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Abstract

Purpose of Review: The idiopathic inflammatory myopathies are a heterogeneous group

of autoimmune disorders characterized by skeletal muscle inflammation leading to chronic
muscle weakness. Immune-mediated necrotizing myopathy (IMNM) is a distinct subgroup of
inflammatory myopathy typically characterized by myofiber necrosis with minimal inflammatory
infiltrates on muscle biopsy, highly elevated creatine kinase levels, and infrequent extra-muscular
involvement. This review provides an overview of currently recommended treatment strategies
for IMNM, including discussion of disease activity monitoring and recommended first-line
immunomodulatory agents depending on clinical phenotype and autoantibody status.

Recent Findings: IMNM can be divided into three subtypes based on autoantibody positivity:
anti-3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR) IMNM, anti-signal recognition
particle (SRP) IMNM, and antibody negative IMNM. Autoantibody status in IMNM has
considerable correlation with clinical phenotype, prognosis, and recommended choice of
immunosuppressive agent. Patients with anti-HMGCR IMNM tend to respond well to intravenous
immunoglobulin (IVIG), and IVIG monotherapy may be sufficient treatment for certain patients.
In anti-SRP IMNM, early rituximab is commonly favored. More generally, prompt initiation of
aggressive immunosuppression is often indicated, as both anti-SRP and anti-HMGCR IMNM can
potentially cause debilitating weakness, and muscle atrophy and irreversible fatty replacement
happen early in the disease course. Patients with IMNM frequently require combination therapy to
achieve disease control, and have a high rate of relapse when tapering immunosuppression. Young
age of onset is a poor prognostic factor.
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Summary: IMNM can be severely disabling and often requires aggressive immunosuppression.
For any given patient, the treatment strategy should be informed by the severity of their presenting
features and autoantibody status. While our ability to treat IMNM has certainly improved, there
remains a need for more prospective trials to inform optimal treatment strategies.
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INTRODUCTION

The idiopathic inflammatory myopathies (1IM) are a heterogeneous group of autoimmune
disorders characterized by chronic muscle weakness and skeletal muscle inflammation.
Immune-mediated necrotizing myopathy (IMNM) is a distinct subgroup of 1IM classically
characterized by predominant myofiber necrosis with minimal inflammatory infiltrates

on muscle biopsy(1). IMNM is also distinguished from other categories of 1M by

highly elevated creatine kinase (CK) levels, paucity of extra-muscular involvement, and,
occasionally, more severe disease that is difficult to fully control with immunosuppressive
therapy(2). IMNM can be classified based either on proposed European Neuromuscular
Centre (ENMC) criteria(3) or, in routine practice, the detection of characteristic myositis-
associated autoantibodies in the appropriate clinical context. Indeed, the most recent
ENMC criteria divide IMNM into three subtypes based on autoantibody positivity: anti-3-
hydroxy-3-methylglutaryl-CoA reductase (HMGCR) IMNM, anti-signal recognition particle
(SRP) IMNM, and antibody negative IMNM(4). IMNM can also occur in association with
malignancy or other connective tissue disorders such as scleroderma(5,6). The focus of this
review will be on the three primary subtypes of IMNM based on autoantibody positivity,
though the general treatment principles discussed herein also apply to patients who have an
overlap syndrome with associated necrotizing myositis.

While it is likewise outside the scope of this review to discuss the presentation and diagnosis
of IMNM in detail, it is important to understand certain clinical features as they relate to
guiding therapeutic decisions. Autoantibody status in IMNM has considerable correlation
with clinical phenotype, prognosis, and recommended choice of immunosuppressive
therapy. We will thus briefly describe these typical autoantibody phenotypes and, later, detail
treatment of IMNM in relation to autoantibody status.

The first reports of what is now known as anti-HMGCR IMNM described a necrotizing
myositis associated with statin usage that, in comparison to the more common drug-induced
toxic myopathy, did not improve after statin discontinuation and in fact required aggressive
immunosuppression to treat(7,8). The anti-HMGCR antibody was later identified(9,10). We
now also appreciate that roughly one third of North American patients with anti-HMGCR
IMNM do not have any statin exposure(10). Those who are statin-naive tend to be younger,
have higher CK levels, are more likely to be Asian, and at the same time, younger patients
may be less responsive to treatment(11-14). Anti-HMGCR IMNM generally affects men
and women roughly equally, though some studies have shown a female predominance(15).
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Anti-SRP IMNM is one of the most severe inflammatory myopathies, and tends to cause
rapidly progressive weakness with markedly elevated CK(16-20). Women are affected more
often than men(21,22). Dysphagia is present in roughly half of patients at the time of
diagnosis(16,19,20) and muscle damage is more intense(23) compared to those with anti-
HMGCR.

