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Abstract

Purpose of Review—Immune-mediated necrotizing myopathy (IMNM) is a type of 

autoimmune myopathy characterized by relatively severe proximal weakness, myofiber necrosis 

with minimal inflammatory cell infiltrate on muscle biopsy, and infrequent extra-muscular 

involvement. Here, we will review the characteristics of patients with IMNM.

Recent Findings—Anti-signal recognition particle (SRP) and anti-hydroxy-3-methylglutaryl-

CoA reductase (HMGCR) autoantibodies are closely associated with IMNM and define unique 

subtypes of patients. Importantly, the new European Neuromuscular Centre criteria recognize anti-

SRP myopathy, anti-HMGCR myopathy, and autoantibody-negative IMNM as three distinct 

subtypes of IMNM. Anti-SRP myopathy patients have more severe muscle involvement, have 

more common extra-muscular features, and may respond best to immunosuppressive regimens that 

include rituximab. In contrast, anti-HMGCR myopathy is often associated with statin exposure 

and intravenous immunoglobulin treatment may be an effective treatment, even as monotherapy. 

Both anti-SRP and anti-HMGCR myopathy tend to be most severe in younger patients. 

Furthermore, children with these forms of IMNM may present with dystrophy-like features which 

are potentially reversible with immunosuppressant treatment. IMNM patients with either 

autoantibody may experience fatty replacement of muscle soon after disease onset, suggesting that 

intense and early immunosuppressant therapy may provide the best chance to avoid long-term 

disability.

Summary—IMNM is composed of anti-SRP myopathy, anti-HMGCR myopathy, and 

autoantibody-negative IMNM. Both anti-SRP and anti-HMGCR myopathy can cause severe 

weakness, especially in younger patients. Anti-SRP myopathy patients tend to have the most 

severe weakness and most prevalent extra-muscular features. Autoantibody-negative IMNM 

remains poorly described.

Correspondence to: Iago Pinal-Fernandez; Andrew L. Mammen.

Compliance with Ethical Standards
Human and Animal Rights and Informed Consent This article does not contain any studies with human or animal subjects 
performed by any of the authors.

Conflict of Interest The authors declare that they have no conflict of interest.

HHS Public Access
Author manuscript
Curr Rheumatol Rep. Author manuscript; available in PMC 2018 June 27.

Published in final edited form as:
Curr Rheumatol Rep. ; 20(4): 21. doi:10.1007/s11926-018-0732-6.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

Myositis; Autoantibodies; Signal recognition particle; HMGCR protein; human; Necrotizing 
myositis; Polymyositis

Introduction

The inflammatory myopathies are a heterogeneous family of diseases characterized by 

muscle weakness, elevated serum muscle enzyme levels, autoantibodies, and inflammatory 

muscle biopsies. Dermatomyositis (DM), the antisynthetase syndrome, and inclusion body 

myositis (IBM) have long been recognized as distinct subtypes of inflammatory myopathy; 

each has prominent lymphocytic infiltrates on muscle biopsy [1]. However, in the last 15 

years, it has been acknowledged that muscle biopsies from some patients with myositis have 

significant myofiber necrosis and minimal, if any, lymphocytic infiltrates. These patients are 

now widely recognized to have immune-mediated necrotizing myopathy (IMNM), 

sometimes referred to as necrotizing autoimmune myopathy (NAM), a distinct type of 

myositis included in most recent classification schemes for the inflammatory myopathies [2, 

3••, 4].

Autoantibodies have proven useful to define distinct subtypes of myositis patients that share 

immunogenetic markers, environmental exposures, clinical features, histological features, 

and prognosis. To date, two different autoantibodies have been described in association with 

IMNM, those recognizing the signal recognition particle (SRP) and those targeting 

hydroxy-3-methylglutaryl-CoA reductase (HMGCR). The SRP complex is composed of a 

7S RNA and six protein subunits with molecular weights of 9, 14, 19, 54, 68, and 72 kDa. 

