations subsequently identified by gene sequenc-
ing. Because a Food and Drug Administration-
approved enzyme replacement therapy is now ap-
proved for this condition, making the correct diag-
nosis is especially important.

Muscular dystrophies represent the second main
group of inherited conditions that may be confused
with autoimmune myopathy. While there are more
than a hundred different types of muscular dystro-
phy, this review will focus on a few that are most
often misdiagnosed as autoimmune myopathy,
because they can present with proximal muscle
weakness, elevated serum muscle enzyme levels,
muscle biopsies, including prominent collections
of inflammatory cells, and/or no family history
due to an autosomal recessive inheritance pattern.
These include dysferlinopathy, calpainopathy, and
facioscapulohumeral dystrophy.

Dysferlinopathy patients have pathogenic
mutations on both copies of their DYSF gene, result-
ing in a defective protein unable to participate in its
r Health, Inc. All rights reserved.
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usual role in muscle membrane repair. Such patients
most often present in their teens or early 20s with
slowly progressive proximal muscle weakness and
creatine kinase levels over 10 000 IU/l. A subset of
dysferlinopathy patients presenting with distal
weakness are rarely misdiagnosed as autoimmune
myopathy. The majority of dysferlinopathy patients
have muscle biopsies that include cellular infiltrates
and upregulation of major histocompatibility com-
plex class I molecules [6] as frequently described in
autoimmune myopathies; these patients are most
vulnerable to misdiagnosis. Indeed, one study
revealed that 10 out of 40 dysferlinopathy patients
were initially treated with corticosteroids and other
immunosuppressive agents because they were mis-
diagnosed with polymyositis [7]. Such therapeutic
misadventures can be avoided by immunostaining
muscle biopsies for dysferlin protein, which is ab-
sent in patients with dysferlinopathy. Alternatively,
genetic testing revealing pathogenic mutations in
each DYSF gene can also confirm the diagnosis
of dysferlinopathy.

The CAPN3 gene encodes calpain-3, a calcium-
dependent protease, which plays a role in cytoskel-
etal remodeling and membrane repair. Patients with
homozygous pathogenic CAPN3 mutations have cal-
painopathy and typically present in childhood with
progressive proximal muscle weakness and mildly to
moderately elevated creatine kinase levels. Individu-
als with calpainopathy also often have scapular wing-
ing, which is only rarely present in patients with
autoimmune myopathy. However, as muscle biop-
sies mayreveal infiltrates consisting of eosinophils [8]
or macrophages and lymphocytes [9], this occasion-
ally leads to an erroneous diagnosis of autoimmune
myopathy. This error can be avoided by immunohis-
tochemical staining for calpain-3 on muscle biopsy
(staining is reduced in those with calpainopathy) or
by CAPN3 gene sequencing.

Facioscapulohumeral dystrophy typically
presents in young adults who complain of arm
weakness. This weakness is often asymmetric and
the forearm muscles may be dramatically atrophied
despite relatively normal deltoid muscles, resulting
in characteristic ‘Popeye’ arms. In addition, weak-
ness of the shoulder girdle muscles often results in
scapular winging. Finally, facial weakness is usually
present on examination even if it is not noted by the
patient. Although asymmetric weakness, sparing of
deltoid muscles, scapular winging, and facial weak-
ness would all be atypical in a patient with autoim-
mune myopathy, one-third of facioscapulohumeral
dystrophy patients have inflammatory muscle biop-
sies with CD4þ and CD8þ T-cells [10,11]; these
patients are occasionally diagnosed as having poly-
myositis. The correct diagnosis can be confirmed by
 Copyright © 2017 Wolters Kluwer 
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genetic testing. In contrast to dysferlinopathy or
calpainopathy, facioscapulohumeral dystrophy is
most often inherited in an autosomal dominant
fashion because of deletions in the D4Z4 repeat
sequence in chromosome 4. However, as several
genetically distinct forms of facioscapulohumeral
dystrophy have been identified, additional genetic
tests may be utilized to confirm the diagnosis.
INCLUSION BODY MYOSITIS

Sporadic IBM is the most common myopathy pre-
senting in older adults and probably the muscle
disease most frequently misdiagnosed as a treatable
autoimmune myopathy. In one study, up to 50% of
IBM patients were initially diagnosed as having poly-
myositis or another muscle disease [12]. In most
cases, the typical features of IBM should help clini-
cians who perform a detailed neuromuscular exam
distinguish IBM from polymyositis and other forms
of autoimmune muscle disease. First, IBM patients
have a unique pattern of muscle involvement includ-
ing not only proximal muscle weakness, but also
weakness of the deep finger flexors, wrist flexors,
and ankle dorsiflexors. In many cases, the quadriceps
are weaker than the hip flexors, which would be
highly unusual in patients with autoimmune muscle
disease. Also, many IBM patients have orbicularis
oculi weakness which is rare in patients with autoim-
mune myopathies. Finally, while symmetric muscle
involvement is the rule in patients with autoimmune
myopathy, asymmetric muscle weakness is often
noted in IBM patients. Importantly, about half of
IBM patients have dysphagia. However, as this can
also be present in patients with autoimmune myop-
athy, it may not be less helpful in distinguishing
between the two conditions.

The typical muscle biopsy features of inclusion
body myositis include not only invasion of healthy
myofibers by cytotoxic CD8þ T cells, as described in
polymyositis, but also rimmed vacuoles and evi-
dence of mitochondrial dysfunction. When present,
this combination of features should strongly suggest
the diagnosis of IBM. However, approximately
20% of patients with otherwise typical clinical fea-
tures of IBM have inflammation but no rimmed
vacuoles on muscle biopsy [13]. These patients
can easily be misdiagnosed as having polymyositis
if asymmetric weakness, distal weakness, and/or
orbicularis oculi weakness are not revealed by a
careful neuromuscular exam.

It has been noted that some patients initially
presenting with symmetric proximal muscle weak-
ness, high serum creatine kinase levels, inflam-
matory muscle biopsies, and responsiveness to
immunosuppressive therapy eventually evolve into
Health, Inc. All rights reserved.
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a typical IBM phenotype. For example, we recently
described five patients with myositis in the context
of HIV infection who presented with both proximal
and distal weakness, and who had improved proxi-
mal muscle strength following immunosuppressive
therapy. However, each of these patients went on to
develop weakness primarily affecting wrist flexors,
finger flexors, knee extensors, and/or ankle dorsi-
flexors as commonly seen in IBM [14

&

]. Thus, even
patients with an established diagnosis of treatment-
responsive polymyositis should be carefully moni-
tored over time for the development of weakness in
an IBM pattern. Whether such patients should con-
tinue to be treated with immunosuppressive agents
remains unknown and may require an empiric trial
of drug tapering.
ENDOCRINE MYOPATHIES

While mild hypothyroidism may be associated with
fatigue, muscle pain, and cramping, patients with
severe hypothyroidism can have proximal muscle
weakness, markedly elevated creatine kinase levels,
and a necrotizing muscle biopsy [15]. Such patients
can easily be misdiagnosed as having IMNM if thy-
roid function tests are not ordered. Importantly,
patients with central hypothyroidism may have a
necrotizing myopathy even the context of a normal
thyroid-stimulating hormone level [16]. In these
cases, low or absent circulating T4 levels should
suggest the correct diagnosis. While hyperthyroid-
ism is less frequently a cause of myopathy, this
should also be considered. Finally, hyperadrenocor-
ticism associated with Cushing syndrome can cause
a myopathy with proximal muscle weakness. How-
ever, other features of Cushing syndrome, such as
abdominal stria and moon facies, should alert clini-
cians to this condition. Moreover, since patients
with myopathy caused by Cushing syndrome have
normal creatine kinase levels and noninflammatory
muscle biopsies, they should only rarely be misdiag-
nosed with an autoimmune myopathy.
TOXIC MYOPATHIES

More than 39 million adults in the United States
currently prescribed a statin [17], mostly well toler-
ated. However, muscle symptoms may occur in as
many as 10% of patients and this is a common
reason for stopping statin therapy [18]. Given that
the overwhelming majority of those with statin-
related muscle symptoms do not have weakness
or elevated creatine kinase levels, these individuals
are not typically misdiagnosed with autoimmune
myopathy. However, rare patients will experience
more severe statin toxicity with elevated creatine
kinase levels and proximal muscle weakness. This
 Copyright © 2017 Wolters Kluwe
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more severe statin-related toxicity, which some evi-
dence suggests may result from mitochondrial dys-
function [19

&

], occurs at an estimated rate of 0.4 per
10 000 person years of statin treatment [20]. Fortu-
nately, most patients with this form of self-limited
statin myopathy will recover spontaneously after
stopping the statin. However, especially since
the discovery of statin-associated autoimmune my-
opathy [21], some patients with self-limited statin
toxicity may be misdiagnosed as having an auto-
immune process and treated inappropriately with
corticosteroids and/or other immunosuppressive
treatments. Distinguishing patients with statin-
associated autoimmune myopathy from those with
either mild or severe self-limited statin toxicity can
be accomplished by testing for autoantibodies rec-
ognizing 3-Hydroxy-3-Methylglutaryl-coenzyme A
(HMG-CoA) reductase, because only the former
patients have these autoantibodies [22,23,24

&

].
In addition to statins, several other drugs are

known to cause myopathy; in rare cases these indi-
viduals might be suspected of having an autoim-
mune myopathy. For example, colchicine can cause
a myopathy characterized by vacuolization on biop-
sy [25]. Because the potential for toxicity is related
to circulating levels of colchicine and this drug is
excreted by the kidneys, renal dysfunction may
precipitate toxicity in individuals who have been
taking colchicine without difficulty for years.

Amphiphilic drugs, such as chloroquine, hydro-
xychloroquine, amiodarone, procainamide, and
doxorubicin may cause myopathy by disrupting
the muscle cell membrane. Particularly in patients
taking hydroxychloroquine for lupus, the possibili-
ty of coexisting autoimmune myopathy may be
considered when weakness develops. If discontinu-
ing the medication does not lead to resolution of
weakness within a few weeks or weakness progresses
despite drug cessation, then a muscle biopsy may be
considered. In patients with drug-induced myopa-
thy, the biopsy should show vacuoles that stain
positively for lipids and acid phosphatase rather
than inflammation.

Although in the developed world zidovudine is
rarely used to treat HIV infection, its low cost
makes it an attractive treatment in poorer countries.
Myopathy is a well described adverse effect of zido-
vudine and can present with high creatine kinase
levels and proximal weakness. Because HIV-infected
patients may also develop autoimmune myositis, it
may be difficult to distinguish drug toxicity from an
autoimmune process. In these cases, muscle biopsies
showing ragged red fibers and numerous cyto-
chrome oxidase-negative fibers reflecting mito-
chondrial dysfunction should suggest zidovudine
toxicity. In contrast, an inflammatory muscle
r Health, Inc. All rights reserved.
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biopsy would be more consistent with an auto-
immune process.
CONCLUSION

A variety of different disease processes can mimic an
autoimmune myopathy. However, the history and
expert neuromuscular examination can usually help
distinguish these. For example, a careful drug history
can suggest the possibility of a toxic myopathy. Simi-
larly, a history of muscle cramping with exercise
should prompt an evaluation for metabolic myopa-
thies. The presence of facial weakness, asymmetric
weakness, scapular winging, or distal weakness out of
proportion to proximal weakness should suggest the
possibility of inclusion body myositis or a muscular
dystrophy. Laboratory testing may also be helpful in
excluding endocrine myopathies. It is also helpful to
remember that most patients with autoimmune my-
opathy have multisystem disease with skin, joint, or
lung involvement, whereas those with nonautoim-
mune myopathy do not. Therefore, the absence of
extramuscular symptoms should always prompt a
search for a nonautoimmune cause of the myopathy.
An exception to this rule would be patients with
IMNM, who rarely have extramuscular manifesta-
tions [26,27]. However, these patients can usually
be identified based on the presence of autoantibodies
recognizing the signal recognition particle or HMG-
CoA reductase. Finally, when a patient with a diag-
nosis of autoimmune myopathy worsens or does not
improve despite aggressive immunosuppressive ther-
apy, the possibility of a different or coexisting non-
autoimmune condition should be considered.
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 CURRENT
OPINION MRI scoring methods used in evaluation of muscle

involvement in patients with idiopathic
inflammatory myopathies

Kateřina Kubı́nováa,b, Heřman Manna,b, and Jiř ı́ Vencovskýa,b

Purpose of review

MRI is a promising imaging method commonly used to assess muscle involvement in patients with
idiopathic inflammatory myopathies (IIM). MRI enables evaluation of both activity and damage and is
therefore an ideal noninvasive diagnostic and monitoring tool. Despite its widespread use, there is no
universally accepted method for scoring and reporting of MRI findings. The aim of this review is to provide
an overview of systems used in the evaluation of MR images in patients with IIM.

Recent findings

A number of semi-quantitative and quantitative methods have been used to evaluate and record the severity
of myopathy on MRI. These scoring systems differ in the number and type of parameters assessed and in
their complexity; furthermore, they were evaluated in different patient populations, all of which make
comparisons between them difficult.

Summary

There is a need to create a standardized and validated protocol for evaluation of pathological changes in
muscle MRI in IIM. The most appropriate number and distribution of muscle groups as well as evaluated
pathological features need to be determined. Based on this literature search, the future scoring system
should include assessment of muscle oedema, fatty infiltration, muscle atrophy and possibly the presence of
fascial and subcutaneous inflammation. Whether the quantitative methods provide more reliable
information regarding disease activity remains unclear.

Keywords

evaluation, idiopathic inflammatory myopathy, MRI, scoring system

INTRODUCTION

MRI is currently a key imaging method for assessing
muscle involvement in patients with idiopathic
inflammatory myopathies (IIM) [1]. In patients with
muscle weakness MRI can distinguish between
active muscle inflammation and chronic muscle
damage. MRI helps in the diagnostic process by
providing detailed imaging of large muscle volume,
which can be used for selecting an optimal biopsy
site [2], or to provide evidence of morphological
changes localized in areas of muscle, which were
not sampled in patients with negative biopsy results
[3]. In addition, MRI can detect the presence of
muscle inflammation in patients with typical com-
plaints but preserved strength and normal creatine
kinase levels [4].

