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ABSTRACT
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 Anti-3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR) myopathy is a distinct subtype of
INMN, often associated with statin exposure. Treatment of IMNM consists of immunosuppression with steroids, steroid-sparing agents, intravenous immune globulin and/or biologics. We present here a case of anti-HMCGR-associated
IMNM and a brief review the pathophysiology, diagnosis and treatment to increase physician awareness of this rare and
debilitating condition.
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INTRODUCTION
The statins, 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR) inhibitors, are a widely used class
of lipid-lowering drugs due to their efficacy and
safety profile. However, muscle toxicity is one of
the most common side effects of these medications.
Statin-related myotoxicity (SRM) can range from
asymptomatic increase in serum muscle enzymes
levels or myalgias to self-limited myopathy and
rhabdomyolysis [1]. Also, since the 2000s, cases of
statin-induced immune-mediated necrotizing myopathy (IMNM) have been reported [2-3]. In 2010,
specific autoantibodies associated with this myopathy were discovered - anti-HMGCR antibodies - introducing the notion of anti-HMGCR myositis [4].

CASE REPORT
We present the case of a 65-year-old female patient with a history of hyperlipidemia, arterial hypertension, coronary artery disease and type 2 diabetes mellitus, evaluated in our rheumatology
department for symmetrical proximal muscle
weakness and myalgias started one year prior hos-
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pitalization in our unit. Due to high cardiovascular
risk, the patient has been taking regular doses of
statins for a couple of years, but after an acute coronary syndrome, she was recommended high doses
(simvastatin 80 mg/day). Soon after the dose was increased, the patient developed myalgias and the CK
levels increased up to 11.000 UI/ml. Despite lowering the statins dose and finally discontinuation, the
CK levels persisted at very high levels. At that time,
infectious (hepatitis B, hepatitis C, human immunodeficiency virus - HIV, Trichinella spiralis, Toxoplasma gondii, Toxocara canis), endocrinological (hypo/
hyperthyroidism) and malignant (thoracic and abdominal computed tomography) causes of myopathy were ruled out.
Upon admission in our department, laboratory
findings revealed significant elevation of serum
muscle enzymes levels - creatine kinase (CK) x 10
the upper limit of normal (ULN), inflammatory
markers within normal ranges and a negative antinuclear antibody and myositis antibody profile.
Electromyography (EMG) and muscle biopsy
were performed. The EMG showed proximal inflammatory myopathy - features compatible with the diagnosis of polymyositis and the muscle biopsy re-
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vealed interstitial inflammatory infiltrate composed
of lymphocytes and plasmocytes and rare atrophic
muscle fibers.
Based on these investigations, the patient was diagnosed with polymyositis and treatment was initiated - methylprednisolone (0.8 mg/kg) along with a
corticosteroid-sparing agent – methotrexate 10 mg/
week. At the 6 months follow-up, the patient reported improved muscle strength and the laboratory
data showed regression of the serum muscle enzymes levels but still at levels up to 3 - 4 times ULN
and significant elevation of the cholesterol level.
Due to poor diabetes control, we decided to taper
the glucocorticoid and to increase the methotrexate
dose to 20mg/week.
It is worth mentioning that in this period of time,
given the patient’s cardiovascular risk, lipid-lowering therapy was attempted both ezetimibe and rosuvastatin, but soon after initiation the CK level gradually increased each time. One year later, the patient
presented with proximal muscle weakness and CK x
10 ULN. Supplementary laboratory tests revealed
positive anti-HMGCR antibodies. Due to the symptoms and the marked elevation of CK, a second immunosuppressant was added to the treatment - azathioprine 50 mg/day increasing to 100 mg/day.

FIGURE 1. Patient evolution

CS-orticosteroids, MTX-Methotrexate, AZT-azathioprine

Taking into account the clinical manifestations
and laboratory data (CK x 10 ULN) with no improvement upon discontinuation of statin treatment and
the presence of anti-HMGCR antibodies, the diagnosis of immune mediated necrotizing myopathy was
established.
She continued the combination of Azathioprine
100 mg/day and Methotrexate 20 mg/week for 18
month, then Azathioprine was stopped; corticosteroids were gradually tapered upon discontinuation.
The follow up was good, asymptomatic and normal
CK levels. Due to high cardiovascular risk, lipid-low-

ering treatment with alirocumab was initiated. No
adverse events were noted.