The function of the SRP complex is to recognize and target proteins to the endoplasmic 

reticulum. Autoantibodies recognizing the SRP were first identified in the 1980s [5, 6] by 

RNA immunoprecipitation using serum from myositis patients. Using this technique, it was 

found that all patients with anti-SRP immunoreactivity immunoprecipitated the 7S RNA 

associated with the SRP complex. Further studies demonstrated that autoantibodies from 

most, but not all, anti-SRP-positive patients recognize the 54-kDa protein of the SRP 

complex. Many or all of the rest of the protein subunits of the SRP complex could also be 

immunoprecipitated from most patients [6, 7].

Anti-HMGCR autoantibodies were discovered in 2010 by screening serum from 

“autoantibody-negative” necrotizing myositis patients for novel immunospecificities [8]. It 

was initially found that serum from some of these patients immunoprecipitated 100- and 

200-kDa proteins from HeLa cell extracts. The 100-kDa protein was subsequently identified 

as the monomeric form of HMGCR, the rate-controlling enzyme of the cholesterol pathway. 

HMGCR dimers are thought to form the 200-kDa protein [9].

Previous myositis classification criteria relied exclusively on muscle biopsy features to 

categorize patients as having IMNM [2]. However, it is now appreciated that predominant 

necrosis on muscle biopsy may be found in a significant number of patients with other types 

of myositis. For example, necrosis is the predominant feature in 16% of those with DM [10], 

15% of those with anti-Jo1-positive antisynthetase syndrome [10], and 21% of those with 
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scleroderma-myositis [11], as well as some hereditary myopathy patients [12]. Conversely, 

15–30% of patients with anti-SRP or anti-HMGCR myopathy have significant perivascular 

infiltrates in their muscle biopsies, but are otherwise clinically indistinguishable from other 

IMNM patients [8, 13••]. Given the current limitations of the muscle biopsy to classify 

patients accurately and the utility of autoantibodies to define relatively homogeneous subsets 

of patients, myositis-specific autoantibodies are increasingly relied upon as disease subtype-

defining markers. Following this trend, the most recent European Neuromuscular Centre 

(ENMC) criteria for IMNM (2017) divide this syndrome into three subtypes: anti-SRP 

myopathy, anti-HMGCR myopathy, and antibody-negative IMNM [3••]. The presence of 

elevated creatine kinase (CK) levels and proximal weakness is sufficient to diagnose the 

disease subtype in those patients that are positive for anti-SRP or anti-HMGCR 

autoantibodies; for those that are autoantibody-negative, it is necessary to obtain a muscle 

biopsy to demonstrate the characteristic features of a necrotizing myopathy (Table 1) [3••]. 

Consistent with the latest ENMC criteria, we will recognize these three subtypes of IMNM 

as separate entities, focusing our attention on the two best-characterized subtypes, anti-SRP 

and anti-HMGCR myopathy.

Epidemiology

The autoimmune myopathies are rare diseases, with a prevalence of just 9–14 cases per 

100,000 people [14, 15], and only ~ 10% of these have either anti-SRP or anti-HMGCR 

myopathy [9, 16••]. As will be discussed in more detail, both anti-SRP and anti-HMGCR 

myopathies can occur in children [17••, 18••, 19•, 20]. Among adult patients, those with 

anti-SRP myopathy tend to be younger [16••] than those with anti-HMGCR myopathy (~ 40 

vs. ~ 55 years of age). Of note, the mean age of non-statin-exposed anti-HMGCR myopathy 

patients (~ 40 years old) [21••] is similar to the mean age of those with anti-SRP myopathy, 

suggesting the possibility that anti-HMGCR myositis may be composed of two 

epidemiologically different populations of patients, those triggered by medical statins and 

those that are not. At least two additional epidemiological observations support this 

hypothesis. First, in some Asian cohorts [22] where statin exposure in anti-HMGCR 

myopathy is infrequent, the age of disease onset is similar to that seen in anti-SRP myopathy 

[21••, 22, 23]. Second, although both anti-SRP and anti-HMGCR myopathy are more 

common in women, this gender bias is reduced in statin-exposed anti-HMGCR patients 

[13••, 16••, 21••].