There is still no universally accepted and vali-
dated scoring protocol for the evaluation and grad-
ing of muscle MRI pathology in patients with IIM.

PATHOLOGICAL MRI FINDINGS IN
IDIOPATHIC INFLAMMATORY
MYOPATHIES

The normal, healthy muscle generates on T1-
weighted sequences (T1W) an intermediate signal
intensity – slightly higher than that of water and
bone, but lower than the intensity of bone marrow.
On T2-weighted sequences, healthy muscle tissue
generates much lower signal compared with both fat
and water [5]. The areas affected by muscle inflam-
mation generate bright, hyperintense signal due to
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KEY POINTS

� There is no standardized protocol for evaluation of MRI
in patients with myositis.

� Several different semi-quantitative or quantitative
assessment methods have been used in previous
studies.

� There is a need to define the exact parameters,
anatomical localizations and MR imaging techniques to
be used in the future scoring system.

Myositis and myopathies
increased (intracellular or extracellular) water
content. Fluid sensitive techniques such as fat sup-
pressed T2-weighted or short-tau inversion recovery
(STIR) sequences are therefore appropriate for eval-
uation of muscle oedema [6

&

]. Hyperintense signal
of fascia is considered to be a marker of fasciitis;
analogically subcutaneous soft-tissue oedema can
be seen in patients with skin involvement of derma-
tomyositis. Fatty replacement and atrophy can be
assessed on T1-weighted sequences [7].
SYSTEMS USED FOR EVALUATION OF
MRI

We have identified several studies that have used an
MRI scoring system in order to evaluate and record
the degree and severity of pathological alterations in
muscles of patients with IIM. Some of those systems
were based on visual assessment by one or more
evaluators only; others used a quantitative method
for measuring different MRI signal parameters.
Semi-quantitative scoring systems

In semi-quantitative scoring systems, the evaluator
uses a numerically defined grade on an analogue
scale to describe the severity of involvement based
on a visual assessment. This evaluation technique
has the advantage of being relatively easy to imple-
ment, but the final outcome is influenced by the
individual experience of the evaluator. In the past
years, various scoring systems with a large variability
in the number and localization of assessed muscles
as well as evaluated parameters were established
(Table 1).

First studies using a semi-quantitative evalua-
tion system to correlate muscle involvement on MRI
with clinical and laboratory parameters appeared
more than 10 years ago. An approach based on
evaluation of extent of inflammatory oedema
(EMRI), intensity of the signal in affected area (IMRI)
and total MRI affection (TMRI) was reported in 2007
 Copyright © 2017 Wolters Kluwer 

624 www.co-rheumatology.com
[8]. All MRI parameters were assessed on axial STIR
sequences of both thighs using a 10 cm visual ana-
logue scale in 29 patients (9 with polymyositis,
20 with dermatomyositis). In a subgroup of
10 patients, second MRI examination was done after
2–6 months enabling longitudinal comparison of
these MRI parameters after treatment. Results
showed association of the initial intensity of oede-
ma (IMRI) with clinical activity and this parameter
also improved significantly in response to treat-
ment. Levels of creatine kinase correlated with
the total MRI score (TMRI). During the second ex-
amination after a period of treatment, clinical mus-
cle activity correlated both with the EMRI and
TMRI, but there was no correlation of any of the
assessed MRI parameters with global clinical
activity (assessed on 10 cm visual analogue scale)
or with creatine kinase levels, with no statistically
significant difference between polymyositis and
dermatomyositis patients.

All other studies published so far also considered
the muscle oedema as the main MRI feature, even
though the grading methods varied in their com-
plexity. In the study of Malattia et al. [9] muscle
inflammation was scored using a 0–2-point scale
(0, no muscle signal abnormalities; 1, mild-to-mod-
erate signal abnormalities; 2, high degree of signal
abnormalities). In patients with juvenile dermato-
myositis (JDM), the evaluation was made consider-
ing both the degrees of signal intensity abnormality
and its extent (with score of 2 corresponding to
involvement of more than 50% of the muscle area).
The symmetrical muscles were scored separately and
the final score was obtained as an arithmetical sum
of all acquired scores performed in total 42 muscular
groups on coronal whole-body STIR MRI sequences.
In addition to muscle oedema, perifascicular and
subcutaneous tissue inflammation was evaluated
using a binary scale (0, absent; 1, increased signal
intensity). Thus, designed scoring system showed
moderate-to-excellent correlation with clinical indi-
cators of disease activity (Manual Muscle Test,
Childhood Myositis Assessment Scale), whereas
the whole body MR subcutaneous and myofascial
scores are highly correlated with Physician’s Global
Assessment of disease activity and Childhood
Health Assessment Questionnaire.

Davis et al. [10] used a 4-point scale for assessing
of acute inflammatory changes in patients with JDM
(0, none; 1, mild; 2, moderate; 3, severe changes),
and dichotomous evaluation of the presence of soft-
tissue oedema and perifascicular oedema (1, present;
0, absent). This study described fair-to-moderate
agreement between two experienced musculoskele-
tal paediatric radiologists whenever evaluating the
suggested parameters. Grading was performed in
Health, Inc. All rights reserved.
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each of the four muscle groups: gluteal muscles,
hamstrings, quadriceps femoris and adductors.
There was no difference in reached total scores
(maximum 20 points) for each side, reflecting the
symmetry of muscle involvement in JDM.

A complex evaluation system of muscle oedema
in patients with non-inflammatory myopathies was
suggested by Stramare et al. [12]. The proposed
grading system divided muscle oedema into six
grades (0–5), considering the severity and localiza-
tion of the inflammation (Table 1). Zheng et al. [11]
adopted this scoring system in a study in patients
with anti-SRP-positive myopathy. According to the
results, the degree of oedema did not correlate with
creatine kinase levels or myositis disease activity
assessment. Fatty infiltration as a marker of chronic
muscle damage was evaluated using the Mercuri
scale, developed originally for the assessment of
inherited neuromuscular disorders [13]. The scale
consists of 6 grades (0–5) from normal appearance
to a complete fatty infiltration (Table 1). The simpler
classification of fatty infiltration degree was used in
a study with sporadic inclusion body myositis
patients by Cox et al. [14]. Muscle damage in this
study was graded 0–3 based on the extent of
fatty replacement.

Recent comparative analysis of MRI findings in
patients with antisynthetase syndrome and
matched controls [15

&&

] used a detailed scoring mod-
el. Muscle oedema was assessed in terms of extent (0,
no oedema; 1, minor extent less than 33.3%; 3,
major extent greater than 66,6% of muscle area)
as well as signal intensity (0, normal intensity; 1,
low; 2, moderate; 3, high signal intensity). The
highest possible score for muscle oedema was 36
points (18 for each side, evaluated were the muscles
involved in hip flexion, abduction and knee loco-
motion in anterior, posterior and medial com-
partment, using a grading scale 0–3 for both
parameters). Fatty replacement was assessed accord-
ing to a grading system developed by Goutallier et al.
[16], where a Goutallier score of at least 2 in at least
one compartment was considered pathological
(Table 1). Fascial oedema (defined as an abnormal
thick deep fascial layer with increased STIR signal)
was binarily scored as 1, present; 0, not present.
Based on this assessment, two summary scores were
calculated: a total oedema score (42), including
three components: oedema extent (18), oedema
intensity (18) and presence of fascial oedema (6);
and a total damage score (36), consisting of the score
for fatty replacement (30) and presence of muscle
volume reduction (6). A summation of total oedema
score and total damage score created a TMRI score
(maximum 78). According to the results, plasma
creatine kinase levels did not correlate with total
 Copyright © 2017 Wolters Kluwe
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oedema or damage score, but significant correla-
tions were observed between both scores and Man-
ual Muscle Test and Functional Index Test.

The uncomplicated binary system of oedema
evaluation (1, present; 0, absent) was also used in
an Italian study [17], that compared the distribution
of muscle involvement between dermatomyositis
and polymyositis patients. Muscle oedema was
assessed bilaterally in 17 pelvic floor and thigh
muscles by two independent radiologists, MRI oe-
dema score was then calculated by adding the sepa-
rate scores for each side and dividing them by two.
The intraclass correlation coefficient between the
evaluators was 0.78. This study showed higher inci-
dence of oedema in patients with dermatomyositis
in comparison to those with polymyositis in all
localizations except of posterior thigh muscles.

Barsotti et al. [18] combined binary assessment
system with a more detailed grading of muscle
oedema on STIR sequences (a 4-level scale: 0,
no oedema; 1, mild; 2, moderate; 3, severe oedema).
Oedema score was calculated as the mean of the
values in 10 muscles on both sides. Fatty muscle
infiltrates were evaluated as present or absent. MRI
results were compared with the IMACS disease
activity score set (physician assessment, enzyme
levels, and Manual Muscle Test). There was a good
correlation between creatine kinase levels and oede-
ma score, especially for higher oedema scores. In
addition, the study introduced a Diffusion-weighted
Imaging (DWI) technique with a measurable diffuse
coefficient as a contributing value for quantification
of the disease progression.

Recently published extensive study from the
Johns Hopkins University group [19], comparing
immune-mediated necrotising myopathy patients
with other IIM subgroups, used this dichotomous
evaluation system in order to increase the reproduc-
ibility and to simplify the methodology. The pres-
ence of oedema, fatty replacement, atrophy and
fascial oedema was evaluated in 15 muscles of both
thighs and the severity of the findings was repre-
sented by the percentage of muscles showing that
concrete MRI feature. The results revealed more
severe muscle involvement in anti-SRP-positive
compared with anti-HMGCR-positive patients.
Quantitative evaluation systems

Hand-in-hand with innovations in MRI imaging
and availability of postprocessing techniques, sev-
eral studies aimed to develop a quantitative system
(qMRI), describing more precisely the degree
of muscle impairment. Some studies presented
methods based on computer analysis of pixel inten-
sity values.
r Health, Inc. All rights reserved.
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Forty-four patients with IIM underwent MRI
examination in the study by Yao et al. [20], who
used image postprocessing technique implemented
in ImageJ open platform. This postprocessing mo-
dality creates T2 maps and T2 maps corrected for
muscle fat content, calculated from the in-of-phase
and out-of-phase gradient echo images based on a
Dixon formulation [21]. Affected regions were de-
fined using a semi-automated, adaptive, moving-
window intensity-based segmentation algorithm
[22]. Results of this quantitative measurement were
comparable with results from assessment of conven-
tional STIR sequences using visual scoring system
(Table 2), performed by an experienced musculo-
skeletal radiologist [23]. These results support the
potential usefulness of this semi-automated quanti-
tative MRI evaluation.

Dixon method acquires proton-density weighted
gradient echo images with two, three, or more differ-
ent echo times. As the resonant frequency of water
and fat differs, the images at different echo times
contain different combinations of fat and water sig-
nals. It is possible to create a mathematical model,
that calculates the fat and water components of the
image with subsequent correction of image inhomo-
geneities. At the endpoint stands the calculation of
fat-fraction with every pixel containing the percent-
age fat in the MR signal (0–100%).

This principle was successfully used in a cohort
of limb–girdle muscular dystrophy patients [24] and
the results were compared with values obtained
from visual scoring (Table 2). Patients were followed
over 12-months period. Compared with an optical
scoring performed by a consultant neurologist, the
outcome of quantitative fat fraction calculation
detected a significant rise in 9 out of the 14 muscles,
whereas visual grading analysis showed no progres-
sion over the 12 months. This work suggested that
visual scoring of T1 weighted images was not dis-
criminating enough to detect progression of muscle
pathology in patients with slowly progressing dis-
ease. After all, the higher sensitivity of qMRI
has actually been already described in publications
dealing with facioscapular muscular dystrophy type
I [27] and Duchenne muscular dystrophy patients
[28]. In these dystrophic patients, Wokke et al. [29]
documented that the visual scores related to the
muscle fat fraction were generally higher than the
corresponding quantitative values. This could point
out the lower accuracy of the visual scores compared
with the qMRI values.

T2 mapping of fatty infiltration and oedema was
applied in patients with various muscle diseases in a
study by Elessawy et al. [25]. This study included four
groups of patients, where nine patients had a diag-
nosis of idiopathic inflammatory myopathy. Results
 Copyright © 2017 Wolters Kluwer 
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of the quantitative measurement were compared
with visual assessment (Table 2). Quantitative T2-
histogram analysis showed a significant correlation
with semi-quantitative MRI imaging score of fatty
infiltration and the clinical grade of muscle power.
Used grading system for muscle oedema (Carlo Bor-
sato scaling [26], Table 2) was replaced by protocol
suggested by Quijano-Roy et al. [30] in Elessawy
et al.’s [31] study published in 2016. The study
described extent and distribution of muscle involve-
ment in the whole-body MRI, performed in 15
patients with IIM. The authors advocate the use of
whole-body MRI because they observed time-in-dis-
ease-course dependent distribution of oedema be-
tween upper and lower extremities and also frequent
involvement of proximal calf muscles.

Maillard et al. [32] conducted a study, that aimed
to examine validity and reliability of a quantitative
measure of increased T2 relaxation times as marker
of inflammation on MRI in children with JDM. Eight
image slices throughout the left thigh were gained at
each scan (the first slice at the level of the base of the
greater trochanter, final slice at the level of superior
aspect of condyles, the six slices were automatically
equidistantly positioned between these two). Data
from two consecutive slices at the positions of the
fourth and fifth slices were measured. The results
showed significantly higher values in children with
active JDM compared with patients with inactive
disease and the healthy controls. There was not a
significant difference between inactive JDM group
and healthy individuals. Scores in active patients
reached good correlations with Patient Global As-
sessment, Childhood Myositis Assessment Scale and
Childhood Health Assessment Questionnaire. The
authors conclude that MRI T2 relaxation time could
be a reliable parameter of disease activity.

