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Abstract The idiopathic inflammatory myopathies (IIMs)
comprise a group of autoimmune disorders that target skeletal
muscle. They are characterized by typical laboratory and clin-
ical features including muscle weakness, elevated muscle en-
zymes, characteristic histopathology of muscle biopsies, as
well as electromyography abnormalities. The IIMs are divided
into polymyositis, dermatomyositis, inclusion body myositis,
nonspecific myositis, and immune-mediated necrotizing
myopathy (IMNM). IMNM is distinguished by the absence
of primary inflammation on muscle biopsy. IMNM may be
associated with myositis-specific autoantibodies (i.e., anti-
SRP and anti-HMGCR) and malignancy, in association with
viral infections (HIV or hepatitis C), or in relation to other
connective tissue diseases (i.e., scleroderma). Typical clinical
findings such as severe muscle weakness, highly elevated
creatine kinase (CK) levels, as well as resistance to conven-
tional immunosuppressive therapy are associated with this
subtype of IIM. This review provides an overview of this
disease entity and focuses on its diagnosis and treatment.
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Introduction

The idiopathic inflammatory myopathies (IIMs) comprise a
group of autoimmune disorders that target skeletal muscle.
Females are affected twice as often as males, and the incidence
of IIM is estimated to be five to ten new cases/million popu-
lation/year [1–4, 5••]. The IIMs are characterized by typical
laboratory and clinical features including muscle weakness
upon examination, elevation of muscle enzymes, characteris-
tic histopathology of muscle biopsies, as well as typical elec-
tromyography (EMG) abnormalities including irritable myop-
athy and insertional irritability. In the case of dermatomyositis,
typical rashes are noted including heliotrope rash and
Gottron’s papules [1]. While Bohan and Peter criteria [6] have
been recognized as the predominant diagnostic criteria for
IIM, other criteria have been proposed. There has been a lack,
however, of uniformity in the updated diagnostic criteria pro-
posed which can pose a challenge when conducting studies in
IIM [1, 6–9]. One of the significant criticisms of existing
classification criteria was the lack of recognition of immune-
mediated necrotizing myopathy (IMNM) as a distinct sub-
group of IIM [10••]. Under some existing classification
schemes, for example the Bohan and Peter Criteria [6], IMNM
might be classified as polymyositis. According to the diagnos-
tic and classification criteria proposed by the Muscle Study
Group/European Neuro Muscular Centre (MSG/ENMC) in
2004, the IIMs are divided into polymyositis (PM), dermato-
myositis (DM), inclusion body myositis (IBM), nonspecific
myositis, and immune-mediated necrotizing myopathy [4].
IMNM is distinguished from the other groups by the scant
presence of an inflammatory infiltrate on muscle biopsy [5].
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However, the diagnosis of IMNM cannot be made on muscle
biopsy alone, and with the identification of myositis-specific
antibodies, as well as further identification of other histologic
features on muscle biopsy other than necrosis alone, it is rec-
ognized that IMNM is not one, but at least several different
diseases [11] . Furthermore, muscle cell necrosis is a nonspe-
cific feature that can occur inmanymuscle-damaging process-
es, and IMNM must be differentiated from toxic myopathies
(i.e., drug-induced myopathies), endocrinopathies, trauma-
induced myopathies [12], and muscular dystrophies [13].

Subtypes of AINM

IMNM may be associated with several different causes, in-
cluding malignancy [5••, 10••, 14–20, 21••, 22, 23], viral in-
fections such as hepatitis C [24] and HIV [25–27] [10••]
[28–31], connective tissue diseases such as scleroderma [5••,
20, 23, 32••, 33–35], and subsets of patients associated with
different myositis-specific antibodies including autoanti-
bodies against signal recognition particle (anti-SRP)
[36–39],or against 3-hydroxy-3-methylglutaryl-coenzyme A
reductase (HMGCR), especially in statin-exposed patients
[11, 23, 32••].

In this paper, studies regarding the diagnosis and treatment
of IMNM are discussed. Common clinical features and inves-
tigations used in the diagnosis of IMNM, as well as treatment
strategies used will be reviewed.

Diagnosis of IMNM

Classification of IMNM

As previously stated, not all classification criteria for IIM take
into account IMNM. For example, under the Bohan and Peter
criteria, muscle biopsy findings are not used to differentiate
between PM, DM, and IMNM. At the time this classification
was developed, it was recognized that some myositis patients
had necrosis on biopsy with a lack of inflammation, but this
was thought to be accounted for by patients with cancer-
associated myositis [13].

In 1991, Love et al. [40] proposed a new approach to the
classification of idiopathic inflammatory myopathy that uti-
lized myositis-specific autoantibodies, including anti-SRP, to
divide patients into homogeneous groups. The majority of the
seven anti-SRP patients analyzed were African-American fe-
males. The presentation of myositis in these patients was se-
vere and included myalgias, distal weakness, falls, atrophy of
muscles, mechanic’s hands, and palpitations. However, these
criteria did not address IMNM as a distinct entity.

In 1997, Targoff et al. [7] proposed the addition of
myositis-related autoantibodies to the classification scheme
for IIM, one of the antibodies being anti-SRP. However, the

proposed muscle biopsy criteria did not specifically mention
necrosis, and there was no distinct subset of IMNM.