Interestingly, unlike other types of myositis [24], neither anti-SRP nor anti-HMGCR 

myopathy shows a clear predominance for Black patients over Caucasian or Asian 

populations.

Clinical Features

The hallmark feature of patients with IMNM is the presence of proximal muscle weakness. 

Indeed, most IMNM patients experience only this clinical manifestation and finding 

significant skin or lung involvement should suggest the possibility of another type of 

inflammatory myopathy, even if the muscle biopsy shows prominent necrosis [13••, 16••, 

21••].
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Specifically, interstitial lung disease occurs in just 10–20% of patients with anti-SRP 

myopathy and in less than 5% of those with anti-HMGCR myopathy [13••, 16••, 21••]. 

Furthermore, skin involvement or other extra-muscular features occur in less than 10% of 

patients in both groups [13••, 16••, 21••]. The first reports of anti-SRP myopathy stressed the 

high prevalence of severe cardiac involvement in this IMNM group [25–27]. However, more 

recent descriptions of large cohorts have only shown this clinical manifestation in a 

relatively small number of anti-SRP myopathy patients [13••, 16••, 21••]. Cardiac 

involvement has only rarely been described in anti-HMGCR myopathy.

In children, anti-SRP and anti-HMGCR myopathy may present with slowly progressive 

proximal muscle weakness that can be difficult to differentiate clinically from a limb girdle 

muscle dystrophy. Thus, testing for these autoantibodies should be an essential part of the 

evaluation of children thought to have a muscular dystrophy but who have no family history 

or genetically confirmed diagnosis [17••, 18••, 19•, 20, 28, 29•].

Cancer Association

In patients with some types of inflammatory myopathy, especially in dermatomyositis 

patients with anti-TIF1g autoantibodies, there is an increased risk of cancer within 3 years of 

the myositis diagnosis; these patients are defined as having cancer-associated myositis. In 

those with IMNM, the risk of cancer depends on the disease subtype. Specifically, 

autoantibody-negative IMNM has been associated with a markedly increased risk of 

malignancy (95%SCR CI: 8.35–24.41) [30••]. In contrast, anti-HMGCR myopathy may 

have a relatively weak association with cancer (95%SCR CI: from 0.4–2.4 to 1.02–6.07) 

[30••], although this has not been demonstrated in all cohorts [21••, 31•, 32•, 33••]. Finally, 

anti-SRP myopathy is not associated with cancer [13••, 16••, 30••, 33••, 34•].

Diagnosis and Management

Autoantibodies

Autoantibody testing is necessary to classify patients with IMNM since the division of 

patients into subtypes (e.g., anti-HMGCR myopathy) relies on autoantibody status. 

Unfortunately, uniform methods to test for myositis autoantibodies have not been validated 

and widely adopted. Thus, there is significant variability between autoantibody testing 

techniques in laboratories around the world.

As is the case for many other autoantibodies, IMNM autoantibody testing methods can be 

divided in screening and confirmatory procedures. Among screening techniques, the most 

commonly used are the enzyme-linked immunosorbent assay (ELISA), the line blot assay, 

the dot blot assay, and the addressable laser bead immunoassay (ALBIA). In general, 

screening tests have a high sensitivity but may lack specificity compared with the 

confirmatory techniques. Thus, positive results using these methods may have to be 

considered provisional until confirmed by another technique. The most common 

confirmatory techniques include using patient serum to immunoprecipitate radioactively 

labeled proteins from cell extracts or purified proteins that have been produced by in vitro 

transcription and translation (IVTT). Alternatively, RNA immunoprecipitation 
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methodologies can be used as confirmatory techniques in cases where the autoantibodies 

recognize a complex including RNA (e.g., the 7S RNA of the SRP).

Anti-SRP autoantibodies are usually screened by ELISA or line blot techniques. However, it 

should be noted that commercially available kits often only test for the 54-kDa SRP subunit. 

Since a small number of anti-SRP-positive patients do not have reactivity against this 

protein, a few false negatives may result [13••].

The presence of anti-SRP autoantibodies can be confirmed either by RNA-IP or by IP of 

radioactively labeled whole cell extract or IVTT protein products. Since the 7S RNA should 

be immunoprecipitated regardless of the protein subunit recognized by the autoantibodies, 

RNA-IP may be the most reliable confirmatory technique for anti-SRP autoantibodies [13••]. 