According to the published results, quantitative
methods have performed at least as well as visual
assessment. They can distinguish healthy individu-
als from participants with active disease and provide
a statistically clearly defined outcome. Software
compatibility has to be tested on larger cohort, using
different MRI scanners and with more evaluators in
order to prove the reliability of obtained data.
CONCLUSION

MRI has become an important tool for visualization
of muscle pathology in idiopathic inflammatory
myopathies. It plays an essential role in the assess-
ment of ongoing inflammation activity [33]. This
literature overview demonstrates a large variability
of scoring approaches used across differently
designed studies. None of the above-mentioned
systems has been fully validated and the results
Health, Inc. All rights reserved.
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are not comparable due to a diversity of examined
study participants and parameters. Some of the
proposed scoring methods seem to be too compli-
cated and time-consuming for daily clinical practice
use. Furthermore, semi-quantitative systems are
limited by their subjectivity. Several studies were
conducted in paediatric cohorts; no studies have
reported data on the long-term follow-up of adult
IIM patients. Qualitative methods partially use the
approximation of adjacent points, the automatic
choice of region of interest can be imprecise and
requiring manual correction. The use of specialized
postprocessing procedure needs advanced skills
with MRI software, that makes the method generally
difficult to implement.

In order to facilitate MRI use for the diagnosis
and monitoring of IIM patients, a standardized scor-
ing should be developed and validated. In view
of published results this protocol should evaluate
muscle oedema, fatty infiltration and atrophy, peri-
fascicular oedema or fascial oedema and sub-
cutaneous tissue inflammation. An international
collaboration of experienced specialists forming a
task force seems to be the best way to develop the
new recommendations.
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 CURRENT
OPINION Inclusion body myositis: advancements in diagnosis,

pathomechanisms, and treatment

Karsten Schmidt and Jens Schmidt

Purpose of review

To review new advances in inclusion body myositis (IBM) and discuss them in light of current knowledge on
diagnosis, pathomechanisms, and treatment perspectives.

Recent findings

IBM is a treatment refractory inflammatory myopathy in middle-aged patients that leads to a slow,
relentlessly progressive muscle weakness, and atrophy. Recent data collections suggest that mortality in IBM
patients is somewhat elevated compared with the general population. One major risk factor for death is
severe dysphagia, which can now be determined by a novel real-time MRI technique. Recently, proposed
diagnostic criteria with a combination of clinical and histopathological features have improved sensitivity
and specificity. cytosolic 5’-nucleotidase 1A antibodies have been characterized in IBM patients and their
pathophysiologic role has recently been studied. New inflammatory pathomechanisms have been identified
in IBM muscle and may help to design novel treatment strategies. A broad spectrum of immunosuppressive
and immunomodulatory trials have been conducted, but – so far– no effective treatment is available.
Current therapeutic attempts aim to block the myostatin pathway or restore the protein homeostasis.

Summary

The expanding knowledge of the complex disease, the refinement of diagnostic criteria, and developments
in diagnostic procedures are expected to foster the much needed design of new treatment approaches for
future clinical trials.

Keywords

cN1A autoantibodies, diagnostic criteria, dysphagia, immunoglobulin G, inclusion body myositis

INTRODUCTION

Inclusion body myositis (IBM) belongs to the group
of inflammatory myopathies, which also includes
dermatomyositis (DM), polymyositis (PM), necrotiz-
ing myopathy, and overlap myositis. IBM patients
are mostly beyond 50 years of age at initial presen-
tation. IBM can be distinguished from the other
inflammatory myopathies by its unique clinical
presentation with asymmetrical muscular weakness
and atrophy, predominantly affecting long finger
flexors and the quadriceps muscles. The histopath-
ological hallmarks of the disease include a T-cell-
dominated immune infiltration and myodegenera-
tive features like multiple protein aggregates inside
muscle fibers. IBM usually does not respond to
standard immunosuppression such as by glucocor-
ticosteroids, methotrexate, or azathioprin.

EPIDEMIOLOGY AND LIFE EXPECTANCY

The prevalence of IBM is highest in Whites in
Northern Europe, North America, and Australia,

ranging from 4.9 to 33 per million and even 51.3
per million people for the group of patients above
50 years of age [1–3]. In a recently published meta-
analysis of nine publications, the metaprevalence
was 24.8 per million in total [4

&

]. It is thought that
the prevalence of IBM is underestimated, for exam-
ple, because of a wrong diagnosis as PM. In recent
studies, there is an increase in prevalence, which
could be explained with growing disease awareness
and improved diagnostic tools. Men are about two-
fold more often affected than women [5,6].

The disease course is typically slowly progressive
over decades and leads to increasing impairment of
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KEY POINTS

� The diagnosis depends on clinical, histological, and
serological parameters.

� Dysphagia is a common, relevant, and sometimes
initial symptom that often requires special attention.

� Standard immunosuppression is usually not justified and
IVIG may be suitable for selected patients, particularly
in case of severe dysphagia.

� Novel effective treatment strategies will depend on a
better understanding of the pathomechanisms.

Inclusion body myositis Schmidt and Schmidt
daily activities, particularly those involving hand
and finger muscles such as writing, using knife
and fork, getting dressed, and so on. Mobility is
increasingly limited, leading to walking sticks or
walker dependence after 5–10 years. The rate of
yearly progression in weakness is about 5% [5,6].
The mortality has recently been shown to be some-
what increased as reflected by an international ques-
tionnaire of ‘IBM experts’ [3,7

&

]. There is no
evidence of increased risk of malignancy in IBM
patients [8].
CLINICAL SYMPTOMS

Patients with IBM usually display a typical pattern of
involved muscles. In general, the quadriceps femoris
and the long finger flexors are mainly affected.
Other muscle groups that are commonly affected
include the biceps and the foot dorsiflexors. With
progression of the disease, all affected muscle
become atrophic. An affection of paraspinal muscles
can cause camptocormia or a dropped head syn-
drome in IBM patients [9].

An important symptom of the disease is dyspha-
gia which is noted in 40–80% of IBM patients
[10

&

,11,12]. Patients typically report that food gets
stuck in their throat and that they need to swallow
repeatedly for clearance. In some cases, dysphagia is
the initial, presenting symptom [13,14]. Assessment
of swallowing is usually performed by videofluoro-
scopy [11]. A recent study demonstrates that real-
time MRI is comparably reliable for detection of an
impaired food passage in patients with dysphagia
because of IBM [10

&

]. Compared with videofluoro-
scopy, this novel tool has the advantage that it does
not rely on X-rays and it can visualize soft tissue
such as muscle. Thus, real-time MRI may be an ideal
tool for assessing and monitoring dysphagia as part
of clinical care as well as in clinical studies of IBM.
Patients with only a mild swallowing impairment
usually do not report this as part of the history [12].
 Copyright © 2017 Wolters Kluwe
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Therefore, the use of formal swallowing question-
naires appears to be advisable not to overlook a
relevant dysphagia in IBM patients: Such question-
naires include the swallowing-related quality of life
questionnaire as well as the Sydney swallowing
questionnaire [15]. The swallowing scales correlated
well with the flexible endoscopic evaluation of swal-
lowing and real-time MRI. Both questionnaires have
been used in detecting swallowing problems in dif-
ferent neurological and nonneurological diseases
such as Parkinson’s disease or amyotrophic lateral
sclerosis [16–18].
DIAGNOSTIC CRITERIA

Diagnosis of IBM is often delayed by an average of
5 years from symptom onset and is usually made by
a combination of clinical, electrodiagnostic, and
pathological assessment [9]. There have been differ-
ent diagnostic criteria used for research and daily
practice issues. Griggs et al. [19] defined in 1995 the
diagnostic criteria for IBM: they are much focused
on histopathological features so that the diagnosis
of a definite IBM can only be made if all pathological
features are present, that is, mononuclear cell inva-
sion of nonnecrotic fibers, vacuolated muscle fibers,
and evidence of protein accumulation. It has been
shown that an overweight of histopathological
changes vs. clinical symptoms will likely lead to
an underdiagnosis of IBM and overdiagnosis of
PM [20]. The inherent problems of overemphasizing
histopathological diagnosis of definite IBM is the
fact that one or more of the required features will
often be absent. In a retrospective study, enhanced
specificity and sensitivity could be found when
tissue sections were examined looking for rimmed
vacuoles in combination with the respective distri-
bution of p62 and inflammatory changes [21].
In tissue sections lacking rimmed vacuoles, the
estimation of inflammatory changes appearing
simultaneously with mitochondrial malformation
resulted in higher sensitivity and good specificity.
The European Neuromuscular Centre (ENMC) crite-
ria for IBM took into account the typical clinical
phenotype and performed more inclusive com-
pared with Griggs’ criteria [1]. In 2013, revised
ENMC criteria for IBM were published and used
an approach of combining clinical, laboratory,
and pathological observations [22]: a distinction
between clinico-pathologically defined IBM, clini-
cally defined IBM, and probable IBM was suggested
(Table 1). A recent study evaluated different sets of
diagnostic criteria from various previous publica-
tions and most of them – including the revised
ENMC criteria – showed poor sensitivity: Using
machine learning techniques in an approach
r Health, Inc. All rights reserved.
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er 
including 371 patients, best specificity and sensitiv-
ity was identified by combining finger flexor or
quadriceps weakness with endomysial inflamma-
tion and either invasion of nonnecrotic fibers or
rimmed vacuoles [23]. The international standard of
care in IBM has been discussed at an ENMC work-
shop in 2011 [22] and an IBM guideline develop-
ment group has been formally established. This
group has assessed the best practice for diagnosis
and treatment of IBM [24] by a Delphi method and a
live meeting for all participants of the group Publi-
cation of the results is expected soon.
CN1A ANTIBODIES

The reliability of the diagnosis is hampered by the
fact that the clinical presentation as well as the
histological picture can be very variable and until
today no precise biomarker is available. In 2011,
a circulating antibody against a 43 kDa muscle
protein was described in blood samples from IBM
patients [25]. This antibody was later characterized
being reactive against the cytosolic 5’nucleotidase
1A [26,27]. However, despite initial enthusiasm
about this antibody as a potential new bio-
marker for IBM, recent data demonstrate that IBM
patients are positive in a range of not more than
33–61% [28

&

–31
&

]. Moreover, other autoimmune
disorders such as PM (5%), DM (15%), systemic
lupus erythematodes (14–20%), and especially
Sjögren’s syndrome (23–36%) show a high rate of
cytosolic 5’-nucleotidase 1A (cN1A) antibodies
[28

&

,29
&

].
So far, it is unclear if the autoantibody status is

useful to distinguish different IBM subtypes, for
example, a more severe phenotype. Some authors
describe a higher adjusted mortality risk in patients
with cN1A antibody positivity [30

&

], whereas others
did not identify a relevant difference between these
two groups of IBM patients [28

&

,31
&

]. The response
rate to immunosuppressive treatment did also not
differ significantly between antibody-positive and
negative patients [31

&

].
Histopathologically, antibody-positive patients

tend to have increased cyclooxygenase-deficient
muscle fibers [30

&

] and a lower frequency of rimmed
vacuoles [28

&

]. In-vitro and in-vivo exposure to
immunoglobulin G from cN1A-positive patients
led to p62-aggregates in rhabdomyosarcoma cells
and in muscle fibers of injected mice [31

&

].
Testing for antibody status in suspected IBM can

be of diagnostic value, as demonstrated in suggested
diagnostic algorithms [32]. Despite some implica-
tion for diagnosis, the pathogenic relevance of cN1A
antibodies in IBM remains open and is currently
studied by several groups.
Health, Inc. All rights reserved.
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FIGURE 1. Model of IBM pathogenesis, initial damage to the muscle because of a potential infection or other inflammatory
stimulus may, in case of a distinct genetic predisposition, cause chronic inflammation and subsequent protein dyshomeostasis in
the skeletal muscle. Protein accumulation and inflammation are interlinked by cell stress mechanisms, which can fuel a vicious
cycle with an ultimately irreversible degeneration of the muscle. Endogenous regulators of chaperons or formation of vacuoles
may alleviate the cell stress. By contrast, upon autophagic processing, endogenous antigens presented via MHC class II may
augment the inflammatory cell stress. Adapted with permission [39]. APP, amyloid precursor protein; HMGB, high mobility group
box; HSP, heat shock protein; MHC, major histocompatibility complex; RAGE, receptor for advanced glycation end products.
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PATHOMECHANISMS
The coexistence of two very different hallmarks,
inflammation and myodegeneration, explains
the complexity of the pathogenesis of IBM. Inflam-
mation with autoaggressive T cells attacking
nonnecrotic fibers, upregulation of major histocom-
patibility complex (MHC) class I antigens, and an
upregulation of inflammatory mediators is accom-
panied by a myodegenerative disease with protein
accumulation, vacuolization, and mitochondrial
changes [33–35,36

&&

]. There are several links be-
tween inflammatory and degenerative pathome-
chanisms, such as intracellular nitric oxide or
impaired autophagy [37,38] (Fig. 1). However, the
precise interplay of degenerative and inflammatory
mechanisms has so far remained elusive.