Troyanov et al. [9] developed a clinic-serologic classifica-
tion utilizing myositis-associated and myositis-specific anti-
bodies that also included overlap features, with one of these
myositis-specific antibodies being anti-SRP. According to this
classification, subsets of IIM are divided into PM, DM, and
overlap myositis (OM) that include features such as
polyarthritis, Raynaud’s and interstitial lung disease among
others, and cancer-associated myositis. Once again, IMNM
is not considered as a distinct subset, and this criterion does
not take histopathological findings into account. Fernandez
et al. [41] undertook a study involving a retrospective cohort
of 178 patients with clinic-pathologic features suggestive of
IIM, in order to determine the pathologic features of each
serologic subset of IIM and to propose guidelines to diagnose
IIM according to both clinic-serologic and pathologic classi-
fications. Necrotizing myopathy was considered a distinct
pathological subset of IIM, characterized as having features
of numerous necrotic-regenerative fibers with absent or min-
imal inflammatory changes, with absent or focalMHC-1 over-
expression, on muscle biopsy. When compared to the clinic-
serologic classification of Troyanov, most cases of IMNM
would have been classified as OM or PM.

In 2003, a classification scheme was proposed that was
greatly based on muscle biopsy findings [4]. According to
this classification scheme, the IIMs were divided into DM,
PM, inclusion body myositis (IBM), and nonspecific myo-
sitis. In addition, IMNM was recognized as a distinct form
of autoimmune muscle disease in which muscle biopsies
reveal muscle cell necrosis and degeneration with a lack
of significant inflammatory infiltrates. Under this classifica-
tion criteria, a patient is classified as having IMNM if he or
she has onset of myopathy over 18 years of age, a sub-
acute or insidious onset of muscle weakness, proximal
greater than distal and neck flexor greater than neck exten-
sor weakness, and elevated creatine kinase (CK) levels.
Furthermore, patients need to fulfill one out of the follow-
ing three laboratory criteria: irritable myopathy on EMG,
magnetic resonance imaging (MRI) with STIR of muscle
tissue revealing diffuse or patchy increased signal, or
myositis-specific antibodies detected in the serum. In addi-
tion, the muscle biopsy findings are key and must show
many necrotic muscle fibers as the predominant abnormal
histological feature.

Classification and diagnostic criteria for IMNM is an
evolving field, due to the heterogeneity of the etiology
of this entity. It has been recognized that IMNM is not
one specific disease, but is composed of at least several
different diseases, and that data in the form of clinical
trials, for example, is needed to determine subsets of
IMNM based on autoantibodies, medication exposure,
and specific muscle biopsy features [13].
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Clinical Features of IMNM

It has been recognized in many studies that patients with
IMNM present with a common phenotype that includes pro-
found weakness, highly elevated CK levels, myalgias, and
resistance to conventional immunosuppressive medications
[14, 42]. These features may prompt clinicians to consider
IMNM as a potential diagnosis. Different subsets of disease
may have unique and/or overlapping presentations. In some
clinical situations, other symptoms and signs such as dyspha-
gia, Raynaud’s phenomenon, and lung involvement may be
observed. While interstitial lung disease (ILD) appears to be
uncommon, malignancy may be seen in association with
autoantibody-related IMNM or as a stand-alone entity.

Bronner at al. [14] reported on a group of eight patients
who presented with symmetrical proximal muscle weakness
with a sub-acute onset, CK more than 10 times elevated, and
muscle biopsy showing widespread atrophy, necrosis, and re-
generation with absence of inflammatory cell infiltrates. The
myopathy was steroid-responsive. Distal weakness and dys-
phagia were also noted. However, myositis-specific antibody
testing for anti-SRP was not done.

When IMNM is suspected based on clinical presentation
and biopsy, autoantibodies can be ordered (e.g., anti-SRP, an-
ti-HMGCR). Cohorts of these subsets have also been studied
for typical clinical findings at diagnosis. Anti-SRP antibody
can now be screened with commercially available immuno-
blots [22], and HMGCR testing is now commercially avail-
able through the RDL reference laboratory [43].

SRP antibodies are quite specific for myopathy and have
been quoted as accounting for 5 % of cases of inflammatory
myopathies [11]. The approximate incidence of anti-SRP an-
tibodies in patients with IMNM is 15 % [39]. However, anti-
SRP antibodies have also been found in patients with limb-
girdle muscular dystrophy type 2A and other diseases [44].
Patients with IMNM associated with anti-SRP antibodies typ-
ically present with the phenotype previously described of ex-
treme weakness, myalgias, high CK values, irritable myopa-
thy on EMG, inflammation on MRI muscle imaging, and
profound necrosis with absence of inflammation on muscle
biopsy. Raynaud’s is a variable feature. Table 1 summarizes
some typical clinical findings noted in studies involving pa-
tients with anti-SRP-related IMNM.