However, considering that RNA-IP is labor intensive, not easily automated, and requires 

expertise to perform and interpret, its use is limited to specialized labs or research settings.

Anti-HMGCR autoantibodies are usually screened by means of an ELISA assay. However, it 

should be noted that the anti-HMGCR ELISA may have a false positive rate of up to 0.7% 

[35, 36••]. Thus, we recommend against testing for these autoantibodies in the large number 

of patients with statin-associated muscle symptoms. Rather, in clinical practice, we suggest 

routine screening for anti-HMGCR autoantibodies only when the pre-test probability of anti-

HMGCR myopathy is high. This would include patients with significant CK elevations and 

muscle weakness that does not improve following statin discontinuation. Additionally, 

screening for anti-HMGCR autoantibodies would be indicated in any patient with a 

necrotizing muscle biopsy. Recently, a new and distinct immunofluorescence pattern 

(HALIP) has been described in patients with anti-HMGCR autoantibodies. This pattern 

could be useful as a screening technique in settings where the specific immunologic tests are 

not readily available [37•].

In contrast, in the research setting, when screening large numbers of patients with a 

relatively low pre-test probability, the presence of anti-HMGCR autoantibodies should be 

confirmed by another method, such as immunoprecipitation of purified HMGCR protein.

Muscle Strength

Since proximal muscle weakness is the predominant clinical feature in patients with IMNM, 

documenting the degree of weakness is a critical aspect of managing these patients. The 

medical research council (MRC) scale is the most widely accepted system to measure the 

strength level in individual muscles [38, 39]. However, the MRC scale has a limited capacity 

for documenting the full spectrum of strength in those with moderate weakness (i.e., those 

with an MRC strength score of 4, who have “active movement against gravity and 

resistance”). In addition, it has a ceiling effect, such that some patients with diminished 

strength may still be scored as having normal power (an MRC score of 5). In our experience, 

including quantitative muscle strength testing, especially of the arm abductors and hip 

flexors, using a hand-held dynamometer has several advantages over using the MRC scale 

alone. For example, it may be possible to document moderate, but important, changes in 

muscle strength that are not fully captured using the MRC scale.
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Creatine Kinase

In general, patients with IMNM have the greatest muscle enzyme elevations among those 

with various forms of myositis. Specifically, the median peak CK is around 4700 IU/L in 

anti-HMGCR and anti-SRP myopathy, around 700 IU/L in DM (including clinically 

amyopathic forms), and around 1300 IU/L in the antisynthetase syndrome (data not 

published).

It is well known that in patients with some forms of myositis, serum CK levels may not 

accurately reflect disease activity. For example, some dermatomyositis patients can have 

significant disease activity, including muscle weakness, without serum CK elevations. 

Presumably, in these patients, myofiber atrophy, perivascular inflammation, and other insults 

result in muscle dysfunction without disruption of the muscle cell membrane and consequent 

release of CK. In contrast, IMNM patients have prominent myofiber necrosis and, to the best 

of our knowledge, disease activity is almost always associated with elevated CK levels.

Several additional points are worth mentioning regarding CK levels in patients with IMNM. 

First, muscle enzyme elevations may precede the development of weakness in IMNM. 

Consequently, some anti-HMGCR myopathy patients may masquerade as “benign 

hyperCKemia.” Also, CK elevations may be used to detect incipient flares in patients who 

are being weaned from therapy; thus, we recommend that CK levels be followed closely in 

this context. Second, after starting therapy, CK levels often decline first, with muscle 

regeneration and the recovery of strength following weeks or even months later. Therefore, 

we would usually recommend against escalating therapy in an IMNM patient whose CK has 

normalized. Third, in patients who have had longstanding or poorly treated disease, a 

significant amount of muscle tissue may have been permanently replaced by fat and 

connective tissue. These patients may not have CK elevations even if they have active 

disease in their remaining muscles. Since they will also likely have permanent weakness 

from chronic muscle damage, the only way to assess disease activity in such patients may be 

to obtain a muscle magnetic resonance imaging (MRI) study.