Since the initial description of virus-like inclu-
sions in IBM four decades ago, it has been speculated
that viruses might play a role in the pathogenesis
of IBM. In general, it is conceivable that antiviral
response mechanisms will affect self-tolerance,
 Copyright © 2017 Wolters Kluwe
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autoantigen recognition, and/or chronic stimula-
tion of low affinity, autoaggressive effector cells
such as cluster of differentiation (CD)8þ T cells.
Despite manifold efforts, no study so far provides
sufficient evidence of a direct attack in IBM
affected muscle fibers [40]. However, an increased
incidence of IBM in Hepatitis C virus-infected
patients was recently described [41]. Presence of
human leukocyte antigen (HLA)-A� 0201-HIV-
gag-positive endomysial T cells has been demon-
strated in IBM muscle samples [42]; However, the
HIV gag antigen was found only in macrophages,
but not in muscle fibers. A recent study on HIV-
positive patients with myositis demonstrated typi-
cal features of IBM-like rimmed vacuoles and finger
flexor weakness [43]. Interestingly, the cN1A auto-
antibody was present in 64% of the HIV patients
with myositis. Taken together, a pathogenic role of
a putative viral trigger of autoimmunity in IBM
cannot be ruled out, but more conclusive data
are warranted.
r Health, Inc. All rights reserved.
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The autophagic machinery in skeletal muscle is
capable of removing misfolded proteins. In IBM, it
could be demonstrated that accumulated amyloid
precursor protein (APP) and Ab are targeted for
lysosomal degradation via macroautophagy [44].
Furthermore, the proinflammatory cytokines tumor
necrosis factor-a, and interleukin-b in combination
with interferon (IFN)-g have been shown to cause an
upregulation of the autophagic activity in cultured
myoblasts [38,45]. Antigen presentation via MHC II
has been shown to be regulated by the autophagic
machinery, serving as an interesting link between
inflammation and degeneration in IBM disease [46].
In a recent study, proteomic analysis revealed accu-
mulation of FYVE and coiled-coil protein (FYCO)1
in rimmed vacuoles [47]. Further analysis showed
overexpression of rare missense variants of FYCO1
in IBM patients, leading to an impaired autophagic
function. In another approach to identify genetic
risk factors for IBM, missense pathogenic variants of
the valosin containing protein and p62/SQSTM1
have been found by whole-exome sequencing in
181 IBM patients [48]. Both molecules are involved
in autophagosome maturation and degradation.
These genetic data support the hypothesis of an
underlying defect of autophagosome function in
IBM, which could be a crucial prerequisite in IBM
pathogenesis in that an inflammatory stimulus can
trigger a chronic cell stress response which drives a
vicious cycle with upregulation and overloading of
the autophagic machinery. Such predisposing fac-
tors could act together with HLA alleles such as
DRB1�0301, which has been demonstrated to be
associated with a more severe disease course of
IBM [32].
TREATMENT

Despite the pronounced inflammatory features on
muscle biopsy, immunosuppressive or immuno-
modulatory drugs such as glucocorticosteroids, aza-
thioprin, methotrexate, or IFN-b are not effective in
IBM and studies with etanercept and anakinra failed
to demonstrate an improvement [5,49–54]. Alem-
tuzumab, a lymphocyte-depleting antibody against
CD52, led to a transient improvement in some
patients in an unblined proof of concept study
[55]. In a subsequent post hoc analysis, a down-
regulation of inflammatory markers was noted with-
out an effect on degenerative molecules, which
could possibly explain the insufficient long-term
effect of this drug [56]. In view of the small sample
size and open-label design of this study, the results
need to be interpreted with care. Comparable
results were obtained in a post hoc analysis of biop-
sies from a placebo-controlled trial with intravenous
 Copyright © 2017 Wolters Kluwer 
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immunoglobulin G (IVIG) and prednisolone, which
down-modulated inflammatory mediators, but
failed to block nitric oxide stress in the muscle
and in a corresponding in-vitro model [57]. As im-
munosuppression generally fails in IBM, treatment
with glucocorticosteroids or other immunosuppres-
sants is not recommended, particularly in view
of the potential side-effects. Treatment with immu-
noglobulin G – either intravenously or subcutane-
ously – can be associated with a stabilization or even
transient, mild improvement of muscle strength
and particularly an improved dysphagia in several
IBM patients [58,59] and own observations (unpub-
lished data). Therefore, particularly in patients with
relevant dysphagia, a probatory treatment with IVIG
can be justifiable in selected patients [60] (see below
for details).

Aside from immunosuppressive or immuno-
modulatory strategies, drugs with alternate mecha-
nisms of actions have failed in small clinical studies
including oxandrolone, an anabolic steroid [61],
and simvastatin, a cholesterol lowering agent [62].
Lithium as a drug that reduces phosphorylation of
APP, increases proteasome activity and inhibits gly-
cogen synthase kinase 3b in APP – overexpressing
cultured human muscle fibers is currently tested in a
clinical trial. Arimoclomol, a drug already tested in
amyotrophic lateral sclerosis [63], ameliorated the
disease course and improved muscle strength in
mutant valosin-containing protein mice, which de-
velop an inclusion body myopathy [64

&

]. Within the
same report, the drug appeared to be well tolerated
in a clinical concept study in IBM patients. A large
placebo-controlled study is currently underway. For
the future, it may be of interest to design studies that
target inflammation and degeneration at the same
time [60,65,66]. For this reason, it is imminent to
better understand the unique interplay between
inflammation, cell stress pathways, and accumula-
tion of aberrant proteins in the disorder (see above).

Targeting the impaired regeneration potential
in IBM has been put into focus by blocking the
binding of myostatin to its receptor activin RII.
Activation of this pathway leads to inhibition of
muscle growth with phosphorylation and activation
of downstream effectors of the activin RII receptor
[67]. In a proof of concept trial with 14 IBM patients,
an increased thigh muscle volume on MRI and
improvement in the 6-min walking test was ob-
served [68]. However, the subsequent double blind
placebo-controlled trial did not meet its primary
endpoint (data not published yet).

Another potent inhibitor of myostatin is folli-
statin, delivered by an adenovirus-mediated gene
therapy. In a proof of concept trial with six IBM
patients, this vector was directly injected into the
Health, Inc. All rights reserved.
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quadriceps muscle. All of the treated patients im-
proved in 6-min walking test compared with an
untreated control group [69

&

]. A placebo-controlled
trial would be required to determine the efficacy.
TREATMENT OF DYSPHAGIA

Dysphagia in IBM is thought to be caused by an
upper esophageal sphincter dysfunction due to an
impairment of suprahyaloidual muscles [10

&

,12].
Treatment with cricopharyngeal myotomy or
pharyngoesophageal balloon dilatation showed a
reasonable benefit in a small group of patients
[70,71]. A more recently published study revealed
that most of the patients have an abnormal hyola-
ryngeal excursion and would, therefore, not benefit
from this procedure [72]. In several case series, local
injection of botulinum toxin into the upper esopha-
geal sphincter was effective in improving dysphagia
[70,73]. IVIG led to a relevant improvement of
dysphagia in clinical trial settings [50,74]. Based
upon our own observations, selected patients may
respond surprisingly well and may display an im-
provement of dysphagia for several months to years.
Treatment approaches for dysphagia in muscle dis-
orders have recently been evaluated in a Cochrane
review [75].
CONCLUSION

In recent years, a range of new aspects have been
addressed in the field of IBM with respect to epide-
miology, diagnostic criteria, pathomechanisms, and
novel treatment approaches. So far, no effective
pharmacological therapy has been identified. A bet-
ter understanding of the complex disease and possi-
ble predisposing genetic factors will be crucial to
develop successful treatment strategies. The devel-
opment and evaluation of reliable diagnostic criteria
will help to identify suitable patients for future
clinical trials.
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 CURRENT
OPINION Genetics in inclusion body myositis

Simon Rothwella, James B. Lillekera,b, and Janine A. Lambc

Purpose of review

To review the advances in our understanding of the genetics of inclusion body myositis (IBM) in the past year.

Recent findings

One large genetic association study focusing on immune-related genes in IBM has refined the association
within the human leukocyte antigen (HLA) region to HLA-DRB1 alleles, and identified certain amino acid
positions in HLA-DRB1 that may explain this risk. A suggestive association with CCR5 may indicate genetic
overlap with other autoimmune diseases. Sequencing studies of candidate genes involved in related
neuromuscular or neurodegenerative diseases have identified rare variants in VCP and SQSTM1. Proteomic
studies of rimmed vacuoles in IBM and subsequent genetic analyses of candidate genes identified rare
missense variants in FYCO1. Complex, large-scale mitochondrial deletions in cytochrome c oxidase-
deficient muscle fibres expand our understanding of mitochondrial abnormalities in IBM.

Summary

The pathogenesis of IBM is likely multifactorial, including inflammatory and degenerative changes, and
mitochondrial abnormalities. There has been considerable progress in our understanding of the genetic
architecture of IBM, using complementary genetic approaches to investigate these different pathways.

Keywords

degeneration, genetic association study, genetics, inclusion body myositis, mitochondria, sequencing

INTRODUCTION

Sporadic inclusion body myositis (IBM) is the most
common acquired muscle disease presenting in
people over 50 years of age. Clinically, it is charac-
terized by slowly progressive weakness and muscle
wasting predominantly of the quadriceps and long
finger flexor muscles.

In IBM, inflammatory features in muscle biopsy
specimens suggest an immune-mediated compo-
nent to disease pathogenesis. In addition, circulat-
ing anti-Ro autoantibodies may be found in around
20% of patients and recent work has identified
cytosolic 50-nucleotidase 1A (anticN-1A) autoanti-
bodies in around one-third of patients. However,
unlike other idiopathic inflammatory myopathies
(IIMs), such as polymyositis and dermatomyositis,
IBM is unresponsive to conventional immuno-
suppressive treatments. This lack of response may
be explained by evidence of impaired autophagic
processes, including rimmed vacuole formation and
the accumulation of misfolded proteins. Whether
these degenerative processes represent a primary or
secondary involvement is unclear.

Some hereditary diseases may mimic clinical fea-
tures of IBM. These diseases may also exhibit similar
pathological features, such as rimmed vacuoles and
protein accumulations [1,2]. These disorders are

sometimes referred to as hereditary IBM (hIBM),
but are better described using the associated genetic
abnormality. Genes involved with these ‘rimmed
vacuolar myopathies’ will not be discussed here,
but have been reviewed previously [3,4].

Although the primary cause of IBM remains
unknown, genetic factors likely influence disease
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KEY POINTS

� There is evidence that the pathogenesis of IBM is
multifactorial, including inflammatory and degenerative
changes, and mitochondrial abnormalities.

� The strongest genetic risk lies within the HLA region,
and there is evidence that other immune-related genes
are associated with IBM.

� Candidate gene sequencing studies have identified rare
variants in VCP, SQSTM1 and FYCO1 suggesting
impaired autophagy as a mechanism in IBM
pathogenesis.

� Mitochondrial DNA deletions in COX-deficient muscle
fibres correlate with T-lymphocyte infiltration and
muscle fibre atrophy, suggesting a mechanistic link
between these inflammatory and degenerative disease
processes.

FIGURE 1. Strategies for identifying genetic variants in IBM.
Rare causal variants of high effect size are expected in
Mendelian diseases such as hIBM. Genetic variants
contributing to IBM susceptibility are expected to have a
more modest effect size. Low-frequency variants of
intermediate effect sizes will likely be found using
sequencing studies. Common variants of low effect size will
be detectable by well-powered genetic association studies.
hIBM, hereditary IBM; IBM, body myositis.

Myositis and myopathies
susceptibility. This article reviews advances that
have been made in the past year in our understand-
ing of the genetic component of IBM and potential
future approaches for research in this rare disease.
APPROACHES IN GENETIC STUDIES

There has been considerable progress in our under-
standing of the genetic basis of IBM. Two different
approaches have been used recently in IBM; large
genetic association studies and smaller targeted
sequencing studies.

The study design of genome-wide association
studies (GWAS) and contemporary genetic associa-
tion studies frequently test hundreds of thousands,
if not millions, of single nucleotide polymorphisms
(SNPs) across the genome. Results from GWAS in
autoimmune diseases suggest that most associated
variants reside in regulatory regions, exerting their
low effect sizes (odds ratio<1.1) on the expression of
immune-mediated genes [5,6]. The combination of
the burden of multiple testing and modest effect
sizes of associated SNPs means that studies in rare
diseases are hampered by low power because of small
sample size. Success will depend on the presence of
common variants of modest effect sizes (Fig. 1).

Other approaches to investigate the genetic
component of IBM have relied on detecting rarer
variants through sequencing studies that common-
ly involve fewer individuals than GWAS. To date,
these have focused on candidate genes taken from
related neuromuscular or neurodegenerative dis-
eases. However, novel approaches are also being
used, including targeting of genes identified in
proteomic studies. Variants discovered through
these studies likely will be rarer, with a larger effect
 Copyright © 2017 Wolters Kluwer 
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size than those discovered by GWAS. Therefore,
GWAS and sequencing approaches test complemen-
tary hypotheses to investigate the genetic architec-
ture of IBM.
IMMUNE-RELATED GENES IN INCLUSION
BODY MYOSITIS

There are multiple lines of evidence for inflamma-
tion as a key pathway in the pathogenesis of IBM.
These include the presence of CD8þ cytotoxic T cells
surrounding major histocompatibility complex
(MHC) class I-expressing fibres [7], the presence of
plasma cells within affected muscle [8], IBM specific
and nonspecific autoantibodies [9,10] and a strong
genetic association with the human leukocyte anti-
gen (HLA) region [11–13]. Recent studies suggest
that several autoimmune diseases, including the
IIMs, share genetic overlap for susceptibility to
disease [14,15]. In line with this evidence, a recent
study hypothesized that there may be shared
immune loci associated with IBM [16

&&

].
Through the international Myositis Genetics

Consortium (MYOGEN), 252 patients with IBM
were recruited and genotyped on the Illumina
Immunochip array. This SNP array contains cover-
age of 186 established autoimmune susceptibility
loci and extended coverage across the MHC. The
strongest associations with IBM were seen within
the MHC, therefore imputation was used specifically
to investigate classical class I and class II HLA alleles
that may be explaining the risk in this region. Three
Health, Inc. All rights reserved.
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HLA-DRB1 alleles were found to be independently
associated with IBM; HLA-DRB1�03 : 01, HLA-
DRB1�01 : 01 and HLA-DRB1�13 : 01. Although
HLA-DRB1�03 : 01 is known to be associated with
polymyositis and dermatomyositis, the association
with HLA-DRB1�01 : 01 and HLA-DRB1�13 : 01 is
unique to IBM within the IIMs. Unlike many other
diseases [14,17,18], it is interesting to note that the
association of IBM with HLA is localized to HLA-
DRB1. Although this may be due to low power to
detect other HLA genes, it is in keeping with previ-
ous studies in IBM [12,19]. One potential explana-
tion for risk shared across multiple HLA alleles is an
amino acid ‘signature’ that may confer risk. When
analyzing amino acid positions within HLA-DRB1,
positions 26 and 11, located within the peptide
binding groove, were associated with IBM. The
strongest associations were with amino acids pres-
ent on classical risk haplotypes, such as a tyrosine at
position 26, predominantly carried on HLA-DR3
alleles. Functional research is needed to elucidate
whether the association within this gene can be
explained by these amino acids. Other candidate
genes within the MHC were not investigated in this
study, for example NF-kB genes, TNFA and NOTCH4
[20–22]. NOTCH4 has been associated previously
with IBM, although because of the strong linkage
in this region, it is not clear whether it is directly
involved in disease or associated because of carriage
on classical HLA-risk haplotypes.