HMG-CoA reductase (HMGCR) is the pharmacologic tar-
get of the statins. Christopher-Stine and colleagues performed
screening for novel autoantibodies among a group of patients
with necrotizing myopathy on biopsy without a known under-
lying etiology and identified a subgroup of these patients who
had autoantibodies recognizing 200- and 100-kD proteins; the
100-kD protein was later identified as HMG-CoA reductase
(HMGCR), the pharmacologic target of the statins, and the
200-kD protein as an HMGCR dimer [23, 31]. Mammen
et al. [45••] reported that 6 % of patients in the Johns Hopkins

Myositis Center have anti-HMGCR antibodies, and based on
an incidence of autoimmune myopathy of four per 100,000
per year, it is therefore estimated that the incidence of anti-
HMGCR myopathy is roughly two per million per year [46].
Patients with HMGCR-associated myopathy present with
weakness, although not always as dramatic as seen with
SRP myopathy, myalgias, high CK levels, irritable myopathy
on EMG, inflammation onMRImuscle imaging, and predom-
inant necrosis on muscle biopsy with the absence of inflam-
mation. Not all patients were statin-exposed, but among those
who were 50 years old and above, 92.3 % had been on a statin
[43]. Overall, statin-naïve patients were found to be younger,
with higher CK levels at presentation, non-white and less re-
sponsive to treatment [32••].

The following clinical findings can be used to help make a
diagnosis of IMNM in the proper clinical setting. For the
purpose of this review, the focus is on anti-SRP-associated
IMNM, anti-HMGCR-associated IMNM, and paraneoplastic
IMNM.

Weakness

Anti-SRP-Associated IMNM

Severe weakness, at presentation and throughout the course of
illness, has been observed in anti-SRP-associated IMNM.
Therefore, in a patient presenting with severe weakness, main-
ly proximal but also some distal, a diagnosis of IMNM should
be considered. This observation has been made in several
studies worldwide.

It has been reported that there is a predominance of female
and African-American patients in this patient population [11,
61]. In addition, it is our clinical experience that these patients
tend to be younger than patients with another cause of IMNM;
for example, in the study byMiller et al. [36], the mean age of
onset of SRP myopathy was 48, which is younger than other
cohorts (i.e., statin-associated cohorts) [62].

In the United States, Miller at al. [37] analyzed a group of
seven patients with myopathy and serum anti-SRP antibodies,
ranging in age from 32 to 70 years. These patients presented
with severe proximal muscle weakness that rapidly developed
over a period of months. Kao et al. [38] identified 16 anti-
SRP-positive patients with polymyositis and found that this
group of patients presented with early, severe proximal muscle
weakness and atrophy compared to the control groups of pa-
tients with PM that were negative for the SRP autoantibody. In
Canada, Troyanov et al. [9] studied a cohort of 100 French-
Canadian patients and identified two patients with anti-SRP
autoantibodies; both had sudden disease onset, and one pre-
sented with severe muscle weakness causing an extrathoracic
restrictive breathing syndrome.
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Hengstman et al. [39] carried out a retrospective systematic
assessment of the clinical, laboratory and histological charac-
teristics of 23 anti-SRP-positive patients from six European
centers and compared data to a large group of SRP-negative
myositis patients. Anti-SRP-positive patients presented with
severe symmetrical proximal muscle weakness that resulted in
marked disability. Weakness was rapidly progressive; patients
had difficulty walking and standing; and the weakness
progressed over a matter of months.

Similar findings have been noted in Asia. In Japan, Takada
et al. [47] studied 21 anti-SRP-positive patients with myositis.
Muscle weakness was always symmetrical and mostly in
proximal muscles. Sixty percent of patients had severe muscle
weakness at initial evaluation that then rapidly progressed
from time of onset to severe disability. A retrospective study
by Sugie et al. [48] retrospectively analyzed seven patients
with anti-SRP-related myopathy; all patients had a sub-acute
onset of symptoms, and one patient presented with rapid de-
velopment of severe muscle weakness.

Wang et al. [49] studied a cohort of Chinese patients with
anti-SRP antibodies. Of 16 patients studied, 14 patients pre-
sented with chronic progression of proximal limb weakness.
A study by Zheng et al. identified 12 patients with SRP my-
opathy whose main symptoms were proximal limb weak-
nesses [50].

A recent case series of an Australian cohort of myositis
patients confirmed five patients with histologically confirmed
myositis who had anti-SRP antibodies [51]. Four patients had
severe, rapidly progressing proximal muscle weakness,
peaking within 4–8 weeks of onset of symptoms in three
patients.

While the weakness observed in studies is routinely prox-
imal muscle weakness, some studies have found distal weak-
ness in SRP-positive patients as well [40]. Love et al. reported
on a group of seven anti-SRP-positive patients who presented
with weakness including distal weakness and a history of falls.
Bulbar involvement has also been reported; from Japan, a

recent observational study reported on a subset of patients
with IMNM who were positive for the SRP autoantibody,
and these patients exhibited severe limbs weakness and atro-
phy as well as bulbar and trunk muscle involvement [52••]. A
recent case series from Japan involving 100 patients with in-
flammatory myopathy with anti-SRP antibody reported on
severe neurological symptoms including profound limb,
trunk, and bulbar muscle weakness with atrophy [45••].

Weakness can be sudden and severe. A review of autoim-
mune necrotizing myopathies by Allenbach et al. [53] de-
scribed the onset of SRP-related IMNM as sudden in onset,
unlike most other inflammatory myopathies that seem to have
a more insidious onset. Myalgias are seen in 66–80 % of
cases, and over 50 % of patients present severe proximal mus-
cular impairment (i.e., muscular strength inferior or equal to
3/5 on theMedical Research Council scale). In fact, just weeks
after onset of symptoms, some patients may be so weak as to
be severely bed-ridden or wheelchair-bound.