Although it applies to patients with any form of myopathy, another point regarding serum 

CK levels should be mentioned. Namely, muscle enzyme levels increase exponentially in 

muscle diseases. Thus, an increase of the CK level from 100 to 1000 IU/L represents the 

same fold change in disease activity as when CK levels increase from 1000 to 10,000 IU/L 

(Fig. 1). This is important to keep in mind when caring for patients in the clinic. 

Furthermore, this means that in the research setting, logarithmic transformation of the CK is 

required for statistical analyses so as not to (a) miss detecting clinically relevant associations 

or (b) bias the results due to extremely high individual CK levels.

Muscle Magnetic Resonance Imaging

MRI can be used to help with the management of patients with IMNM as it can show the 

distribution and severity of both active disease and chronic muscle damage. Both T1-

weighted and short tau inversion recovery (STIR) sequences should be obtained in patients 

with IMNM. Intramuscular hyperintensities on the STIR sequences reflect active muscle 

edema associated with inflammation or myofiber necrosis; this is expected to resolve with 
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successful treatment of the underlying autoimmune muscle disease. In contrast, T1-weighted 

images can be used to assess fatty replacement, which, to the best of our knowledge, is an 

irreversible consequence of a chronic and/or severe myopathic process.

Muscle MRI has only limited value in diagnosing patients with IMNM because it 

discriminates poorly between patients with IMNM compared to other types of myositis (e.g., 

dermatomyositis) [40••]. However, muscle MRI may be a useful tool to monitor the 

evolution of muscle disease over time. In this regard, we have recently shown that in all 

types of myositis, including IMNM, fatty replacement begins very early after the onset of 

the disease. This suggests the possibility that early and intense induction therapy may help to 

decrease long-term disability in these patients [40••].

As muscle involvement may be patchy, muscle MRI can be used to increase the diagnostic 

accuracy of a muscle biopsy by allowing the surgeon to target an affected region; muscles 

with edema but minimal fatty replacement are preferred biopsy locations. A recent study 

showed that performing a biopsy in regions with edema increases the likelihood of obtaining 

a diagnostic biopsy whereas non-diagnostic biopsies may be more likely when a muscle 

without edema or with significant fatty replacement is selected [41].

In general, patients with active IMNM have MRI evidence of generalized muscle edema, 

muscle atrophy, and fatty replacement of muscle with minimal fascial edema. Compared 

with other types of myositis patients, IMNM patients have relatively less involvement of the 

anterior compartment, which is especially striking compared with IBM patients, where 

involvement of the anterior compartment is extremely common. Overall, the extent of 

muscle involvement as assessed by MRI is higher in IMNM patients than in those with DM 

or polymyositis (PM) and similar to IBM (Fig. 2) [40••, 42].

Compared to anti-HMGCR myopathy patients, the muscle MRI of anti-SRP myopathy 

patients demonstrates a more severe form of myopathy as reflected by higher rates of 

atrophy and fatty replacement. Specifically, anti-SRP patients show more extensive edema, 

atrophy, and fatty replacement in the lateral rotator group; more atrophy and fatty 

replacement in the anterior compartment; and more atrophy in the medial compartment 

[40••]. To date, the muscle MRI characteristics of autoantibody-negative IMNM have not 

been described.

Muscle Biopsy

Muscle biopsies in patients with each subtype of IMNM include examples of muscle cell 

necrosis and muscle cell regeneration; these features are often widespread, but may be 

infrequent in patients with less severe disease [1, 2, 8, 13••, 34•, 43•]. As in other forms of 

myositis, anti-HMGCR and anti-SRP myopathy cases usually have multifocal upregulation 

of class I major histocompatibility complex (~ 50%) and the deposition of membrane attack 

complex (MAC) on the sarcolemma of non-necrotic muscle fibers (~ 20–50%) [1, 2, 8, 13••, 

32•, 33••, 34•, 43•]. The presence of perifascicular atrophy or non-necrotic fibers surrounded 

and invaded by lymphocytes (primary inflammation) is uncommon, if ever present [1, 2, 8, 

13••, 32•, 33••, 34•, 43•]. In anti-HMGCR myopathy, it has been shown that the 

inflammatory infiltrate is mainly composed of macrophages, but that scant CD4+ or CD8+ 
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(both ~ 50%) lymphocytes as well as CD123+ plasmacytoid dendritic cells (~ 70%) can also 

be present (Fig. 3) [43•].