Compared to the other two autoantibody groups, seronegative IMNM remains poorly
described. Indeed, this subgroup of IMNM may represent its own heterogeneous subfamily
of disorders associated with hitherto unidentified autoantibodies and/or other unknown
precipitants of disease. The most notable unifying feature of this group is a markedly
increased risk of synchronous malignancy(5) which is discussed in greater detail below.

MEDICATION MANAGEMENT

Goals of Treatment

General goals of treatment in IMNM (and I1M overall) include maximizing strength

and functional status, normalizing creatine kinase (CK), and minimizing medication side
effects. While the ideal scenario is for a patient to achieve fully normal strength, this

may not be possible depending on how much irreversible fatty replacement of muscle has
already occurred prior to starting immunosuppressive medication. We thus aim for complete
suppression of appreciable muscle inflammation in order to prevent further damage and to
help patients regain as much strength as possible.

It follows that strength needs to be clinically reassessed periodically. Manual muscle testing
(MMT) remains the standard in this respect, as it is simple and quick to perform at clinical
visits(24). It is not without limitations, however. MMT has been associated with a ceiling
effect in patients with high baseline strength and/or only mild weakness(25,26). It also

lacks the ability to assess other aspects of muscle function, like endurance. In comparison,
the myositis Functional Index-2 (FI2) examines muscle endurance by asking patients to
repeat certain movements to the beat of a metronome(25). The FI2 correlates with functional
status, changes in response to treatment, and does not have the ceiling effect seen with
MMT(25-28). In our cohort, we found that the FI2 can identify deficits that MMT does not.
Specifically, FI2 correlated with MMT and inversely with CK, but was highly variable and
often abnormal in patients with normal strength by MMT(29). The FI2 is time consuming
and thus difficult to apply routinely in clinical practice, but does highlight the need for
caution when interpreting otherwise “normal” manual strength testing in a patient who
remains symptomatic, functionally limited, or with serological or imaging evidence of active
muscle inflammation.

In parallel to physical exam, muscle inflammation should also be assessed by following
muscle enzymes such as CK and aldolase. We generally aim for a CK within normal limits,
as indicated by the performing lab, for a patient to be considered in remission, as an elevated
CK commonly indicates active disease even in the context of normal muscle strength. In
such cases, muscle MRI can be useful in revealing the presence and extent of muscle
involvement. Nevertheless, the optimal treatment approach in these situations is not known
—that is, it is not clear if it is better to monitor a patient on their existing regimen (at the
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risk of allowing further muscle damage) or to add immunosuppression (increasing the risk
of infection and medication side effects). Given the lack of clinical evidence to support

one strategy over the other, this decision should be based on a discussion with the patient
regarding the risks and benefits of a more aggressive approach and should take into account
individual factors such as the patient’s age, activity level, infection risk, etc.

General Approach to Treatment

Immunomaodulation is the cornerstone of treatment in IMNM, as with I1M in general
(excluding inclusion body myositis). At the time of diagnosis, corticosteroids are often

the first agent given due to their rapid and broad overall efficacy in 11M(4,30,31). A

dose of 1 mg/kg/day of prednisone (or equivalent) is a typical starting dose, though

pulsed methylprednisolone can be considered in patients with severe or rapidly progressive
weakness, dysphagia, respiratory failure, or other severe organ damage. While not a standard
practice, one could avoid steroids depending the severity of the presenting symptoms, and
initiate the steroid sparing regimen instead or utilize IVIG as a fast-acting agent (32-34),
thus sparing the patient from the unnecessary side effects of steroids.

All patients with IMNM should additionally be started on a steroid-sparing agent up front.
There are unfortunately no clinical trials to guide the selection of immunosuppressive agent
in IMNM and thus treatment has historically been guided by observational studies and
expert opinion. Treatment guidelines suggested by an ENMC working group(4) propose

a combination of corticosteroids and methotrexate as appropriate first-line therapy for
IMNM in general. For patients with anti-HMGCR IMNM, the addition of intravenous
immunoglobulin (IVIG) instead of or in addition to methotrexate is recommended. Similarly,
for those with anti-SRP disease, the use of rituximab instead of or in addition to
methotrexate is encouraged. Indeed, initial choice of immunosuppressive drug(s) should be
heavily informed by autoantibody status and overall severity of disease and these phenotypic
considerations will be discussed shortly.