Anti-HMGCR-Associated IMNM

Weakness is also a common clinical feature of anti-HMGCR
antibody-associated IMNM. Watanabe et al. [52••] recently
published an observational study involving eight subjects with
HMGCR antibody-associated IMNM. Symmetrical and prox-
imal limb weakness was observed, with both arms and legs
equally affected; however, weakness was found to be mild,
with severe limb weakness of grade ≤2/5 assessed by manual
muscle strength (Medical Research Council scale grade) not
being observed. This was in contrast to SRP antibodymyositis
patients studied, who exhibited severe muscle weakness.

While Grable-Esposito et al. did not directly test for anti-
HMGCR autoantibodies, they did observe a cohort of 25 pa-
tients that developed a necrotizing myopathy while on statins
and progressive symptoms after stopping statins. All patients
had symmetric, proximal leg and arm weakness, and distal
weakness also developed in five patients [20]. In the study

Table 1 Clinical features of SRP myopathy. BX^ denotes reported clinical finding in each respective study involving anti-SRP antibody-positive
patients with IMNM

Study Proximal
weakness

Dysphagia Cardiac
involvement

Elevated
CK levels

Necrosis on
muscle biopsy

Raynaud’s

Love et al. 1991 [40] X X X

Miller et al. 2002 [37] X X X X

Kao et al. 2004 [38] X X X X

Hengstman et al. 2006 [39] X X X X X

Takada et al. 2009 [47] X X X X X

Sugie et al. 2013 [48] X X

Allenbach et al. 2013 [21••] X X X X X X

Wang et al. 2014 [49] X X X X

Suzuki et al. 2015 [45••] X X X X X X but low frequency seen
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by Christopher-Stine et al. [23], all 16 patients with HMGCR
antibody-associated IMNM developed acute or sub-acute on-
set of proximal muscle weakness. Interestingly, the level of
CK elevation did not necessarily correspond with the degree
of muscle weakness noted, since some patients had very high
CK levels with only mild weakness upon examination. Again,
this seems to be in contrast to anti-SRP-associated IMNM,
where severe weakness is often observed.

Ramanathan et al. examined a cohort of six Australian pa-
tients with statin exposure who developed an HMGCR
antibody-associated IMNM; all patients presented with pain-
less proximal weakness following statin therapy, which
persisted after statin cessation [54]. Weakness was of varying
severity.

Severe weakness has been noted in this patient population,
however. Allenbach et al. [21••] recently described a cohort of
45 European patients with anti-HMGCR antibodies and
IMNM. Statin exposure was recorded in 44.4 % of patients.
Almost all patients had weakness (97.7 %), frequently severe
(Medical Research Council [MRC] 5≤3 in 75.5 %). Most of
the cases (64.4 %) had a sub-acute onset of weakness
(<6 months), although three patients (6.6 %) had a slowly
progressive course over more than 10 years. In most patients,
elevation of CK level correlated with muscle strength. In ad-
dition, a significant correlation was found between titres of the
anti-HMGCR antibodies and the MRC score of the weakest
muscle groups. A similar correlation between titers and mus-
cle strength was noted by Werner et al. among HMGCR
antibody-related IMNM patients [55].

Dysphagia

Anti-SRP-Associated IMNM

Dysphagia has been noted in anti-SRP-positive patients with
IMNM. Miller et al. [37] noted three out of the seven patients
in their study experienced dysphagia. In the European study
by Hengstman et al. [39], patients with anti-SRP-associated
myopathy had a higher rate of dysphagia than SRP-negative
patients. Hanisch et al. [56] reported a case of a patient with
anti-SRP-associated myopathy who had a severe presentation
of dysphagia along with dysarthrophonia, bilateral facial pal-
sy, and loss of reflexes, as well as paresis of both proximal and
distal muscles, although it was suspected that he had an over-
lap with another neurological syndrome. In the Australian
cohort previously mentioned [51], three patients had dyspha-
gia. In the Suzuki’s study [45••], 41 patients presented with
dysphagia. Similarly, in the study by Takada et al. [47], three
out of 21 patients showed signs of dysphagia.

A recent critical review that focussed on the classification,
diagnosis, and management of IIMs [57] found that patients
with SRP myopathy can have dysphagia as a clinical feature

of their disease. In the review by Allenbach et al. [53], dys-
phagia has been reported in 30–69 % of cases.

Anti-HMGCR-Associated IMNM

Dysphagia has been noted in patients with anti-HMGCR-
associated IMNM. Grable-Esposito et al. [20] observed three
patients with dysphagia in their study of 25 patients with likely
IMNM in the setting of statin use, although HMGCR autoan-
tibodies were not specifically tested for. Christopher-Stine
et al. [23] noted dysphagia in ten out of 16 (63 %) of patients
with HMGCR antibody-related IMNM. Allenbach et al. noted
dysphagia in 26.7 % (12/45) of patients with HMGCR-related
IMNM [21••].

CK Levels

Anti-SRP-Associated IMNM

Patients with anti-SRP-associated IMNM present with highly
elevated CK levels. Themagnitude of the rise in CK levels can
help reinforce the diagnosis of IMNM.