Few studies have directly compared the pathologic features of the different IMNM subtypes. 

However, one analysis suggested that sarcolemmal MAC deposition may be more common 

in anti-HMGCR (65%) than in anti-SRP patients (22%) [33••]. The detailed pathologic 

features of autoantibody-negative IMNM patients have not been described.

As stated previously, the recent ENMC criteria do not strictly require a muscle biopsy to 

diagnose anti-HMGCR or anti-SRP myopathy. However, as serological studies may take 

weeks or longer to become available, a muscle biopsy may still be useful to help establish an 

autoimmune etiology (e.g., by showing MHC-I upregulation) and to exclude other 

diagnoses. Furthermore, a muscle biopsy is required to establish the diagnosis of antibody-

negative IMNM.

Other Diagnostic Tests

The electromyogram (EMG) may be useful early in the diagnostic workup to confirm the 

presence of a myopathic pattern and to rule out other causes of muscle weakness, like 

neuropathy or myasthenia gravis.

If pulmonary involvement is suspected, pulmonary function tests and high-resolution 

computed tomography (HRCT) of the chest may be useful to detect and monitor this. HRCT 

should be performed at diagnosis if there is any suspicion of lung involvement and repeated 

if there are changes in the clinical course of the patient from a pulmonary standpoint. Even 

though interstitial lung disease is uncommon in IMNM, severely affected patients may have 

a restrictive pattern on PFTs due to weakness of the respiratory muscles. In this scenario, 

besides the classical pulmonary function test parameters and the DLCO determination, the 

maximum inspiratory and expiratory pressures can be helpful to monitor the progression of 

disease.

No evidence-based guidelines indicate what type of cancer screening should be performed in 

newly diagnosed myositis patients, including those with IMNM. Nonetheless, given that 

cancer may be associated with IMNM, we recommend chest and abdomen computed 

tomography as well as age- and gender-appropriate cancer screening (i.e., colonoscopy in 

those over 50 years old, and mammogram, PAP smear, and a gynecologic examination in 

women). Of note, one study has suggested that a single PET scan may be just as sensitive to 

detect cancer in other myositis patients compared to the combination of all of the other tests 

[44]. Future studies will be required to determine if this is the case for IMNM patients as 

well.

Prognosis

Muscle prognosis in IMNM is worse than in most other types of myositis, and the 

percentage of IMNM patients who have persistent weakness despite intense 

immunosuppressant treatment is significant [13••, 16••, 21••]. Specifically, around half of 

anti-SRP and anti-HMGCR myopathy patients continue to have significant weakness after 2 
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years of treatment. In both groups, younger age seems to be the factor most closely 

associated with a worse prognosis. In this regard, some reports of IMNM in children have 

suggested that juvenile forms of this disease may be considerably resistant to treatment 

[17••, 18••, 19•, 20]. However, a recent case report and small case series have shown that 

children with anti-HMGCR and anti-SRP myopathy, respectively, can have a dramatic 

improvement with immunosuppressive therapy [28, 29•]. Also, one report demonstrated that 

Black patients have a trend towards more severe forms of the disease compared to White 

patients, although this needs to be confirmed in further studies [13••, 16••, 21••]

Treatment

Importantly, there are no clinical trials to guide therapeutic decisions in IMNM and most of 

the following recommendations are derived from case series, observational studies, and the 

personal experience of clinicians. Nonetheless, most experts agree that treatment of IMNM 

should be initiated early and may need to be intense to avoid long-term disability. As in 

other forms of myositis, treatment intensity in IMNM should be individualized on a case by 

case basis with the most intensive therapy reserved for those with the most severe and/or 

rapidly progressive disease. Of note, an ENCM working group recently recommended that 

corticosteroids plus methotrexate may be a good initial treatment (Table 2) [3]. Alternatives 

to methotrexate would include azathioprine, mycophenolate, tacrolimus, cyclosporine, or 

cyclophosphamide, but the evidence to support the use of one of these over another is 

limited.