DISCUSSION
Statins (HMGCR inhibitors) are the first-line therapy for hyperlipidemias due to their efficiency in
reducing cardiovascular risk and cardiovascular
mortality, as well as their good safety profile. However, myotoxicity is a relatively common side effect
of statin treatment. Statins related myopathy (SRM)
includes a heterogeneous group of muscle side effects ranging from mild-to-moderate myalgia and
weakness to myositis and rhabdomyolysis [5].
Several classifications have been proposed for
SRM, but there is no consensus [6,7,8]. Most often, in
clinical practice, a simple classification composed of
4 phenotypes is used: asymptomatic hyperCKemia,
myalgia, self-limited myopathy and immune mediated necrotizing myopathy (IMNM) - anti-HMGCR
myositis. Up to 20% of patients exposed to statins
report muscle symptoms, but the majority of these
symptoms are due to statin-induced direct toxicity
and these patients do not develop anti-HMGCR autoantibodies [9].
IMNMs are a subgroup of inflammatory idiopathic myopathies (IIM) and are classified into 3
separate subgroups: anti-HMGCR myositis, anti-signal recognition particle (SRP) myositis and antibody-negative myositis. Anti-HMGCR myositis is the
only type of IMNM related to statin use [10].
IMNM is the most recently described statin-associated myopathy with three case series published in
the early 2000s [2-3]. Later, in 2010, specific autoantibodies associated with this myopathy were discovered - anti-HMGCR antibodies [4].
Numerous hypotheses have been studied regarding the pathogenesis of SRM, but none have been
unequivocally proved. Factors that may play a role
in the pathogenesis of SRM include genetic polymorphisms involved in statin metabolism and pharmacokinetics, mitochondrial dysfunction, inhibition of
the HMGCR/mevalonate pathway, coenzyme Q10
deficiency and decreased protein prenylation [5].
Regarding anti-HMGCR myositis, statins could
contribute to breaking immune tolerance to HMGCR
in susceptible patients. Statins are known to upregulate HMGCR and this could lead to abnormal processing of the enzyme with presentation of highly
immunogenic HMGCR neoantigens, thus triggering
the autoimmune disease [9]. Also, genetic predisposing factors have been identified - human leukocyte
antigen (HLA) DRB1*11:01 [11].
The clinical manifestations of SRM vary widely
in severity from asymptomatic to life-threatening
rhabdomyolysis.
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In the present case, the patient had been treated
with statins for about 3 years when she had muscle
weakness associated with elevated CK x 10 ULN.
Other causes of myopathy (infectious, endocrinological, paraneoplastic) were ruled out and the diagnosis of SRM was considered. Thus, it was decided to
discontinue statin treatment. Upon admission in our
department, muscle symptoms and CK elevation
persisted despite statin withdrawal. At that point,
several differential diagnoses were considered.
First, it was necessary to differentiate between the
SRM phenotypes (Table 1). Second, IIMs should be
also taken into account.
Most often, the onset of SRM occurs within the
first 6 months of statin treatment. However, in the
case of anti-HMGCR myositis, the onset of symptoms
may be up to 3 years after statin initiation [9].
Our patient had been treated with statin for 3
years before the onset of muscle symptoms.

Table 1. Statin-related myotoxicity phenotypes [9,10]
Phenotype

Incidence

Characteristics

HyperCKemia

9 - 20%

Asymptomatic

Myalgia

0.3 - 33%

Muscle pain without CK
elevation/CK <4 x ULN

Myopathy

5/100000
patient – years

CK elevation >4 x ULN,
<50 x ULN, progressive
muscle weakness,
complete resolution after
statin withdrawal

Rhadomyolysis

0.1 - 8.4/100000
patient - years

CK elevation >50 x ULN
with renal impairment +
muscle symptoms

2/million per
year

Muscle symptoms,
anti-HMGCR antibodies,
CK elevation 10 - 100 x
ULN, no improvement
after statin withdrawal

Anti-HMGCR
myositis

CK - creatin kinase, HMGCR - 3-hydroxy-3-methylglutaryl-CoA
reductase, ULN - upper limit of normal

Also, in patients with statin-induced myopathy,
statin withdrawal leads to good outcomes without
the need for further therapeutic interventions. In
patients with anti-HMGCR myositis, statin withdrawal does not usually improve the symptoms [11].
Regarding histological findings, in statin-induced myopathy, muscle biopsy reveals necrosis
and regenerating muscle fibers, but no immune features. However, it is known that regenerating muscle fibers can express major histocompatibility complex (MHC) class I and it may be difficult to establish
whether the histological findings indicate an immune-mediated disease [9]. In the case of anti-HMGCR myositis, the typical features include different
stages of muscle cell necrosis, regeneration and myophagocytosis. Inflammatory infiltrate can be pres-