Potential genetic associations within the HLA
region were also investigated for the development of
anticN-1A (NT5c1A) antibodies, a recently described
autoantibody common in IBM. A significant associ-
ation was seen with HLA-DRB1�03 : 01 when com-
pared to healthy controls; however, there was no
difference when 35 anticN-1A positive patients were
compared to 68 anticN-1A negative IBM patients
[16

&&

]. This suggests that there is no strong HLA
association with the antibody over and above the
general association with HLA-DRB1�03 : 01 in IBM.
Similarly, a study in 24 anticN-1A positive IBM
patients did not detect a unique HLA class II associ-
ation independent of HLA-DR3 [23].

In the total IBM analysis, no loci outside the
MHC reached genome wide significance [16

&&

].
However, three other loci reached a suggestive level
of significance, one of which was assigned to the
CCR5 gene. The authors hypothesize that the
protective effect of this association may be due to
a frameshift mutation in CCR5 which inhibits its
function as a chemokine receptor involved in T-cell
migration. CCR5 previously has been associated
with other autoimmune diseases lending support
to the hypothesis of an immune-mediated compo-
nent to IBM [24].
 Copyright © 2017 Wolters Kluwe
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SEQUENCING STUDIES IN INCLUSION
BODY MYOSITIS
Evidence for a degenerative component of IBM
pathogenesis includes the formation of rimmed
vacuoles and accumulation of misfolded proteins
such as b-amyloid, p62, TDP43 and phosphorylated
tau. To date, candidate gene studies mostly have
focused on genes known to be associated with
neurodegenerative diseases such as Alzheimer’s
disease, Parkinson’s disease and amyotrophic lateral
sclerosis (ALS). Genes investigated include amyloid
b precursor protein, microtubule-associated protein
tau, a-1-antichymotrypsin (SERPINA3), prion pro-
tein and C9orf72. However, these studies have failed
to find significant associations [4]. A well-studied
locus is Apolipoprotein E (APOE) -‘translocase of
outer mitochondrial membrane 40’ (TOMM40)
[25–27], and although a recent study showed no
significant associations with risk of developing IBM,
a potential association with later onset of symptoms
was reported [28]. Another negative study investi-
gated genetic variants within autoantibody targets
such as cN1A or cN1B [29]. One large candidate gene
sequencing study reported, among others, two rare
variants in the valosin-containing protein gene
(VCP) [30]. Variants in VCP cause IBM associated
with Paget’s disease of the bone (PDB) and fronto-
temporal dementia (FTD); however, neither patient
in this study manifested other symptoms reported
with VCP mutations and both fulfilled the diagnos-
tic criteria for IBM.

A recent study used whole exome sequencing
(WES) in 181 IBM patients focusing on p62, also
named sequestosome 1 (SQSTM1), and VCP genes,
both of which are known to harbour genetic variants
associated with ALS, PDB and FTD [31

&&

]. They re-
port four rare missense variants in SQSTM1 and three
variants in VCP. This represented 4.0% of the
cohort, and is the first time potential pathogenic
variants in SQSTM1 have been observed in IBM
patients. As these variants may cause diseases that
mimic IBM, it was confirmed that none of these
patients had developed symptoms of PDB, FTD or
ALS and all fulfilled diagnostic criteria for IBM. As
SQSTM1 is involved in the autophagy pathway, and
VCP is involved in proteasomal degradation of
misfolded proteins, this further supports the role
of autophagic alterations and aggregation of
proteins in the pathogenesis of IBM. These studies
suggest that there is merit in the targeted sequenc-
ing of genes previously associated with hIBM and
other inherited muscle disorders.

Rather than using related diseases, a novel way
of identifying candidate genes is using proteomic
analysis. We know that p62/SQSTM1 accumulates in
inclusions of IBM muscle fibres [32]. A recent study
r Health, Inc. All rights reserved.
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sought to identify other proteins present in the
rimmed vacuoles in skeletal muscle of IBM patients
by mass spectrometry [33

&&

]. Two hundred and
thirteen proteins showed a statistically significant
overrepresentation in rimmed vacuole samples
compared to controls. Many proteins already known
to be involved in IBM or other protein aggregate
myopathies overlap with the proteins identified,
validating this approach. The 173 novel proteins
not described before in IBM warrant further investi-
gation. Proteins that were present in at least 50% of
rimmed vacuole samples (131 genes) were taken
forward for genetic analysis using WES data from
62 patients with IBM. Hundred missense or loss of
function variants were identified in 52 genes.
Genetic data from ALS patients were then used to
identify variants statistically enriched that are
specific to IBM. Rare missense or loss of function
variants in FYCO1 were enriched in IBM patients
(11.3%) compared to ALS patients (2.6%, P¼0.003)
or healthy controls (3.4%, P¼0.01). FYCO1 is
involved in autophagosome/endosome trafficking.
Along with the VCP and SQSTM1 associations
described above, this provides further evidence for
autophagosome processing as a basis for future
mechanistic studies. Novel treatments targeting
protein dyshomeostasis are currently in develop-
ment [34].

In contrast to the studies outlined above, a
smaller sequencing study from Finland did not find
any rare missense genetic variants [35]. This study
sequenced the exomes of 30 patients from Finland
and a replication cohort of 12 patients from Italy,
with the hypothesis that the genetically more
homogeneous Finnish population would be condu-
cive to identifying genetic risk variants. Initially, a
candidate gene approach on WES data was taken,
focusing on 180 genes including those known to
cause hereditary primary myopathies as well as 42
novel candidate genes [36]. No rare missense var-
iants in SQSTM1 and VCP were found, or in genes
that would explain the observed clinical phenotype.
A subsequent case�control association analysis
identified seven SNPs enriched in the Finnish IBM
population with P<0.005. Reassuringly, two of
these were within the HLA region; however, the
other associations were in novel genes; STARD3,
SGPL1 and SETD4. Results from a small association
study are to be treated with caution, and will need to
be replicated.

As discussed above, associations with VCP,
SQSTM1 and FYCO1 validate the use of a sequencing
approach, and have given us greater mechanistic
insight in to IBM cause. It is worth noting, however,
that in all of these cases, patients lacked a family
history of IBM or weakness, indicating that these
 Copyright © 2017 Wolters Kluwer 
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inherited variants alone are not sufficient for disease
pathogenesis. There are likely many more variants
that predispose to IBM. Identification of novel genes
will come from WES and whole genome sequencing
(WGS) studies that detect rarer coding variants with
potentially larger effect size. Additional WES studies
in IBM are currently being undertaken [37]. Future
studies will employ WGS, which comprehensively
covers the genome including regulatory regions,
intronic regions and structural variations that
may be missed by WES. WGS studies, however,
are still expensive, with the huge amount of data
produced being complex, and computationally
expensive to analyse and store.
MITOCHONDRIAL DNA DELETIONS

Cytochrome c oxidase (COX)-deficient muscle
fibres are a common histopathological feature of
IBM, and there is increasing evidence that mito-
chondrial abnormalities may play a role in the cause
of this disease. Recent research has shown increased
mitochondrial DNA (mtDNA) deletions in COX-
deficient muscle fibres, and that the proportion of
these deficient fibres correlates with severity of
T-lymphocyte infiltration and muscle fibre atrophy
suggesting a mechanistic link between these disease
processes [38,34]. In addition, a recent study in IBM
has implicated a number of nuclear DNA genes that
are associated with transcription, replication and
maintenance of mtDNA [39].

Myofibres may harbour clonally expanded
large-scale mtDNA deletions responsible for respira-
tory chain deficiency that is thought to be central to
IBM pathogenesis [40,41]. Previous works reporting
mtDNA deletions have been based on a small num-
ber of mtDNA genes, and were focused on single
major arc deletions. A recent study sought to char-
acterize mtDNA deletions in more detail in patients
with IBM [42

&

]. mtDNA rearrangements were inves-
tigated in single muscle fibres from patients with
IBM using complementary techniques. The authors
confirmed the presence of mtDNA deletions in 78
out of 92 (�85%) COX-deficient cells, but demon-
strated that mtDNA rearrangements in IBM are more
complex than previously assumed. The authors
showed for the first time that 20% of COX-deficient
cells harboured two or more mtDNA deletions. In
addition, some unusually large deletions were
detected that extended into the origin of light
strand replication.

Further evidence for mitochondrial dysfunction
in IBM is provided by research that sought to
characterize mitochondrial phenotype at a genetic,
molecular and functional level in 30 IBM patients
[43

&

]. The authors also compared mitochondrial
Health, Inc. All rights reserved.
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FIGURE 2. A proposed model for the pathogenesis of IBM. Inflammation within muscle (Box 1) may induce fibre injury and
HLA-I overexpression. Overloaded protein degradation systems (Box 2) induce misfolded protein deposits in muscle fibres. ER,
endoplasmic reticulum; UPR, unfolded protein response. Figure adapted from [44].

Genetics in inclusion body myositis Rothwell et al.
differences between muscle and peripheral blood
mononuclear cells (PBMCs) in IBM cases and con-
trols to assess whether these alterations could be
used as biomarkers in a less invasive tissue. Multiple
mtDNA deletions were found in the muscle of 57%
patients, and while there was a significant decrease
in total mtDNA in muscle, the decrease was less
pronounced in PBMCs. This may be attributed to
shorter lifespan of PBMCs and thus reduced accu-
mulation of mitochondrial deficiencies. The
authors found that mitochondrial COX activity
was decreased in both muscle and PBMCs suggesting
that mitochondrial dysfunction may not be con-
fined to the target tissue of the disease.

CONCLUSION
There has been considerable progress in our under-
standing of the genetic architecture of IBM.
 Copyright © 2017 Wolters Kluwe
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Evidence suggests a complex interplay between
inflammatory and degenerative processes and mito-
chondrial abnormalities. A model starting with
inflammation within muscle and subsequent depo-
sition of amyloid and other proteins because of
overloaded protein degradation systems has been
proposed by Benveniste et al. in Fig. 2 [44]. Comple-
mentary approaches to investigate these hypotheses
have been used successfully in IBM. Investigating
the effect of common variants on disease suscepti-
bility in rare diseases will rely in part on continuing
sample collection by coordinated international col-
laborations, including different ethnicities that will
facilitate larger studies. In addition, novel statistical
methods are being developed that leverage the pow-
er from larger datasets in related diseases because of
the similarities in genetic susceptibility [45]. WES
and WGS studies will identify novel variants across
r Health, Inc. All rights reserved.
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the genome and may uncover previously over-
looked biological processes to further expand our
knowledge of the genetic component of IBM.
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OPINION Biologics for idiopathic inflammatory myopathies
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Purpose of review

As treatment of refractory cases of idiopathic inflammatory myopathies (IIMs) has been challenging, there is
growing interest in assessing novel biologics that target various pathways implicated in the pathogenesis of
IIM.

Recent findings

In the largest clinical trial in adult and juvenile IIM assessing the effectiveness of rituximab, the primary
outcome was not met but 83% of this refractory group of IIM patients met a predefined definition of
improvement and rituximab demonstrated a significant glucocorticoid-sparing effect. Antitumor necrosis
factor utility in IIM is generally limited by uncertain efficacy data along with recent reports suggesting their
potential for inducing systemic autoimmune disease including IIM.

Summary

Further research is required to evaluate the role of newer therapies such as tocilizumab (anti-interleukin-6),
abatacept (inhibition of T-cell costimulation), sifalimumab (anti-interferona) and ruxolitinib, (Janus kinase
inhibitor) given their biological plausibility and encouraging recent small case series results. Future clinical
trials should consider the targeting of biomarkers implicated in the etiopathogenesis of IIM, predictive
factors of treatment response, recent revisions in IIM classification criteria, as well as newly developed
data-driven response criteria which employ validated core set measures.

Keywords

biologic agents, dermatomyositis, idiopathic inflammatory myopathy, myositis, polymyositis, treatment

INTRODUCTION

The idiopathic inflammatory myopathies (IIMs) are
a group of heterogeneous, systemic autoimmune
rheumatic diseases that include adult polymyositis,
adult dermatomyositis, myositis associated with
other systemic autoimmune rheumatic diseases or
malignancy, juvenile myositis [Juvenile Dermato-
myositis (JDM) and juvenile polymyositis], inclu-
sion body myositis and necrotizing myopathy.

The treatment of IIM has been very challenging.
The reasons include low incidence and prevalence
of IIMs, their variable and heterogeneous clinical
phenotypes and the small number of randomized,
double-blind controlled clinical trials [1–4]. Tradi-
tional treatment approaches include glucocorti-
coids and conventional immunosuppressive or
immunomodulatory agents such as methotrexate,
azathioprine,mycophenolate mofetil, tacrolimus, cy-
closporine and intravenous immunoglobulin (IVIg).
Some patients experience disease recurrences during
or after conventional therapy and some do not have
complete response which may present therapeutic
challenges. Therefore, there has been growing inter-
est in assessing novel and targeted therapies such as
biologics that target various pathways involved in the

etiopathogenesis of IIM. Biomarkers implicated in
the pathogenesis of IIM have been explored using a
variety of techniques including cytokine/chemokine
analyses, advanced immunohistochemistry and flow
cytometry, microarrays and RNA-sequencing analy-
sis. In addition, novel classification schemes for IIM
based on serologic and histopathologic features will
improve the design of clinical trials and facilitate
human enrollment [5,6].