In the study by Miller et al. [37], serum CK levels were
very high (3000 to 25,000 IU/L). Takada et al. [47] observed
that patients with SRP myopathy had highly elevated serum
CK levels as well, ranging from 1387 to 9900 IU/L (mean±
SD 5016±2452 IU/L). In Suzuki’s case series of 100 patients,
mean CK levels were 6161±4725 IU/L [45••], andWang et al.
[49] also noted highly elevated CK levels (from 400 to
9082 IU/L). This finding was reinforced in the review by
Allenbach et al. [53] commented on high CK levels in this
subgroup of patients (range between 6600 and 15 000 IU/
L). The retrospective study by Sugie et al. [48] was also
characterized by patients with very high CK levels (2000–
15,000 IU/L).

Anti-HMGCR-Associated IMNM

As seen in anti-SRP-associated myopathy, CK levels tend to
be elevated with anti-HMGCR-associated IMNM as well.
Mammen et al. noted that CK levels are higher than what
one would normally associate with IIM; however, many pa-
tients did not exhibit any myositis symptoms until CK levels
were in excess of several thousands of international units per
liter [42]. In the study by Grable-Esposito et al. [20], patients
with statin-associated necrotizing myopathy had highly
elevated serum CK levels (mean 8203 IU/L, range 3000 to
17,280 IU/L), and Christopher-Stine et al. [23] also noted high
CK levels in their study of anti-HMGCR-associated patients
with IMNM (mean maximum CK of 10,333 IU/L). Watanabe
et al. similarly observed high CK levels in this patient popu-
lation that varied from 3028 to 10,452 IU/L [52••], and
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Ramanathan et al. noted serum CK levels that ranged from
2700 to 16,200 IU/L [54].

Although CK values can reach very high levels, a variation
in values may be seen. For example, Mammen et al. [32••]
analyzed 45 patients who were HMGCR-positive and found
CK levels from between 200–35,000 IU/L. The CK value may
also correspond with muscle strength. Allenbach et al. noted
mean CK levels of 6941±8802 IU/L which correlated with
muscle strength evaluated by manual muscle testing [21••].

EMG

EMG findings in IMNM are typically of an irritable myopathy
and include spontaneous fibrillation potentials, positive sharp
waves, and insertional irritability. These findings are seen in
the majority of patients with IMNM.

Anti-SRP-Associated IMNM

Miller et al. noted classic myopathic EMG findings including
features of muscle membrane irritability (i.e., spontaneous fi-
brillation potentials and positive sharp waves) and small am-
plitude, polyphasic, brief motor unit potentials in all patients
tested [37]. In the Takada’s paper [47], EMG findings in prox-
imal muscles included myopathic motor unit potentials and
prominent spontaneous activity, again found in all patients
tested.

Anti-HMGCR-Associated IMNM

EMG findings are typical of an irritable myopathy. Grable-
Esposito et al. [20] noted abnormal spontaneous activity in
the form of fibrillation potentials, positive sharp waves, and
myotonic or pseudomyotonic discharges as the most frequent
findings seen on EMG. Christopher-Stine et al. [23] and
Mammen et al. [32••] also noted irritable myopathy on EMG
in anti-HMGCR-positive patients; in the study by
Christopher-Stine et al., irritable myopathy was found in
88 % of patients tested. EMG findings of irritable myopathy
(low amplitude, short duration motor unit potentials) were
similarly seen in the study by Watanabe et al. [52••].

MRI

Anti-SRP-Associated IMNM

Zheng et al. [50] undertook a study to evaluate muscle MRI
changes and the role ofMRI in the monitoring of therapy in 12
patients with anti-SRP-associated myopathy. MRI imaging
revealed thigh muscle edema and fatty infiltration in all 12
patients. CK elevation did not relate to the degree of edema

seen on imaging. Sugie et al. [48] reported on findings of
diffuse inflammation and edema seen on skeletal muscle
MRI, most prominent in the proximal muscles of all four
extremities.

Anti-HMGCR-Associated IMNM

Christopher-Stine et al. noted evidence of muscle edema on
bilateral thigh MRI in anti-HMGCR patients with IMNM
[23]. Watnabe et al. also noted focal or diffuse abnormal sig-
naling in the trunk and limb muscles on MRI in a similar
patient population [52••].

Muscle Biopsy

Anti-SRP-Associated IMNM

The classic features on muscle biopsy for IMNM include
widespread necrosis with lack of inflammatory infiltrates.
However, muscle tissue necrosis can be a nonspecific finding
seen in other conditions that affect muscle, for example, in the
setting of endocrinopathies, or from damage due to toxic ex-
posures [13]. Certain features of muscle histology may help
distinguish IMNM from other causes of necrotizing myopa-
thy. Upregulation of the MHC class I antigen in non-necrotic
muscle fibers can be used to help identify those who have
IMNM. Moreover, complement deposition on capillaries and
on the sarcolemma of non-necrotic fibers is more characteris-
tic of an immune-mediated process in patients with a necro-
tizing muscle biopsy [58]. Regarding anti-SRP-associated
IMNM vs anti-HMGCR IMNM, there are some characteristic
features (i.e., capillary involvement) that can help distinguish
between the two, as described below. Anti-SRP-Associated
IMNM:

Characteristic features of IMNM have been noted on mus-
cle biopsy from patients with anti-SRP antibody-mediated
myopathy. These features include necrosis, degeneration and
regeneration of muscle fibers, and lack of inflammatory infil-
trates. Capillary involvement has also been observed. Both
Kao [38] and Hengstman [39] observed necrotic and
regenerating muscle fibers on biopsies from patients with
anti-SRP-associated myopathy. In addition, Hengstman et al.
commented on the presence of swollen capillaries in 85 % of
muscle biopsy specimens.Miller et al. [37] also noted atrophic
and hypertrophic fibers as well as C5b-9 membrane attack
complex deposits on muscle fiber surfaces and capillaries.
Of note, the presence of hypertrophic fibers can also be seen
with dystrophies, so immune-histochemical stains for the dys-
trophies should be performed to exclude these conditions [27].
Regarding capillary involvement, Miller et al. also observed a
reduction in the capillary density (capillary index) and
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enlargement of endomysial capillaries on biopsy as a charac-
teristic feature of anti-SRP-associated IMNM.