The ENMC treatment guidelines, based on case series and observational cohort studies, 

suggest that rituximab should be used in anti-SRP patients who fail to respond to steroids 

and another agent [3, 16••, 45]. In anti-HMGCR myopathy, intravenous immunoglobulin 

(IVIG) was recommended for refractory disease and, based on a small case series [46••], 

may even be considered as monotherapy for patients who have contraindications to the use 

of steroids. In our experience, a combination of treatments (e.g., high-dose corticosteroids, 

methotrexate, rituximab, and IVIG) may be required to achieve a clinical response in the 

most severely affected individuals, especially in young patients with anti-SRP myopathy.

Etiopathogenesis and Physiopathology

Although the causes of IMNM are still unknown, strong immunogenetic predisposing 

factors have been identified in anti-HMGCR myopathy. In adults, the class II MHC allele 

DRB1*11:01 is strongly associated with anti-HMGCR myopathy [32•, 47, 48•], with an 

increased odds ratio (OR) of 24.5 in Whites, 56.5 in Blacks, and 3.7 in Asian populations 

[32•, 47, 48•]. In contrast, children with anti-HMGCR have an increased prevalence of the 

DRB1*07:01 allele [17••, 28]. Of note, in the Japanese population, it has been shown that 

the risk of developing anti-SRP myopathy is associated with the HLA-DRB1*08:03 allele 

(OR 2.5, 95% CI 1.4–4.3) [48•].

In those with anti-HMGCR myopathy, the preponderance of evidence has established that 

statin exposure is a risk factor for developing the disease. Thus, in the original description of 

the anti-HMGCR autoantibodies, the prevalence of statin exposure at the onset of the disease 
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was 89% in anti-HMGCR patients over age 50, compared to < 37% in DM, PM, or IBM 

groups [8]. Also, compared to anti-SRP patients, statin exposure was highly associated with 

anti-HMGCR autoantibodies both in American (OR 32.9, p < 0.001) [21••] and in Asian 

cohorts (4 vs. 18%, p = 0.02) [33••].

Nonetheless, the prevalence of statin exposure in anti-HMGCR myopathy patients differs 

depending on the origin of the cohort. For example, the percentage of HMGCR patients with 

statin exposure ranged from 38 to 63% in US cohorts [8, 34•], was 44% in a European 

cohort [23], and was only 14–38% in Asian cohorts [22, 49]. Interestingly, statins are present 

in some foods and dietary supplements including certain types of fungus (like the oyster 

mushroom) [50], red yeast rice [51], or pu-erh tea [52]. These alternative sources of statins 

are common in Asian cooking, suggesting the possibility that the weaker association 

between anti-HMGCR and medical statin exposure in Asian cohorts may be explained by 

the higher exposure to these other alimentary sources of statins.

Statins could contribute to breaking immune tolerance to HMGCR by several mechanisms. 

For example, statins are known to increase the expression of HMGCR [53] and this could 

lead to aberrant processing of the protein with the subsequent production of neoantigens. 

Alternatively, statin binding might change the conformation of the HMGCR protein, making 

it more immunogenic or more effectively presented by MHC molecules. Further studies will 

be required to test these possibilities.

As discussed earlier, some IMNM patients have an increased risk of cancer. This raises the 

possibility that some IMNM subtypes, especially antibody-negative IMNM, could be 

triggered by tumors. However, the association with cancer is probably not as strong as in 

those with the anti-TIF1g-positive dermatomyositis [30••, 54, 55].

Viral infections represent another possible trigger of IMNM. In support of this, it has been 

observed that there is a seasonal pattern to the development of anti-SRP myopathy, with a 

peak in the month of November [56]. Furthermore, since both the 54-kDa subunits of SRP 

and the HMGCR protein share regions of homology with proteins of the varicella zoster 

virus and the human papillomavirus type 58, respectively (data not published), it is feasible 

that exposure to these viruses could generate an immune response against the human protein 

through molecular mimicry.