IMNM can be disabling and difficult to treat. Within our cohort, only half of patients with
anti-SRP IMNM achieved normal or near-normal strength even after four years of treatment,
with similar results in anti-HMGCR patients after two years(14,35). Young age of onset is

a poor prognostic factor(14,17,35) and we often recommend aggressive combination therapy
for such individuals. Steroid monotherapy should be avoided in any patient with IMNM

as this is usually not sufficient to adequately control disease activity or prevent further
damage. Muscle atrophy and irreversible fatty replacement happen early in [1M, including
IMNM, as demonstrated by Pinal-Fernandez et a/. in a retrospective review of thigh MRIs in
nearly 700 participants with various types of 11M(23). Those with IMNM had more diffuse
muscle atrophy, edema, and fatty replacement independent of disease duration compared

to those with dermatomyositis or polymyositis. Participants with anti-SRP antibodies were
significantly more likely to have muscle atrophy and/or fatty replacement compared to those
with anti-HMGCR disease as well. In a retrospective study by Meyer et al.(34), delay

in initiation of immunosuppressive treatment correlated with more recalcitrant disease in
patients with anti-HMCR IMNM (OR 0.92, 95% CI 0.85-0.97).
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Treatment Based on Autoantibody

Anti-HMGCR—Patients with anti-HMGCR IMNM tend to respond well to IVIG,
sometimes exquisitely so. IVIG monotherapy, even without steroids, may in fact be
sufficient treatment for certain anti-HMGCR patients. In one case series, three patients

with statin-associated anti-HMGCR disease who declined steroids (due to comorbidities)
received IVIG dosed at 2 g/kg monthly as monotherapy(32). All three experienced marked
improvements in CK after 2-3 cycles of IVIG, and two became completely asymptomatic
with normal strength. In a different retrospective study of IMNM, including anti-HMGCR
IMNM, introduction of IVIG within three months of diagnosis was associated with a higher
likelihood of marked improvement in strength at six months, though this effect was not
sustained on longer term follow-up(6).

Reintroduction (or initiation) of statins should be avoided in anyone with anti-HMGCR
IMNM as this may lead to disease flares(36,37). This creates a significant therapeutic
challenge in patients with hyperlipidemia or other cardiovascular risk factors which would
normally warrant statin usage. Ezetimibe can rarely cause a toxic myopathy(38) and

we recommend it be used only with considerable caution (e.g. using a starting dose of
once weekly rather than once daily) and with a low threshold for discontinuation if a
patient exhibits worsening muscle disease. A more promising alternative are the proprotein
convertase subtilisin/kexin type 9 (PCSK9) inhibitors, which preliminarily appear to be
safe and possibly even beneficial in IMNM. In a retrospective study, we identified eight
patients with anti-HMGCR IMNM in our cohort who were receiving PCSK9 inhibitors

for hyperlipidemia(39). While on these medications (in addition to immunosuppressive
therapy), none of these patients developed worsening muscle strength or progressively
worsened muscle enzymes over an average follow-up period of 18 months. Interestingly,
two participants experienced a marked clinical improvement after starting PCSK9 inhibitors
such that their immunosuppressive therapy could be tapered considerably. Certainly more
data is needed to explain this unexpected finding, but a possible mechanistic explanation

is that PCSKQ9 inhibitors may actually modulate disease activity by lowering HMGCR
levels(40,41).(35)

Anti-SRP—Early rituximab is often favored in anti-SRP disease, and this approach is
included in ENMC guidelines(4). Valiyil et al. reported the largest early case series of such,
where six out of eight patients with refractory anti-SRP disease demonstrated a significant
and sustained response to rituximab(42). For some of these patients, the positive effects
were dramatic —several were initially wheelchair- or bed-bound or critically ill despite
aggressive immunosuppression with multiple other agents (including cyclophosphamide),
but were able to regain the ability to ambulate or otherwise become increasingly independent
in their activities with rituximab. A larger longitudinal study from Pinal-Fernandez et al.
re-demonstrated these benefits(35). Of 17 anti-SRP patients treated with rituximab, 13
experienced significant clinical improvement. The benefit of an initial course of rituximab
was maintained for over two years in certain patients, though the overall response was
variable, with others requiring intermittent or regular retreatment.
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Combination Therapy and Other Agents

Patients with IMNM frequently require combination therapy to achieve disease control

and have a high relapse rate when tapering immunosuppression(6,8,14,15,17,19). It is thus
often necessary to add additional immunosuppressive agents to the recommended first-

or second-line drugs discussed above. Other medications used in IMNM have included
azathioprine, mycophenolate mofetil, tacrolimus, cyclosporine, and cyclophosphamide,
though evidence in picking one agent over the other remains limited(4). As in other
rheumatologic diseases, response to therapy can be idiosyncratic and difficult to predict,

S0 a given patient may require multiple trials of different medications and combinations.
For instance, Maeshima et al. reported on one patient with anti-SRP IMNM who achieved
remission on abatacept (which is rarely used for myositis) after failing numerous other
immunosuppressive agents, though not including rituximab as per current practice(43).High-
dose cyclophosphamide (HiCy) may be an effective treatment option for refractory cases
of IMNM. In a retrospective study from our Myositis Center, Mecoli et a/. identified five
patients (three with anti-SRP and two with anti-HMGCR antibodies) with severe refractory
IMNM who were given HiCy treatment without stem cell rescue(44). Two of these patients
experienced dramatically improved strength and muscle enzymes such that they were
weaned off of immunosuppression and remained in remission for >30 months each by the
time of chart review. Both of these individuals were anti-SRP positive. Cyclophosphamide
is of course not without significant risk. In this study, all but one of the patients developed
febrile neutropenia, but fortunately all recovered.