From Japan, similar to other studies, Suzuki et al. [45••]
commented on necrotizing myopathy on muscle biopsy.
Takada et al. examined muscle biopsy specimens from 11
patients with anti-SRP-associated myositis. All 11 patients
demonstrated muscle fiber necrosis and/or regeneration, but
only one had infiltration of inflammatory cells on biopsy [47].
Kawabata et al. described a case of a pediatric patient from
Japan with anti-SRP-associated myopathy whose biopsy re-
vealed active necrotic and regenerating fibers, with mild in-
flammatory changes [59]. In fact, inflammatory changes may
be observed in IMNM. For example, in their review paper,
Allenbach et al. [53] noted the total absence of muscular in-
flammation seen on biopsy as a distinguishing feature of anti-
SRP IMNM; however, they also noted that minor endomysial
inflammation may be observed. The study byWang et al. [49]
examined the muscle biopsies of 16 patients with anti-SRP
myopathy; these biopsies exhibited features of necrotic and
regenerating fibers in all 16 patients, lymphocytic infiltration
in 11, and features of muscular dystrophy in seven patients.
Nine patients showed deposition of membrane attack com-
plexes in necrotic muscle fibers, two with such deposition
around capillaries and 11 with focal or diffuse MCH Class I
expression in sarcolemma or cytoplasm of muscle fibers.

Anti-HMGCR-Associated IMNM

Muscle biopsy specimens from patients with anti-HMGCR-
associated IMNM reveal necrosis, enhanced MHC-I expres-
sion on necrotic and non-necrotic muscle fibers, abnormal
capillary morphology, and lack of inflammatory infiltrate.
One study revealed that 94 % of patients with anti-HMGCR
autoantibodies had muscle biopsy specimens showing prom-
inent myofiber necrosis with minimal inflammation [23]. Fur-
ther immuno-histochemical studies showed membrane attack
complex on the small blood vessels on the surface of non-
necrotic myofibers, abnormal capillary morphology, and ex-
pression of class I MHC on the surface of non-necrotic
myofibers. Grable-Esposito et al. [20] also reported on
MHC-I upregulation on both necrotic and non-necrotic mus-
cle fibers. Muscle biopsy features from the study by
Allenbach et al. primarily exhibited necrosis and/or muscle
fiber regeneration, muscle fiber size irregularity and presence
of atrophic fibers, lack of inflammatory infiltration, C5b-9
deposition predominantly on necrotic fibers and occasionally
muscle capillaries, and overexpression of MHC class I on
regenerative or necrotic fibers [21••]. Watanabe et al. noted
regenerating muscle fibers clearly stained by polyclonal anti-
HMGCR antibodies on immune-histochemistry staining
[52••]. Ramanathan et al. [54] also commented on a pauci-
immune necrotizing myopathy seen on biopsy.

Other Clinical Findings

Other clinical features have been noted in patients with both
anti-SRP- and anti-HMGCR-associated IMNM.

Anti-SRP-Associated IMNM

Raynaud’s Phenomenon

Love et al. identified Raynaud’s phenomenon as a symptom
seen in their cohort of anti-SRP-associated myositis patients
[40], and Takada et al. [47] reported on one out of 23 anti-
SRP-positive myositis patients with Raynaud’s. Kao et al. [37]
noted Raynaud’s in 76 % of their patients studied. The overall
association of Raynaud’s phenomenon with anti-SRP-
associated myopathy is quoted as 20–26 % in the recent re-
view by Allenbach et al. [53].

Interstitial Lung Disease (ILD)

Interstitial lung disease (ILD) may also be noted in anti-SRP-
associated myositis patients. Kao et al. [38] reported the find-
ing of ILD in three anti-SRP-positive patients who actually
did not have myositis; however, these patients had connective
tissue disease or another autoantibody associated with ILD. In
the European, multicenter retrospective assessment published
by Hengstman et al. [39], ILD was reported in patients with
anti-SRP-associated myopathy, found in 25 % of the patients
studied. ILD was also reported in one patient in the study by
Takada as previously mentioned [47]. Sugie et al. [48] report-
ed on one patient positive for anti-SRP autoantibody as well as
Jo-1 autoantibody who exhibited symptoms and signs of se-
vere ILD; other patients with anti-SRP autoantibodies only
presented with mild ILD.

Myalgias

Myalgia has been noted as a clinical feature of anti-SRP-
associated myopathy [60]. In their review of IMNM,
Allenbach et al. noted that myalgia is seen in 66–80% of cases
of IMNM [53].