Over the past several years, data-driven and
consensus core set measures (CSMs) have replaced
nonstandardized muscle strength and functional
assessments for evaluation of IIM disease activity
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KEY POINTS

� The treatment of refractory IIMs can be challenging and
efficacy data on biologic agents remain limited.

� In the largest randomized, double-blind, controlled
clinical trial in IIM [the RIM trial), the DOI was met by
83% of refractory IIM patients.

� The efficacy data of rituximab therapy specific to IIM-
ILD are limited to uncontrolled studies, but recent case
series have reported promising results.

� Additional well-designed controlled trials are required
to develop an evidence-based approach to the
treatment of IIM and IIM-ILD using novel biologics
including tocilizumab (anti-IL6), abatacept (inhibition of
T-cell costimulation), sifalimumab (anti-IFNa) and
ruxolitinib (Janus kinase inhibitor).

Myositis and myopathies
and damage. In particular, two international groups,
the International Myositis Assessment and Clinical
Studies (IMACS) Group and the Pediatric Rheuma-
tology International Trials Organization (PRINTO),
have defined and validated consensus CSMs for
adult and pediatric populations [7–9]. These CSMs
along with active international initiatives to devel-
op both data-driven and consensus-driven response
criteria will assist in studying novel therapies in a
more systematic fashion [10].

In this article, we review the novel biologics used
for treating polymyositis and dermatomyositis, nec-
rotizing myopathy or overlap myositis syndromes
and IIM-associated interstitial lung disease (ILD).
RITUXIMAB

Rituximab, a B-cell depleting agent, is a monoclonal
antibody against the CD20 antigen on B lympho-
cytes. The efficacy of rituximab in refractory IIM has
been suggested in several small case reports and case
series [11–15]. In a small, open-label, uncontrolled,
pilot trial of rituximab therapy (4 weekly IV doses) in
six treatment-resistant dermatomyositis patients, all
individuals had major clinical improvement in mus-
cle strength and rash [16]. In another small open-
label trial of rituximab in four patients with refrac-
tory polymyositis, all patients demonstrated return
of full muscle strength and significant decline in
serum total creatine kinase (CK) levels [17]. Howev-
er, in another open-label trial of rituximab in eight
patients with dermatomyositis, cutaneous disease
(skin scores based on Dermatomyositis Skin Severity
Index) and total CK levels did not significantly
change from those at baseline and only three
patients demonstrated modest improvement in
muscle strength [18].
 Copyright © 2017 Wolters Kluwer 
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In the largest randomized, double-blind, con-
trolled clinical trial in IIM [the Rituximab in Myosi-
tis (RIM) trial], 195 patients (75 with polymyositis,
72 with dermatomyositis and 48 with JDM; all
refractory to glucocorticoid therapy and at least
one immunosuppressive drug) were randomized
to receive two 1 g rituximab infusions either at
baseline or 8 weeks later [1]. Entry criteria included
fairly significant muscle weakness (not required in
the JDM patients) and at least two additional abnor-
mal CSMs for adults and at least three abnormal
CSMs with or without muscle weakness for the
pediatric individuals. Glucocorticoid and/or immu-
nosuppressive therapy were allowed at study entry.
The primary end point was the time to achieve the
IMACS definition of improvement (DOI) which was
compared between the rituximab early and rituxi-
mab late groups. Secondary end points included the
time to achieve at least 20% improvement in muscle
strength and the proportions of patients in the early
and late rituximab groups achieving the DOI at
week 8 (the time-point at which one-half of the
individuals had received B-cell depleting therapy
8 weeks earlier, whereas the other one-half of indi-
viduals received placebo). Although the early ritux-
imab group demonstrated no faster response to
therapy than the group receiving rituximab later
(failing to meet the primary outcome), the DOI
was met by 83% of this refractory group of IIM
patients with a median time to achieving the DOI
of 20 weeks. Rituximab was also associated with a
significant steroid-sparing effect as the mean pred-
nisone dose decreased from 20.8 mg at baseline to
14.4 mg daily at the end of the clinical trial. In
addition, patients who initially met the DOI and
who were subsequently retreated with rituximab
after a disease flare responded to rituximab retreat-
ment. Rituximab therapy was generally well
tolerated and the most common adverse effects were
infections. Additional studies derived from the RIM
trial data demonstrated that the presence of anti-
synthetase and anti-Mi-2 autoantibodies along with
the JDM subset, and lower disease damage were
strong predictors of clinical improvement and
response to B-cell depletion therapy with rituximab
[19]. In a more recent analysis of the RIM trial
data, significant improvements were noted in
cutaneous disease activity after the addition of
rituximab to the standard therapy in adult derma-
tomyositis and JDM individuals [20

&&

]. The cutane-
ous visual analog scale activity improved in adult
dermatomyositis (3.22–1.72, P¼0.0002) and JDM
(3.26–1.56, P<0.0001), with erythroderma, ery-
thematous rashes (without secondary changes of
ulceration or necrosis), heliotrope, Gottron sign
and papules improving most prominently.
Health, Inc. All rights reserved.
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The efficacy data of rituximab therapy specific to
IIM-ILD are limited to uncontrolled studies [13,14].
In a recent retrospective study of 50 patients with
severe, progressive ILD (10 with IIM-ILD), rituximab
therapy was associated with a median improvement
in forced vital capacity (FVC) of 6.7% (P<0.01) and
stability of the diffusing capacity of the lungs for
carbon monoxide [(DLCO); 0% change; P<0.01] in
the 6–12-month period after rituximab use [21].
Among the systemic autoimmune rheumatic disease
(SARD)-ILD patients included in this study, the best
results were observed in patients with IIM-ILD as five
of the 10 (50%) patients demonstrated an increase in
their FVC more than 10% and/or an increase in their
DLCO more than 15%, as compared to four out of 22
(18.2%) patients with other SARD-ILDs (P¼0.096).
In a more recent retrospective study from Norway,
24 patients with antisynthetase syndrome and severe
ILD with more than 12 months follow-up (median
52 months) postrituximab therapy were identified
[22]. The median percentage of predicted FVC, forced
expiratory volume in 1 s (FEV1) and DLCO increased
by 24, 22 and 17%, respectively, postrituximab. The
best outcome (>30% improvement in all three pul-
monary function testing parameters) was observed in
seven patients with a disease duration less than
12 months and/or an acute onset/exacerbation of
ILD. High-resolution CT (HRCT) findings (extent of
ILD prerituximab and postrituximab was scored and
expressed as a percentage of total lung volume) dem-
onstrated a median 34% reduction in ILD extent
postrituximab. Manual muscle testing (MMT8 score)
also increased postrituximab therapy and the total
CK significantly declined as well. All individuals
demonstrated a decrease in their anti-Jo-1 levels by
a median of 33% (P<0.008). One limitation of the
study was combined therapy with another immuno-
suppressive agent as 10 of the 12 patients also re-
ceived cyclophosphamide making it difficult to
attribute the response to rituximab therapy alone.
There were seven deaths among the 34 rituximab-
treated patients (mortality rate comparable to that of
the remaining antisynthetase cohort), six with infec-
tions (including three with Pneumocystis jirovecii
pneumonia). In a recent multicenter, open-label,
phase II trial, 10 antisynthetase antibody-positive
patients with IIM and ILD refractory to traditional
treatments (prednisone and at least two immunosup-
pressive agents) received 1 g of rituximab at day 0,
day 15 and after 6 months [23]. Seven patients dem-
onstrated an increase of at least four points on
MMT10 and the total CK level declined from
399 IU/l (range, 48–11 718) to 74.5 IU/l (range, 40–
47 857). Rituximab therapy was associated with a
significant steroid-sparing effect as the mean predni-
sone dose decreased from52.5 mg/day (range, 10–70)
 Copyright © 2017 Wolters Kluwe
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at baseline to 9 mg/day (range, 7–65) along with a
concomitant decrease in the associated immunosup-
pressive therapy. ILD improved in five and stabilized
in four based on FVC and/or DLCO, and decrease in
the burden of the associated immunosuppressive
therapy. In another recent retrospective study of
anti-Jo-1 antibody-positive patients, 17 received
rituximab and 30 patients were treated with conven-
tional immunosuppressive agents and followed for a
mean of 35 and 84 months, respectively [24

&

]. Sixteen
of the 17 receiving rituximab demonstrated a more
rapid and marked response. In contrast to conven-
tional immunosuppressive agents, response to ritux-
imab was independent of the anti-Ro52 antibody
status.
ANTITUMOR NECROSIS FACTOR AGENTS

In a series of five patients with dermatomyositis
refractory to glucocorticoid and cytotoxic therapy,
etanercept (25 mg subcutaneously twice a week for
at least 3 months) was associated with exacerbation
of muscle weakness, elevation of muscle enzyme
levels and unchanged dermatomyositis rash in all
patients [25]. In contrast, in a more recent random-
ized, double-blind, controlled trial of etanercept
(50 mg subcutaneously weekly for 52 weeks) in 16
dermatomyositis patients, etanercept therapy was
associated with a significantly longer median time
to treatment failure (358 vs. 148 days; P¼0.0002)
and a significantly lower average prednisone dose
after week 24 (1.2 vs. 29.2 mg/day; P¼0.02) [26].

A few anecdotal reports suggested the efficacy
for infliximab in IIM [27–29]. However, two patients
who initially appeared to respond to infliximab had
an exacerbation of their myositis and resuming
infliximab was associated with anaphylaxis and
the development of antidsDNA antibodies [30]. In
a larger retrospective series of eight patients with
refractory dermatomyositis or polymyositis, inflix-
imab use was associated with improved muscle
strength and fatigue but only a partial drop in
serum CK levels [31]. In a more recent pilot study
of 13 patients with refractory IIM, infliximab thera-
py (four infusions of 5 mg/kg body weight over
14 ‘weeks) was ineffective [32]. An unpublished
randomized controlled trial of infliximab in IIM
also failed to demonstrate efficacy [33]. A multicen-
ter, open-label, controlled trial of infliximab in
combination with weekly methotrexate in patients
with polymyositis or dermatomyositis was terminat-
ed prematurely because of a low inclusion rate and
high drop-out because of disease progression and
infusion reactions [34].

In general, anti-TNF therapy is not routinely
used in IIM in view of its unclear efficacy as
r Health, Inc. All rights reserved.
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well as the recent reports suggesting the potential
for inducing polymyositis and dermatomyositis
[35–38]. Anecdotally, anti-TNF agents may be help-
ful for the management of inflammatory arthropa-
thy in IIM patients.
TOCILIZUMAB

Since the approval of tocilizumab, an antagonist of
the interleukin-6 (IL-6) receptor, for the treatment
of rheumatoid arthritis, there has been growing
interest in evaluating its potential efficacy in other
systemic autoimmune rheumatic diseases including
myositis.

In the first report of tocilizumab use in IIM, two
patients with refractory polymyositis demonstrated
improvement in the total CK level and MRI of their
thigh muscles [39]. In another report, a 32-year-old
Japanese patient with an overlap syndrome, includ-
ing features of dermatomyositis (proximal muscle
weakness, heliotrope rash and Gottron sign) and
systemic sclerosis, inflammatory arthropathy and
CCP positivity (refractory to cyclosporine, IV cyclo-
phosphamide, IVIg, tacrolimus and combination
methotrexate and adalimumab) were treated with
tocilizumab which resulted in resolution of the
dermatomyositis rash and arthritis with gradual
improvement in the muscle weakness and CK eleva-
tion allowing glucocorticoid tapering [40].

An investigator-initiated (University of Pitts-
burgh) multicenter, randomized, double-blind, con-
trolled trial is ongoing to assess the efficacy of
tocilizumab in refractory adult polymyositis and
dermatomyositis (clinicaltrials.gov, NCT02043548).
ABATACEPT

CD28 and CTLA-4, costimulatory molecules, have
been reported to be upregulated in the muscles of
polymyositis and dermatomyositis patients [41,42].

Abatacept, which targets CD80 and CD86 on
antigen-presenting cells, was reported to be success-
ful in a patient with refractory polymyositis [43]. A
child with severe recalcitrant JDM with ulcerative
cutaneous disease and progressive calcinosis also
demonstrated a favorable response to combination
therapy with abatacept and sodium thiosulfate [44].
In another case report from Japan, abatacept thera-
py was associated with a favorable outcome in an
antisignal recognition particle-positive patient with
refractory IIM [45]. In a more recent report from
Europe, a patient with severe IIM in overlap with
rheumatoid arthritis, peripheral vasculitis and ILD,
refractory to several traditional and biologic thera-
pies, responded well to abatacept with good control
of myositis [46].
 Copyright © 2017 Wolters Kluwer 
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An ongoing clinical trial (ARTEMIS) is currently
underway to assess the efficacy and potential role of
abatacept in refractory IIM and another multicenter
study is being planned.
SIFALIMUMAB

There is growing evidence that type I interferon (IFN
a/b)-mediated innate immunity may be implicated
in the pathogenesis of IIM.[47–49] In a study of 56
patients with adult or JDM (using peripheral blood
samples and clinical data), the type I IFN gene
and chemokine signature and serum levels of IL-6
correlated with each other and with IIM disease
activity [50].