Plasmapheresis has been used in IMNM, though published data on its efficacy is very
limited(45). In 2006, Arlet et al. reported dramatic improvement in two patients with anti-
SRP disease who were treated with steroids and plasmapheresis followed by rituximab(46).
However, in retrospect, it is difficult to comment on the contribution of plasmapheresis

in this scenario, given the now known efficacy of rituximab in anti-SRP IMNM.
Plasmapheresis monotherapy was not effective for corticosteroid-resistant dermatomyositis
or polymyositis in one randomized controlled trial(47).

Adjunctive Approaches

Physical therapy is an important component in treating I11M, including IMNM. Historical
concerns that strenuous physical activity may worsen muscle damage have, fortunately,
turned out to be unfounded. Several clinical trials of exercise programs have shown that
moderate aerobic exercise and/or strength training are not only safe in 1M, but also

help maintain or improve muscle strength, aerobic fitness, and functional measures(48,49).
Similarly, patients with dysphagia should be evaluated by a speech-language pathologist to
learn safe swallowing maneuvers and, if needed, dietary modifications while awaiting the
effect of immunosuppressive treatment.

Regardless of dysphagia, we recommend avoiding foods containing natural HMGCR
inhibitors such as shiitake mushrooms(50), pu’er tea(51), and red yeast rice (which contains
monacolin K, a substance chemically identical to lovastatin)(52) due to a theoretical concern
that these agents might worsen necrotizing myositis. A clear causative link between these
agents and myaositis has not been definitively established, though from an epidemiological
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perspective, it is interesting to note that statin-naive anti-HMGCR IMNM is more common
in East Asia, where these substances are consumed much more commonly compared to
North America and Europe(12,13).

Surveillance Strategies

The association between IMNM and malignancy varies by autoantibody group. Anti-SRP
IMNM has consistently not been found to associate with cancer(5,19,20,35). Conversely,
nearly 30% of autoantibody negative IMNM cases were diagnosed with cancer (with
standardized incidence ratio of 8.4) in one observational study, and three quarters of these
cases occurred within three years of myositis diagnosis(5). Data for anti-HMGCR IMNM
are mixed. The prevalence of cancer varies from 4-36% depending on cohort and the
methods used for patient inclusion(5,20,37,53,54). There are no evidence-based guidelines
to direct cancer screening in IMNM or in 1M overall. That said, in our center, we generally
recommend at least a one-time CT scan of the chest, abdomen, and pelvis in addition to
age-appropriate cancer screening, e.g. colonoscopy, mammograms.

In contrast to dermatomyositis or anti-synthetase syndrome, extra-muscular involvement is
rare in IMNM. Indeed, the presence of significant lung, skin, or joint involvement should
prompt one to seek an alternative diagnosis. Interstitial lung disease can be found in 10—
25% of anti-SRP disease(19,35,55) and <5% of anti-HMGCR disease(14), but is usually
mild if not entirely asymptomatic. We recommend PFTs be performed once around the
time of diagnosis, but these do not necessarily need to be repeated unless the patient
develops respiratory symptoms. The one important exception with respect to extra-muscular
involvement in IMNM is cardiac involvement in anti-SRP IMNM. This is likewise relatively
uncommon (no more than 20% in most cohorts) and generally manifests as arrhythmias

or non-specific EKG abnormalities(17-19,55), but can rarely cause myocarditis and/or
congestive heart failure potentially mandating high-dose steroids(16,56). Abnormalities on
EKG or echocardiogram may be particularly common in younger patients —in one study,
such abnormalities were found in 50% of participants with juvenile anti-SRP disease(57).
We do not routinely screen patients for heart disease unless they are symptomatic, in which
case a referral to a cardiologist is often recommended.

CONCLUSIONS

IMNM is a distinct subgroup of idiopathic inflammatory myopathy that can be severely
disabling and often requires aggressive immunosuppression. For any given patient, the
treatment strategy including first-line choice of immunosuppressive agent(s) should be
informed by the severity of their presenting features, age of onset (with young age being

a poor prognostic factor), and autoantibody status. Monitoring of disease activity should
include serial assessment of muscle function and muscle enzymes, and treatment decisions
should also be informed by a patient’s reported symptoms and, as needed, advanced imaging
such as MRI. While our ability to treat IMNM has certainly improved since this entity

was first described, there remains a need for more prospective trials to best inform optimal
treatment strategies.
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