Cardiac

Targoff et al. [7] reported on four out of 12 anti-SRP-
associated myopathy patients with cardiac involvement; three
had arrhythmias, and one had cardiac fibrosis. Love et al. [40]
noted palpitations among the anti-SRP-associated myopathy
patients reported in their study. Abnormalities in heart rate and
rhythms have been noted in other studies; Allenbach et al. [53]
noted in their review paper abnormal electrocardiogram find-
ings in 50 % of cases, including arrhythmias or nonspecific
conduction defects, with clinical signs of cardiac involvement
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present in less than 20 % of cases. In the study by Hengstman
[39], transthoracic echocardiography demonstrated abnormal-
ities in over half of cases, although for 50 % of these patients
were related to previous coronary disease. However, other
studies did not observe an increased incidence of cardiac
events in patients with anti-SRP-associated IMNM [38].

Anti-HMGCR-Associated IMNM

Raynaud’s Phenomenon

Raynaud’s phenomenon is not a frequently seen feature of
anti-HMGCR-associated IMNM.Allenbach et al. [21••] noted
that Raynaud’s was reported in seven out of 45 patients in their
review. Christopher-Stine et al. [23] reported only two of 16
(13 %) patients had Raynaud’s phenomenon.

ILD

ILD does not appear to be a phenotypic feature of HMGCR-
associated IMNM; higher rates overall have not been seen
[21••, 23, 32••].

Myalgias

Myalgias were observed in many studies. Studies reported
50–75 % of patients reporting myalgias [21] [23].

Paraneoplastic IMNM

Malignancy and myositis has been an observed association in
previous studies, predominantly seen in association with DM,
and this relationship has also been noted in cases of PM.
However, myopathy with little or no inflammation but pre-
dominant muscle fiber necrosis has also been noted with ma-
lignancy alone [15], in the absence of PM orDM. There are no
systematic studies assessing the overall risk of cancer in pa-
tients with IMNM. In a case series by Bronner et al. [14] of
patients with IMNM, three out of eight patients had cancer
preceding the diagnosis of myopathy or following it within
3 years of diagnosis.

Amato et al. commented that the most common associated
malignancies seen with IMNM are gastrointestinal tract ade-
nocarcinomas and small cell and non-small cell carcinomas of
the lung, and recommended that a full malignancy workup
should be performed on all patients who present with IMNM
[5••]. Similar observations were noted by Dalakas et al. in
their review of IIMs [22], as well as Levin et al. [17]. Due to
the paucity of cases reported, standardized incidence ratios
have not been calculated [61].

Malignancy may also been seen in the context of anti-
HMGCR-associated IMNM. The study by Christopher-Stine

et al. noted 13 % of patients had a malignancy [23], and in the
study of Allenbach et al. [21••], five out of 45 patients had
cancer.

The authors recommended a full malignancy workup at the
time of diagnosis of IMNM, similar to one that would be
undertaken at the time of diagnosis of PM or DM.

Treatment of IMNM

Avariety of immunosuppressant medications have been used
in the treatment of IMNM. No controlled trials of immuno-
suppressive therapy in IMNM exist, although the use of such
medications has been documented in several reports. It is the
authors’ opinion that IMNM often requires aggressive,
sustained immunosuppression and may be resistant to treat-
ment. Relapses can occur with tapering of immunosuppres-
sion and with re-exposure to statins in the case of anti-
HMGCR-associated myopathy. Whether some anti-
HMGCR-positive patients with significant cardiovascular risk
factors can ever be safely re-exposed to statins remains to be
determined.

Immunosuppressants that have been used in the treatment
of IMNM include methotrexate, azathioprine, mycophenolate
mofetil, rituximab, and often IVIG [11]. Combination therapy
is often utilized. No optimum treatment strategy has yet been
defined for this disease.

Anti-SRP-Associated IMNM

In the treatment of anti-SRP-associated myopathy, prednisone
and another agent such as methotrexate, azathioprine, IVIG,
or rituximab are often needed, and long-term immunotherapy
is often required. Despite treatment, residual deficits are often
seen [45••]. Miller et al. [37] noted six out of seven patients
who were partially or totally resistant to steroid treatment. Kao
et al. [38] reported that ten out of 16 patients required treat-
ment by at least three different drugs and there was often a
need for combined immunosuppressive therapy (methotrex-
ate, azathioprine, cyclosporine, cyclophosphamide, tacroli-
mus, and infliximab) or IVIG. Favorable treatment results
were seen in one third of patients. Hengstman et al. [39] noted
that most patients were treated with a combination of cortico-
steroids and immunosuppressive medications, and that only
two patients were treated with prednisone alone. Other treat-
ments used were methotrexate (n=15 patients), azathioprine
(n=11), cyclosporine (n=5), IVIG (n=5), cyclophosphamide
(n=2), and plasmapheresis (n=2). Most patients were unable
to be weaned off medications, and the relapse rate on tapering
of dosages or stoppage of drugs was 70 %. Most patients had
persisting residual muscle weakness despite treatment. In the
investigation by Wang et al. [49], all patients required the
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addition of methotrexate or IVIG, and relapses were common
during steroid tapering.

In the study by Suzuki et al. [45••],in addition to predni-
sone, 62 (77 %) of 81 patients required additional immuno-
therapy, including IVIG (n=33), intravenous methylpredniso-
lone plus therapy (n=32), tacrolimus (n=22), methotrexate
(n=11), azathioprine (n=11), cyclosporine (n=9), intravenous
cyclophosphamide (n=3), or plasma exchange (n=3). Over
half of the patients were refractory to various treatment regi-
mens, and despite a decrease of the patients’ CK levels, re-
covery of muscle weakness was incomplete. Most patients
required long-term immunosuppressive therapy and experi-
enced side effects.