A recent phase 1b multicenter, randomized,
double-blinded, controlled, clinical trial assessed
sifalimumab, an anti-IFNa monoclonal antibody,
in polymyositis and dermatomyositis [51] and dem-
onstrated the suppression of the IFN signature in
peripheral blood and muscle tissue (66 and 47%,
respectively) which correlated with clinical im-
provement in patients received safalimumab. The
patients with at least 15% improvement in the MMT
had greater neutralization of IFN signature in both
peripheral blood and muscle than those with less
than 15% improvement.
RUXOLITINIB

Ruxolitinib, a Janus kinase inhibitor, was recently
reported in a case report to be effective for the
treatment of refractory dermatomyositis [52]. A
72-year-old woman refractory/partial responsive
to glucocorticoids, azathioprine, IVIg and mycophe-
nolate mofetil received ruxolitinib after being
diagnosed with a JAK2 mutation-associated myelo-
proliferative neoplasm. Ruxolitinib monotherapy
led to rapid and significant improvement of derma-
tomyositis symptoms as the dermatomyositis was in
remission by 12 months.
CONCLUSION

Treatment of IIM and IIM-ILD patients who experi-
ence disease recurrences during or after convention-
al therapy or those who do not have complete
response can be challenging. Over the past decade,
there have been several small series and a limited
number of clinical trials assessing the potential use
of novel biologic agents in IIMs. Although the effi-
cacy data are limited at this time, given the biologi-
cal plausibility and encouraging small case series/
clinical trial results, further research is required to
assess the role of biologics such as tocilizumab (anti-
IL6), abatacept (inhibition of T-cell costimulation),
Health, Inc. All rights reserved.
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Table 1. Results from the most recent and important publications in idiopathic inflammatory myopath

Study Results

Rituximab Rituximab in Myositis (RIM) trial: randomized, double-
blind, placebo-controlled: 195 patients (75 with PM,
72 with DM and 48 with JDM; all refractory to
glucocorticoid therapy and at least one
immunosuppressive drug) [1]

Definition of improvement met by 83% of these
refractory IIM patients
Rituximab had a statistically significant steroid-
sparing effect
Rituximab generally well tolerated and the most
common adverse effects were infections

Additional studies derived from the RIM trial [19,20&&] Presence of antisynthetase and anti-Mi-2
autoantibodies along with the juvenile DM subset,
and lower disease damage were strong predictors
of clinical improvement and response to rituximab
Significant improvements noted in cutaneous disease
activity after the addition of rituximab to standard
therapy in adult DM and JDM individuals

Retrospective study of 24 patients with antisynthetase
syndrome and severe ILD with more than 12 months
follow-up postrituximab therapy (10 of the 12
patients also received cyclophosphamide) [22]

FVC, FEV-1 and DLCO increased by 24, 22 and 17%,
respectively, postrituximab
HRCT findings (expressed as a percentage of total
lung volume) demonstrated a median 34% reduction
in ILD extent postrituximab

Multicenter, open-label, phase II trial, 10
antisynthetase antibody-positive patients with IIM
and ILD refractory to traditional treatments
(prednisone and at least two immunosuppressive
agents), received 1 g of rituximab at day 0, day 15
and after 6 months [23]

ILD improved in five and stabilized in four based on
FVC and/or DLCO; decrease in the burden of the
associated immunosuppressive therapy
Seven patients demonstrated an increase of at least
four points on MMT-10 and the total CK level
declined from 399 IU/l

Retrospective study of anti-Jo-1 antibody-positive
patients: 17 received rituximab and 30 patients
were treated with conventional immunosuppressive
agents and followed for a mean of 35 and 84
months, respectively [24&]

Sixteen of the 17 receiving rituximab demonstrated a
more rapid and marked response (response was
independent of the anti-Ro52 antibody status)

Tocilizumab 32-year-old Japanese patient with an overlap
syndrome, including DM and systemic sclerosis
features, inflammatory arthropathy and CCP
positivity (refractory to cyclosporine, IV
cyclophosphamide, IVIg, tacrolimus and
combination methotrexate and adalimumab) [40]

Tocilizumab led to the resolution of DM rash and
arthritis with gradual improvement in the muscle
weakness and CK allowing glucocorticoid tapering

Abatacept Case report from Japan: anti-SRP positive patient with
refractory IIM [45]

Abatacept therapy led to favorable outcome

Case report from Europe: severe IIM in overlap with
rheumatoid arthritis, peripheral vasculitis and ILD,
refractory to several traditional and biologic
therapies [46]

Abatacept therapy led to control of myositis

Sifalimumab Phase 1b multicenter, randomized, double-blinded,
controlled, clinical trial assessed sifalimumab, an
anti-IFNa monoclonal antibody, in PM and DM [51]

Suppression of the IFN signature in peripheral blood
and muscle tissue (66 and 47%, respectively)
correlated with clinical improvement

Ruxolitinib 72-year-old woman with refractory DM and partial
response to glucocorticoids, azathioprine, IVIg and
mycophenolate mofetil (also diagnosed with a JAK2
mutation-associated myeloproliferative neoplasm)
[52]

Ruxolitinib monotherapy led to rapid and significant
improvement of DM with remission by 12 months

CK, creatine kinase; DM, dermatomyositis; IFN, interferon; IIM, idiopathic inflammatory myopathy; ILD, interstitial lung disease; IVIg, intravenous immunoglobulin;
JAK2, Janus kinase2; JDM, juvenile dermatomyositis; PM, polymyositis.

Idiopathic inflammatory myopathies Moghadam-Kia et al.
sifalimumab (anti-IFNa) and ruxolitinib (JAK inhib-
itor) Table 1 [1,19,20

&&

,22,23,24
&

,40,45,46,51,52].
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 CURRENT
OPINION Recent clinical trials in idiopathic inflammatory

myopathies

Valérie Leclair and Ingrid E. Lundberg

Purpose of review

Idiopathic inflammatory myopathies (IIMs) are complex multisystemic autoimmune diseases. Glucocorticoids
remain the cornerstone of treatment in IIM, and the benefit of additional immunosuppressors is still debated.
A limited number of controlled clinical trials have been available to support treatment guidelines, but in the
last year, several clinical trials have been published. In this review, the highlights of recently published and
on-going clinical trials in IIM will be summarized and discussed.

Recent findings

Post hoc analyses of a large randomized controlled trial (RCT) suggested new predictive factors of response
to rituximab in refractory IIM individuals. An international collaboration enabled the completion of a large
RCT in early juvenile dermatomyositis that will orient first-line treatment in that population. New approaches
are showing encouraging results in inclusion body myositis.

Summary

Recent advances in molecular mechanisms underlying IIM pathogenesis and the development of novel
targeted therapies have influenced recent and on-going clinical research.
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INTRODUCTION

Idiopathic inflammatory myopathies (IIMs) are
autoimmune multisystemic diseases. The major
subsets of IIM studied in clinical trials are dermato-
myositis, polymyositis, juvenile dermatomyositis
(JDM) and sporadic inclusion body myositis (sIBM).
For decades, clinicians relied mainly on glucocorti-
coids often combined with immunosuppressors
such as azathioprine, methotrexate, cyclosporine
and mycophenolate mofetil to treat those chronic
diseases. A Cochrane review on treatment of derma-
tomyositis and polymyositis failed to confirm the
benefit of those additional immunosuppressors,
because of the lack of evidence from randomized
controlled trials (RCTs) [1]. In practice, these
options are often not sufficient to induce prolonged
clinical remission and long-term steroid exposition
leads to unacceptable side-effects. Morbidity and
mortality remain significant especially with specific
extra-muscular organ involvement such as dyspha-
gia or interstitial lung disease (ILD) [2,3].

In the last decades, successes of targeted thera-
pies in various rheumatologic conditions and
advances in understanding of pathophysiology
have slowly modified the therapeutic landscape

in IIM Figure 1. This review will present recently
published as well as on-going clinical trials in
IIM.

ADULT IDIOPATHIC INFLAMMATORY
MYOPATHY

Traditional approach with conventional
immunosuppressive treatment and
intravenous immunoglobulin

Several published and on-going clinical trials in IIM
focus mainly on refractory cases. A recent placebo-
controlled factorial trial looked at the efficacy of
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KEY POINTS

� High interferon type 1 expression in skeletal muscle
and serum at baseline, JDM subset, lower disease
damage and certain autoantibody profiles such as anti-
Jo1 were found to predict rituximab response in IIM.

� The results of a large RCT in JDM support the use of
glucocorticoids in combination with methotrexate as the
first-line treatment in that population.

� Alemtuzumab and follistatin gene therapy have shown
some clinical benefit in sIBM.

� JAK inhibitors are under investigation in refractory
dermatomyositis following positive results in case
reports.
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second-line immunosuppression in refractory IIM
[4]. Fifty-eight individuals were randomized in four
different groups: steroid alone, steroid and ciclo-
sporine, steroid and methotrexate or a combination
of steroids, ciclosporine and methotrexate. No
added beneficial effect was found of combination
therapy over glucocorticoid treatment alone. How-
ever, the number of patients in each arm was small
and the IIM subsets were poorly defined in terms of
autoantibody status or extra-muscular organ in-
volvement. The PROMETHEUS trial, a randomized
 Copyright © 2017 Wolters Kluwe

FIGURE 1. Overview of molecular mechanisms of action of diffe
patients with idiopathic inflammatory myopathies. ACTRII, activin
activating factor; TLR, toll-like receptor.
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open-label assessor-blinded study, compared the
efficacy and safety of a methotrexate and steroid
combination to steroid alone in early dermatomyo-
sitis/polymyositis (NCT00651040). Their prelimi-
nary results on 31 individuals also showed no
benefit of methotrexate combination therapy over
glucocorticoids alone after 48 weeks of treatment
[5]. These results further support the efficacy of
glucocorticoids in IIM treatment, but controversy
remains on the most appropriate glucocorticoid
regimen to use. As an alternative to traditional
glucocorticoids protocols and based on case report
results [6], an open-label trial looked at the efficacy,
safety and tolerability of adrenocorticotropic
hormone gel (ACTH) 80 mg subcutaneously twice
weekly for 6 months for treatment of active re-
fractory dermatomyositis/polymyositis individuals
(NCT01906372). At the time of writing, this trial was
completed but no results were available. Intrave-
nous immunoglobulins (IVIg) in refractory IIM are
also a matter of debate among experts and impor-
tant geographical variations exist in their use. There
is evidence supporting IVIg efficacy in JDM, 3-hy-
droxy-3-methylglutaryl-coenzyme A reductase anti-
body-associated myopathy and for specific organ
involvement such as dysphagia [7

&&

]. Subcutaneous
immunoglobulins (SCIg) are an interesting and safe
alternative that showed some efficacy in case reports
[8] and retrospective [9

&

] studies. An open-label
r Health, Inc. All rights reserved.

rent treatments studied in recent or on-going clinical trials in
receptor; APC, antigen presenting cell; BAFF, B-cell
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study on SCIg efficacy in dermatomyositis is cur-
rently on-going (NCT02271165).
B-cell blockade

The largest RCT to date in IIM, the rituximab in
myositis (RIM) trial, included 200 juvenile (JDM)
and adult refractory polymyositis and dermatomy-
ositis cases who were randomized in an early (weeks
0 and 1) or late rituximab treatment arm (weeks 8
and 9) [10]. The primary endpoint was comparison
of time to achieve the International Myositis Assess-
ment and Clinical Studies (IMACS) group definition
of improvement (DOI) (Table 1) [11] and a second-
ary endpoint was comparison of response rates
between the two groups at 8 weeks. Even if those
endpoints were not achieved, 83% of the random-
ized individuals met the DOI by week 44 and a
significant steroid-sparing effect was found. A post
hoc analysis looked at cutaneous activity and
damage scores of 120 patients included in the
RIM trial to assess the efficacy of rituximab at
improving refractory dermatomyositis rashes [12

&

].
In adult individuals, there was a significant de-
creased frequency of any rash at week 36 (89–
76%, P¼0.047), but no significant difference for
more severe rashes (cutaneous ulceration, pannicu-
litis or erythematous rashes with secondary
changes). Interestingly, there was a significant de-
crease in the mean damage score. Similar declines
were seen in JDM, but improvement in treatment-
resistant cutaneous ulcerations was noted in this
group. The clinical data of the RIM trial were also
studied to identify possible predictors of treatment
response. High interferon type 1 expression in skel-
etal muscle and serum at baseline, JDM subset, lower
 Copyright © 2017 Wolters Kluwer 

Table 1. Consensus on the minimum percentage change in the m

improved

Core set domain Validated method of a

Physician’s global activity assessment Horizontal 10-cm VAS

Patient’s/parent’s global activity assessment Horizontal 10-cm VAS

Muscle strength MMT

Physical function HAQ/C-HAQ; CMAS

Muscle-associated enzymes At least two of CK, LDH,

Extramuscular activity assessment Extramuscular portion of

Adapted from [11]. In the RIM trial, DOI was defined as three of any six core set m
not be MMT8.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; C-HAQ, Childhood
HAQ, Health Assessment Questionnaire; LDH, lactate dehydrogenase; MDAAT, myo
visual analog scale.
yIn adult specialists, the median change was 25% for LDH. In pediatric specialists, th

654 www.co-rheumatology.com
disease damage and certain autoantibody profiles
(anti-Jo1, anti-TIF1g and anti-Mi2) [13,14

&&

,15
&&

,16]
were found to predict rituximab response. In line
with those results, an open-label trial on rituximab
efficacy in refractory antisynthetase syndrome
reported increased muscle strength, decreased cre-
atinine kinase levels and a steroid- sparing effect on
10 patients who completed the 12-month study
[17]. Half of their individuals also showed ILD im-
provement on pulmonary function testing. Despite
its small sample, this study remains one of the rare
to focus on an autoantibody-defined IIM subset in a
clinical trial. Another B-cell depleting agent, beli-
mumab, is currently under study in refractory IIM
(NCT02347891). This recombinant monoclonal an-
tibody against B lymphocyte stimulator impairs B
lymphocytes survival and is currently approved for
systemic lupus erythematosus treatment.
Antifibrotic agents

ILD is an important cause of morbidity and morta-
lity in antisynthetase syndrome and in clinically
amyopathic dermatomyositis (CADM). When pre-
senting with rapidly progressive ILD (RPILD) and
antibodies against antimelanoma differentiation-
associated gene 5, CADM individuals have a partic-
ularly high mortality rate [18]. A Chinese group
administered pirfenidone, an antifibrotic agent re-
cently approved for idiopathic pulmonary fibrosis,
to 30 individuals with CADM and RPILD. This single
center open-label trial with retrospective controls
found decreased mortality in their subacute ILD
subgroup (n¼10) at 1 year [19]. This might indicate
a role for antifibrotic agents in slowing the progres-
sion of ILD in CADM with subacute ILD onset.
Health, Inc. All rights reserved.