ent and it is mainly composed of macrophages, but
CD4+ or CD8+ lymphocytes and plasmacytoid dendritic cells can also be found [12]. The presence of
MHC class I on the sarcolemma is multifocal and
deposition of membrane attack complex (MAC) on
the sarcolemma is observed on a variable number
of non-necrotic myofibers [13].
In our case, muscle biopsy was less characteristic
showing inflammatory infiltrate composed of lymphocytes and plasmocytes, without muscle fibers
necrosis or regeneration. These misleading histological features led the diagnosis to polymyositis.
It is worth mentioning that polymyositis and
IMNM were not separated in the subclassification
tree established in the 2017 EULAR/ACR classification of IIM. It was not possible to make this distinction because only a few patients with IMNM were
included in the study [14].
Nevertheless, IMNM is recognized as a separate
subclass of IIM. This subtype includes 3 different entities: anti-SRP myositis, anti-HMGCR myositis and
antibody-negative myositis. All three are characterized by proximal muscle weakness and increased
CK values. For the diagnosis of the first two, these
criteria associated with antibody positivity are sufficient. Muscle biopsy is not required [13].
As noted in this case, muscle biopsy can sometimes
be misleading. Given the similar histological features
between statin-induced myopathy and IMNM, the detection of antibodies is of particular importance for
the diagnosis of anti-HMGCR myositis [9].
In the present case, the diagnosis of IMNM - anti-HMGCR myositis was established based on the
presence of anti-HMGCR antibodies and the clinical
features (proximal muscle weakness) associated
with increased CK >10 ULN despite statin treatment
withdrawal.
Anti-HMGCR myositis is a rare disease with a
prevalence of 2 cases per million people and accounts for 6 to 10% of IIMs. It is more common in
women over 40 years of age. Studies show that the
percentage of statin exposure in these patients varies between 16-65%, but in patients over 50 years of
age the percentage reaches 90% [13].
The clinical manifestations are similar to those
of other IIMs - symmetrical proximal muscle weakness predominantly in the lower limbs with a significant increase in CK values (10 - 100 x ULN). Also,
anti-HMGCR myositis seems to be associated with
severe muscle damage and atrophy. Currently, no
extramuscular manifestations have been considered to be part of the disease phenotype [13].
IMNMs, particularly anti-HMGCR myositis, are
relatively new diseases and in the absence of evidence provided by randomized, controlled trials,
treatment is based on case reports and expert consensus.
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In 2016, the European Neuromuscular Centre
(ENMC) working group elaborated a set of recommendations for induction and maintenance therapy
in patients with IMNM. Initial treatment should include intravenous and/or oral glucocorticoids with
the addition of a corticosteroid sparing agent at the
same time or within a month. Methotrexate can be
used as a first-line corticosteroid sparing agent. In
case of methotrexate intolerance, other options include azathioprine and mycophenolate mofetil. In
severe cases, combinations of immunosuppressive
agents may be used. Also, in refractory/relapsing patients rituximab may be attempted [10].
In our patient, the initial therapy included oral
glucocorticoids and methotrexate. Under this treatment, the patient relapsed and it was decided to add
a second immunosuppressive agent.
In patients with anti-HMGCR myositis, the ENMC
guidelines also recommend the use of intravenous
immunoglobulins (IVIG) in refractory cases [10].
Furthermore, one small study reported the efficacy of IVIG monotherapy in patients with anti-HMGCR myositis and contraindications to glucocorticoids [15]. Currently, a phase 2, randomized,
placebo-controlled, on-going trial is testing the efficacy of IVIG monotherapy in patients with anti-HMGCR myositis [16].
Regarding SRM (muscle symptoms and/or CK >4
x ULN), stopping the statin for 2-4 weeks is recommended. If clinical improvement occurs, rechallenge therapy with a lower dose of the same statin/
another statin or non-daily dosing strategy may be
attempted [5].
If the resolution of the symptoms is not observed,
the diagnosis of anti-HMGRC myositis or other IIM
should be taken into consideration.
Considering that statin exposure is a trigger for
anti-HMGCR myositis, statin should be discontinued

in these patients. As in the case presented, the treatment of hypercholesterolemia in these patients may
be challenging.
Along with lifestyle and diet therapy, non-statin
therapeutic options for hyperlipidemia include ezetimibe, bile acid sequestrants and new biological
treatments as alirocumab. Ezetimibe is the first line
of treatment indicated for statin-intolerant patients.
It can reduce the low-density lipoprotein (LDL) cholesterol by 15-20% by inhibiting the absorption of
dietary and biliary cholesterol in the small bowel.
Bile sequestrants in combination with ezetimibe
can reduce LDL cholesterol by 30-35% [5].
In the case presented, taking into account the patient’s cardiovascular risk and ezetimibe inefficacy,
it was decided to start treatment with alirocumab.
Alirocumab is a monoclonal antibody against proprotein convertase subtilisin/kexin type 9 (PCSK9).
PCSK9 regulates degradation of the hepatic low density lipoproteins receptor. Studies have shown that
its inhibition can lower LDL cholesterol by 50–70%
in monotherapy or in combination with a statin [17]

CONCLUSION
Anti-HMGCR myositis is a rare statin-induced
IMNM that should be taken into account in any patient with SRM that does not improve after statin
withdrawal. Autoantibody testing is mandatory for
diagnosis. In the absence of evidence provided by
randomized, controlled trials, therapeutic strategy
is based on expert consensus and it includes statin
discontinuation, glucocorticoids, immunosuppressive agents and IVIG. Novel lipid-lowering drugs
such as PCSK9 inhibitors can be useful in treating
hypercholesterolemia in these patients.
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