Rituximab has been studied in the treatment of other types
of myopathy, including PM, DM and juvenile DM in several
case series [62–64].

Rituximab therapy has been shown to result in improved
symptoms and reduced steroid use as well as reduction of SRP
antibody levels in refractory SRP-associated cases [65]. In the
series by Valilyl et al., six of eight anti-SRP patients, previ-
ously refractory to other immunosuppressive therapy, were
treated with rituximab and demonstrated improvement in
muscle strength as well as a decline in CK levels as early as
2 months after treatment. These patients were able to reduce

their doses of adjunctive steroids as well as maintain response
for 12–18 months post initial dosing. However, a study in-
volving two patients with anti-SRP myopathy treated with
rituximab failed to demonstrate a dramatic clinical improve-
ment [66]. Conversely, another study involving two patients
with anti-SRP myopathy who were treated with steroids, plas-
ma exchange, and rituximab therapy resulted in partial to com-
plete, sustained recovery of muscle strength in both patients
[67].

Maeshima et al. [60] reported a case of refractory anti-SRP-
associatedmyopathy that had failed treatment with methotrex-
ate, tacrolimus, and infliximab who ultimately responded to
abatacept, with reduction of previously elevated CK levels
back to normal.

Anti-HMGCR-Associated IMNM

A review of the literature does indicate that most patients
require immunosuppressive drugs and/or immunomodulatory
treatment, in the form of prednisone and another agent, most
commonly methotrexate or IVIG. These treatments have re-
sulted in improvement in strength and lowering of CK values
[20, 21••, 23, 68].

Fig. 1 Diagnostic algorithm for IMNM
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In the case of anti-HMGCR-associated IMNM,
Ramanathan et al. [54] reported on six patients treated with
high-dose steroids and subsequently with varying regimens of
other immunosuppressive agents, including IVIG (n=5), plas-
mapheresis (n=2), and additional therapy including: metho-
trexate (n=6),cyclophosphamide (n=2),rituximab (n=2),aza-
thioprine (n=1), or cyclosporine (n=1). Despite therapy, five
out of six patients experienced a relapse, with between zero
and three relapses per patient after a mean of 4.5 years of
follow-up (range 1.5–11 years). Relapses were associatedwith
steroid tapering or cessation, and most patients experienced
ongoing myopathic symptoms for periods ranging from
6 months to 11 years after cessation, despite institution of
immunosuppressive therapy.

Christopher-Stine et al. [23] noted that most anti-HMGCR-
positive patients had a very modest initial response to predni-
sone and required combination immunosuppressive therapy.
Rituximab and IVIG were helpful additions to prednisone and
azathioprine or methotrexate. Similarly, Werner et al. [55] not-
ed that prednisone and two other immunosuppressive agents
were needed at some time during the treatment course of both
statin-exposed and statin-naïve HMGCR-positive patients
with IMNM. Allenbach et al. [21••] reported that all but two
anti-HMGCR-positive patients with IMNMwere treated with
steroids as first-line treatment, frequently associated with the
use of additional immunosuppressive drugs including metho-
trexate (n=20) and cyclophosphamide (n=1) or intravenous
immunoglobulin (n=10). One severely weak patient was also
treated by plasmapheresis as first-line treatment. All patients
but one who were treated for more than 1 year required inten-
sification by DMARD in the form of additional DMARD
treatment. The mean duration of treatment for 39 treated pa-
tients was 34.1±40.8 months (range 1–180 months), and by
the end of the study, no patient had been able to stop their
treatment for a prolonged time over 1 year because of relapse.

Interestingly, as it was previously noted, refractory anti-
SRP patients usually respond well to treatment with rituxi-
mab, whereas statin-naïve anti-HMGCR patients may not
(12). It has also been suggested that anti-HMGCR-positive
patients, statin-exposed, often improve dramatically with
IVIG, whereas statin-naïve anti-HMGCR patients may be re-
fractory to any immunosuppressive therapy [13]. This reiter-
ates the point that IMNM is a heterogeneous diagnosis, and
that patients with anti-SRP-associated IMNM are different
from those with anti-HMGCR-associated IMNM, despite
similarities in presentation and investigations.

Paraneoplastic IMNM

Wegener et al. [16] published a case report and review of the
literature regarding the treatment of paraneoplastic IMNM.
Treatment of the underlying cancer is the first step in therapy;

however, additional treatment in the form of steroids, IVIG, or
other immunosuppressive drugs may also be warranted.

Conclusions

IMNM may be associated with several underlying etiologies.
Patients will often present with high CK levels and a sub-acute
to acute, rapid, severe onset of weakness. IMNM may be
associated with myositis-specific antibodies, in the context
of statin use, or with malignancy with or without known au-
toantibodies. A lack of extra-muscular manifestations is a gen-
eral rule but other clinical findings may be noted. Other causes
of necrosis of muscle tissue should be ruled out, such as toxin
or drug-induced, or secondary to trauma or infection. Certain
clinical features, including proximal muscle weakness, elevat-
ed CK levels, and necrosis on biopsy can lead to additional
investigations and workup for IMNM (see Figure 1). IMNM
often needs aggressive, prolonged immunosuppression, but
there are no large trials addressing this issue and only a small
numbers of patients have been studied.
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