yositis core set of measures to classify a patient as clinically

Percentage change, median
(25th percentile, 75th percentile)

ssessment Adult specialists Pediatric specialists

20 (20,25) 20 (15,20)

20 (20,25) 20 (15–24)

15 (10,20) 18 (11,20)

15 (10,20) 15 (10,20)

AST, ALT or aldolase 30y (20,50) 30y (20,30)

the MDAAT 20 (20, 28) 20 (15,20)

easures improved by 20%, with no more than two worse by 25% which could

HAQ; CK, creatinine kinase; CMAS, Childhood Myositis Assessment Scale;
sitis disease activity assessment tool; MMT, manual muscle testing; VAS,

e median change was 25% for aldolase.
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T-cell blockade
T cells and their costimulatory molecules cytotoxic
T lymphocyte associated antigen-4 (CTLA-4) and
CD28 are playing an important role in IIM patho-
genesis [20]. This explains T-cell blockade intro-
duction as a possible new therapeutic approach in
IIM. Abatacept, a CTLA-4 analog, blocks the inter-
action between antigen presenting cell and T cell,
preventing costimulation. After positive results
in case reports [21–24], the ARTEMIS trial, an
open-label trial with delayed start design, was con-
ducted in refractory dermatomyositis/polymyositis
(NCT02971683). Preliminary results of this pilot
study suggest improved muscle performance and
health-related quality of life in refractory IIM cases
treated with abatacept [25]. Fingolimod, a sphingo-
sine 1-phosphate receptor modulator leading to
T-cell trapping in lymphoid organs, has shown an-
ti-inflammatory and possible neuroprotective
effects in multiple sclerosis [26]. A trial of fingoli-
mod in refractory dermatomyositis/polymyositis
was completed (NCT02029274) with inconclusive
preliminary results despite effective decrease
(>75%) of absolute T lymphocytes counts as
reported in an abstract [27].
JUVENILE DERMATOMYOSITIS

Traditional approach

In 2016, the first RCT on first-line treatment in early
JDM was published [28

&&

]. The authors randomized
139 newly diagnosed untreated JDM patients to
either prednisone monotherapy or combination
treatment with either methotrexate or ciclosporine.
Combination therapy, particularly methotrexate,
showed shorter time to clinical remission, longer
time to treatment failure, decreased treatment fail-
ure and a steroid-sparing effect. The methotrexate
treated group also showed a better side effect profile.
These results support the use of glucocorticoids in
combination with methotrexate as the first-line
treatment in JDM.
Exercise and creatine supplementation

Exercise has proven to be both safe and effective in
the adult IIM population, but had never been stud-
ied in an RCT in the pediatric population [29

&&

].
Twenty-six JDM individuals were randomized to a
12-week home-based exercise programme (n¼14) or
to a waiting control group (n¼12) starting the same
exercise programme at week 12. Seventy-five per-
cent of the participants completed the intervention
without relapse or hospitalization. The intervention
group showed increased muscle function and
 Copyright © 2017 Wolters Kluwe

1040-8711 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
functional ability, which parallels the adult experi-
ence. The JDM individuals included in this study
were clinically stable. The same intervention in an
active population could generate different results,
with possibly increased efficacy. Creatine supple-
mentation was tested on 15 JDM patients, both with
active and inactive disease, for 12 weeks [30

&

]. The
treatment was well tolerated, but the authors found
no therapeutic effect. These results are contrasting
with the improved functional performance found in
an RCT on 37 IIM adult individuals [31]. The authors
noted the lack of increase in intramuscular phos-
phocreatine content in their pediatric population,
possibly explaining the lack of benefit observed in
their study.
Sporadic inclusion body myositis

sIBM patients usually demonstrate a poor response
to conventional treatment with consequent signifi-
cant long-term impairment. There is still controver-
sy on the pathogenesis of this disorder that displays
both inflammatory and degenerative components.
Alemtuzumab

T-cell blockade has been tried with moderate success
in sIBM in the uncontrolled proof-of-concept study
CAMPATH-1 [32]. Thirteen sIBM individuals re-
ceived alemtuzumab, a humanized monoclonal an-
ti-CD52 antibody inducing a profound depletion of
mature T cell and monocytes, at a dose of 0,3 mg/kg/
day for 4 days. A slower muscle strength decline was
noted 6 months after the treatment, but only five
patients reported definite functional improvement.
The biopsies before and after treatment were recent-
ly analyzed for inflammatory and degenerative
markers [33

&

]. A trend toward downregulation of
the expression of certain inflammatory molecules
was noted especially in responders. However, this
trend was not seen for crucial markers of cell-stress
and degeneration as B-amyloid or ubiquitin. Those
results, even if modest, are still encouraging in a
condition as refractory to treatment as sIBM.
Arimoclomol

Amplification of heat shock protein (HSP) expres-
sion was proposed as a novel treatment in sIBM. The
HSPs form a family of ubiquitously expressed pro-
tein chaperones that prevents aberrant protein–
protein interaction and promotes adequate protein
folding. Arimoclomol is a drug that prolongs heat
shock factor 1, the main transcription factor of HSP.
An RCT proof-of-concept trial on 24 sIBM patients
was well tolerated, but failed to show significant
benefits in the treated group (n¼16) compared with
r Health, Inc. All rights reserved.
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placebo (n¼8) [34]. The authors are now recruiting
individuals for a larger RCT (NCT02753530).
Bimagrumab

Another approach proposed to address the degener-
ative aspect of sIBM was to block the myostatin
pathway. Myostatin binds the activin receptors
(ActRII) which, when activated, inhibit skeletal
muscle differentiation and growth. Bimagrumab, a
human monoclonal antibody against ActRII, was
tested in an RCT on 14 sIBM individuals. Eleven
individuals received one single intravenous infu-
sion of bimagrumab and three individuals a
placebo dose [35]. Even if this proof-of-concept
study showed some increase in the thigh volume
at 8 weeks correlating with improvement on
the 6-min walk test (6MWT), a phase IIb/III
(NCT01925209) failed to meet its primary end-
point (Novartis April 21, 2016).
Follistatin gene therapy

A novel therapeutic approach to myostatin inhibi-
tion is through follistatin gene therapy [36

&&

]. On
the basis of mouse models and positive results in
Becker muscular dystrophy [37], six sIBM patients
 Copyright © 2017 Wolters Kluwer 

Table 2. Completed, on-going or terminated clinical trials in idio

Drug Mechani

Completed but not yet published

Abatacept [25], NCT02971683 T-cell acti

ACTH, NCT01906372 Adrenoco

Eculizumab, NCT00005571 Anti-C5 a

Fingolimod [27], NCT02029274 Sphingos

GC vs. GC þ MTX [5], NCT00651040 Antifolate

On-going

Arimoclomol, NCT02753530 Amplifica

Belimumab, NCT02347891 B-cell act

Hizentra, NCT02271165 Subcutan

Natalizumab [38], NCT02483845 Anti-a-4 i

Rapamycin, NCT02481453 mTOR co

RTX vs. CYC, NCT01862926 Chimeric

Tocilizumab, NCT02043548 Anti-IL6 r

Tofacitinib, NCT03002649 JAK1/3 i

IMO8400, NCT02612857 Anti-TLR

Terminated

Autologous stem-cell transplant (NCT00278564)

Fingolimod (NCT01148810, NCT01801917)

Gevokizumab (EudraCT 2012–005772–34)

ACTH, adrenocorticotropic hormone; CYCs, cyclophosphamide; DM, dermatomyosi
inflammatory myopathy; IL6, interleukin 6; JAK, janus kinase; MCTD, mixed connec
methotrexate; PM, polymyositis; RTX, rituximab; sIBM, sporadic inclusion body myos
Data compiled from ClinicalTrials.gov and other sources.

656 www.co-rheumatology.com
received follistatin gene transfer in the quadriceps
muscles of both legs. To prevent immune response
to the gene delivery, they also received high-dose
prednisone for at least 2 months and were encour-
aged to exercise. The treatment was well tolerated
and treated individuals (n¼6) improved their
6MWT by 56 m/year, whereas untreated patients
(n¼8) decreased their walking distance by
25,8 m/year. On comparison of muscle biopsies
obtained at baseline and 6 months after gene trans-
fer, treated patients showed decreased fibrosis and
improved regeneration. These positive results are
encouraging and future studies will show if those
benefits can be maintained and reproduced in a
larger trial.
New perspectives

The aim of this review was to present the findings of
recent clinical trials. However, novel therapies cur-
rently under study are listed in Table 2 [25,27,5,38]
and some will be reviewed in this section.
Janus kinase inhibitors

Janus kinase (JAK) inhibitors, recently approved
for the treatment of rheumatoid arthritis, showed
Health, Inc. All rights reserved.

pathic inflammatory myopathy

sm of action Population

vation inhibitor Refractory DM/PM

rticotropic hormone Refractory DM/PM

ntibody Refractory DM

ine 1-phosphate modulator Refractory DM/PM

agent Early DM/PM

tion of HSP expression sIBM

ivation inhibitor Refractory IIM

eous immunoglobulins DM

ntegrin sIBM

mplex 1 inhibitor sIBM

anti-CD20 antibody Scleroderma, IIM and MCTD

eceptor antibody Refractory DM/PM

nhibitor Refractory DM

Refractory DM

tis; GCs, glucocorticoids; HSP, heat shock protein; IIM, idiopathic
tive tissue disease; mTOR, mammalian target of rapamycin; MTX,
itis; TLR, toll-like receptor.
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their efficacy at treating different inflammatory
conditions including skin autoimmune diseases.
The first generation of JAK inhibitors, including
tofacitinib, ruxolitinib and baricitinib, are blocking
more than one of the four JAKs (JAK1, JAK2, JAK3
and TYK2). These molecules have a suppressing
effect on interferon signaling, which is suggested
to be dysregulated in IIM [39]. The first case pub-
lished of JAK inhibition in IIM presented the case of
a patient with post–polycythemia vera myelofibro-
sis treated with ruloxitinib that improved both her
hematological condition and dermatomyositis rash
[40]. This was followed by a case series of refractory
dermatomyositis reporting clinical improvement in
three patients treated for 4 weeks with tofacitinib,
mainly a JAK1 and JAK3 inhibitor [41

&&

]. These
results suggest some efficacy of JAK inhibition in
treating refractory dermatomyositis cutaneous
manifestations, and a clinical trial on tofacitinib is
currently recruiting refractory dermatomyositis
individuals (NCT03002649).
Inhibitors of toll-like receptors

Evidence is suggesting that toll-like receptors
(TLRs) are involved in IIM pathogenesis. These
transmembrane receptors are expressed on a variety
of immune and nonimmune cells and are known as
key players of the innate arm of the immune system.
They recognize certain molecular patterns displayed
by invading organisms or damage-associated mole-
cules. Upon recognition, they trigger an immune
response and the release of cytokines. Muscle bio-
psies of IIM individuals have shown increased
expression of TLR-2, TLR-3, TLR-4 and TLR-9 [39].
The protein histidyl-tRNA-synthetase, the antigen
against which certain IIM patients produce a myo-
sitis-specific autoantibody (anti-Jo1), and the high-
motility group box protein 1 have been proposed as
certain damage-associated molecular patterns in
IIM. TLR antagonism was previously studied in a
small RCT in psoriasis with modest results, but
overall good tolerance [42]. On the basis of this
evidence, a double-blind, placebo-controlled trial
with an investigational oligonucleotide-based an-
tagonist of TLR-7, 8 and 9 has been initiated in
dermatomyositis (NCT02612857) [43].
Stem-cell transplantation

Another therapy gaining attention in severe refracto-
ry IIM is stem-cell transplantation. The rationale of
this treatment is to administer lymphotoxic
chemotherapy (e.g. cyclophosphamide and antithy-
mocyte globulins) with subsequent restauration of
immunological tolerance. Autologous hematopoietic
 Copyright © 2017 Wolters Kluwe
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stem-cell transplantation has been used for two
decades for the treatment of severe cases of various
autoimmune diseases. To date, only a few case
reports have been published on dermatomyositis,
JDM and polymyositis cases [44–46]. The largest case
series of 10 dermatomyositis/polymyositis patients
treated with allogeneic mesenchymal stem-cell trans-
plantation showed improved creatinine kinase levels,
patient assessment scores and muscle strength [45].
Of note, some of these patients even had ILD im-
provement. A positive clinical response in two
JDM patients was also reported in another recent
case series [46]. These encouraging results led to
an open-label trial of autologous stem-cell trans-
plantation in refractory dermatomyositis and
polymyositis that was, however, terminated be-
cause of the high-relapse rate in treated individuals
(NCT00278564).
CONCLUSION

Conducting clinical trials in IIM is challenging.
Recruiting large numbers of patients requires in-
ternational multicenter collaboration as shown in
the largest trials reviewed in this article [10,28

&&

].
This will become critical as we are now approach-
ing subsetting based on clinical, pathological and,
more importantly, autoantibody status. An indi-
vidualized approach in IIM calls for well-defined
subsets and a clear understanding of underlying
pathologic mechanisms. In this regard, using to its
full extent the material gathered in clinical trials is
essential in understanding response predictors
and molecular mechanisms. With the advent of
targeted therapies and improved outcomes in
IIM, also comes the question of ‘treating to target’.
In a population as heterogeneous as IIM, this is
not straightforward. The meaning of satisfactory
treatment response might differ depending on
individual perspective, clinical phenotypes and
underlying comorbidities. New clinical response
criteria from IMACS and paediatric rheumatology
international trials organisation, endorsed by
the american college of rheumatology/european
league against rheumatism, were recently pub-
lished and address some of these issues [47,48].
Clinicians might, however, find these criteria
difficult to transpose on an individual level parti-
cularly when extra-muscular features are domi-
nating the clinical picture. Yet, we believe that
international multidisciplinary collaboration is a
key to future success in the development of new
therapies for patients with IIM.
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