Although the mechanisms underlying myofiber necrosis have not been elucidated, given that 

IMNM patients have MAC on the surface of non-necrotic muscle fibers [8, 23, 43•], it could 

be that myofiber toxicity occurs as a result of antibody-dependent complement-mediated cell 

death. In this regard, it is noteworthy that recent in vitro data suggest that anti-HMGCR and 

anti-SRP autoantibodies may have a direct toxic effect on muscle cells. However, rather than 

causing necrosis in vitro, these autoantibodies were proposed to induce muscle fiber atrophy, 

increase levels of reactive oxygen species and proinflammatory cytokines like the tumor 

necrosis factor and IL-6, and impair myoblast fusion by decreasing the production of IL-4 

and IL-13. Furthermore, the toxic effects anti-SRP and/or anti-HMGCR autoantibodies have 

not yet been demonstrated in animal models [57••].
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Conclusions

IMNM, a type of autoimmune myopathy, is now recognized to include at least three distinct 

serologically defined subtypes: anti-SRP myopathy, anti-HMGCR myopathy, and antibody-

negative IMNM. While each of these has myofiber necrosis as the predominant histological 

feature on muscle biopsy, the different IMNM subtypes have different environmental risk 

factors, genetic risk factors, cancer risks, extra-muscular manifestations, and prognoses. This 

raises the possibility that the different IMNM subtypes represent fundamentally different 

diseases. As such, they may have distinct pathological mechanisms and may respond 

differently to various therapeutic modalities. This would have important consequences for 

clinical trials to define optimal treatment strategies for IMNM patients, some of whom have 

severe and sometimes refractory muscle disease.
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Fig. 1. 
Association of creatine kinase (CK) levels with anti-HMGCR titers (a and b) and examples 

of the evolution of strength and CK over time in a patient with immune-mediated necrotizing 

myopathy (c and d). Expressing the CK levels in a logarithmic scale (a and c) correlates 

better with the activity of the disease (autoantibody levels and strength) than when using it in 

a linear scale (b and d)
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Fig. 2. 
Examples of T1-weighted (T1W) turbo spin echo (TSE) and short tau inversion recovery 

(STIR) sequences showing edema (red arrow), atrophy (red arrow head), and fatty 

replacement (blue arrow) in a patient with immune-mediated necrotizing myositis (IMNM)
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Fig. 3. 
Representative muscle biopsy of a patient with immune-mediated necrotizing myopathy, 

showing degenerating fibers (arrow head), myophagocytosis (arrow), and many atrophic 

fibers
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Table 1

2017 ENMC criteria for immune-mediated necrotizing myopathy. Drug/toxin-induced myopathy should be 

excluded

Serologic criteria Muscle biopsy features Clinical criteria

Anti-SRP myositis Anti-SRP antibody Not required High creatine kinase

Anti-HMGCR myositis Anti-HMGCR antibody Proximal weakness

Antibody-negative IMNM No myositis-specific antibody - Necrotic fibers

- Different stages of:

Necrosis

Myophagocytosis

Regeneration

- Paucilymphocytic infiltrate
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Table 2

2017 ENMC treatment recommendations for immune-mediated necrotizing myopathy

Induction - Oral steroids: 1 mg/kg/day

If severe: IV steroids—0.5 to 1 g/day, 3–5 days

- Within 1 month, start one or two of the following:

Oral/sc methotrexate (0.3 mg/kg/week, max 15 mg/w in children and 20 mg/week in adults)

Rituximab 750 mg/m2 (max 1 g) D1 + D7–15

IVIG 2 g/kg/m, 3–6 times

- If not adequate response within 6 months, reconsider adding Rituximab

Maintenance - Taper oral corticosteroids to the minimum dose

- Continue methotrexate at least 2 years of well-controlled disease (tapper later at 2.5 mg/week each month)

- Continue rituximab every 6 months at least 2 years of well-controlled disease.

- If IVIG was started, they may be stopped or tapered, as tolerated.
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