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Toxic Myopathies
By Christopher T. Doughty, MD; Anthony A. Amato, MD, FAAN
ABSTRACT
PURPOSE OF REVIEW: This article reviews the pathogenesis, clinical features,
and management of toxic myopathy related to common medications,
critical illness, and illicit substances.

RECENT FINDINGS: Muscle symptoms are common among statin users and are
usually reversible after discontinuation of the statin; rarely, however,
statins trigger an immune-mediated necrotizingmyopathy that persists and
requires immunomodulatory therapy. Autoantibodies targeting
3-hydroxy-3-methylglutaryl coenzyme A reductase can distinguish the
toxic and immune-mediated forms. Immune checkpoint inhibitors,
increasingly used in the treatment of advanced cancer, have recently been
associated with the development of inflammatory myositis. A reversible
mitochondrial myopathy has long been associated with zidovudine, but
recent reports elucidate the risk ofmyopathywith newer antivirals, such as
telbivudine and raltegravir.

SUMMARY: The medications most commonly associated with myopathy
include statins, amiodarone, chloroquine, hydroxychloroquine, colchicine,
certain antivirals, and corticosteroids, and myopathy can occur with
chronic alcoholism. Certain clinical, electrodiagnostic, and histologic
features can aid in early recognition. Stopping the use of the offending
agent reverses symptoms in most cases, but specific and timely treatment
may be required in cases related to agents that trigger immune-mediated
muscle injury.
INTRODUCTION

any drugs and toxic substances cause myopathy with diverse
and sometimes poorly understood pathogenic mechanisms

(TABLE 10-1). A high index of suspicion is required to recognize
the connection because for most drugs this is an infrequent
complication. Moreover, the resulting clinical manifestations are

quite diverse. Some patients have only mild symptoms, such as myalgia or cramps.
Others may develop acute, severe, necrotizing myopathy resulting in weakness or
myoglobinuria and life-threatening renal failure. In many cases, symptoms begin
soon after initiation of the offending medication, but in others, symptoms develop
insidiously only after cumulative exposure over months or even years.

Patients with toxicmyopathy often present with subacute proximal weakness,
so initially an inflammatory myopathy may be suspected. Clinical clues may
facilitate distinguishing the etiology (TABLE 10-2). For example, a concurrent
neuropathy is often seen with colchicine or amiodarone, whereas a rash,
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KEY POINTS

● The clinical presentation
of toxic myopathy is diverse.
Some patients present with
severe symptoms soon after
initiation of the causative
medication, whereas others
present with mild symptoms
that develop insidiously
after months of exposure.

● In most cases, stopping
the offending medication
leads to improvement and
even resolution of
symptoms. Statins and
immune checkpoint
inhibitors, however, can
cause an immune-mediated
myopathy that may require
immunomodulatory
treatment.

● The spectrum of
myopathic symptoms
encountered with
cholesterol-lowering agents
includes myalgia, cramps,
asymptomatic creatine
kinase level elevation,
proximal muscle weakness,
and rhabdomyolysis with
myoglobinuria.

● Myalgia and cramps are
common among statin users
but are not always related to
the statin.
concomitant arthritis, or pulmonary involvement or history of other
autoimmune disorders may suggest an inflammatory myopathy. Severe muscle
pain and myoglobinuria may result from toxic necrotizing myopathy but are
unusual in myositis unless there is concurrent fasciitis. However, occasional
dystrophies (eg, Becker muscular dystrophy), central core myopathy (caused by
a mutation in the RYR1 gene), and metabolic myopathies can present with
myalgia or myoglobinuria. As this illustrates, these clues are frequently
nonspecific, so a broad differential diagnosis must usually be entertained.
Genetic testing or a muscle biopsy is often required for diagnosis.

Early recognition is important because, in most cases, stopping the offending
agent leads to prompt improvement and even resolution of symptoms. In rare
cases, however, an immune-mediated response is spurred on by the medication
that requires specific treatment to resolve symptoms. Statins, for example, can
cause an immune-mediated necrotizing myopathy. Immune-mediated
necrotizing myopathy also occurs in non–statin-exposed patients; for more
details on this, refer to the article “Immune-MediatedMyopathies” byNamita A.
Goyal, MD, FAAN,1 in this issue of Continuum. Recently, immune checkpoint
inhibitors used to treat advanced cancer have been associated with an
inflammatory myositis. This review will highlight common causes of toxic
myopathy, with an emphasis on recent evidence and new agents.

NECROTIZING MYOPATHIES
Many drugs can cause a toxic necrotizing myopathy, with cholesterol-lowering
agents themost common.Most patients havemild symptoms, such as myalgia or
cramps, with some just having asymptomatic creatine kinase (CK) elevation.
Rarely, patients experience proximal muscle weakness or, in severe cases,
myoglobinuria and renal failure. An elevated serum CK level and EMG
demonstrate an irritable myopathy with fibrillation potentials, positive sharp
waves, or complex repetitive discharges. Symptoms resolve upon stopping the
offending agent, except in the rare cases of statin-associated immune-mediated
necrotizing myopathy.

Statins
Statins lower cholesterol through inhibition of 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase, the rate-limiting step in cholesterol
synthesis. The pathogenic mechanism by which statins cause myopathy remains
uncertain. Hypotheses include destabilization of the muscle membrane due to
reduced cholesterol within the membrane and impaired energy production from
reduced coenzyme Q10 production (another downstream product of HMG-CoA
reductase). Downstream metabolites in the HMG-CoA reductase pathway are
also important for glycoprotein synthesis.2

Muscle-associated adverse effects occur with all approved statins.
Asymptomatic CK elevation occurs in up to 5% of treated patients,3 and myalgia
and cramps affect asmany as 20% of statin users.4 Symptomsmay develop at any
time but tend to begin a median of 1 to 6 months after initiation.5–7 Interestingly,
in placebo-controlled trials, the incidence of myalgia is similar in placebo and
statin arms.8 For as many as 30% to 50% of patients with myalgia while taking
a statin, it has another possible cause.9 Given the benefit statins offer in terms
of lipid lowering and reduction in cardiovascular events, tools are available to
help patients and physicians accurately gauge the likelihood that the statin is
CONTINUUMJOURNAL.COM 1713
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TABLE 10-1

TOXIC MYOPATHIES
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causing muscle symptoms, such as one developed by the American College of
Cardiology10 and the Statin-Associated Muscle Symptoms Clinical Index.11

Statin-related myalgia generally affects large proximal muscle groups
symmetrically, whereas cramps affect small muscles in the hands and
feet asymmetrically.

Rarely, patients develop severe pain and proximal weakness. The American
College of Cardiology estimates the incidence of severe myopathy to be 0.08%
for lovastatin, simvastatin, and pravastatin. Concurrent use of medications that
affect statin metabolism, including those that inhibit the cytochrome P450 3A4
pathway, increases the risk of toxic myopathy (TABLE 10-3).8,12,13 The
combination of statins with either gemfibrozil or cyclosporine confers especially
high risk: the risk of symptomatic rhabdomyolysis among patients with statins
is approximately 2 to 3 per 100,000 patient-years, but it is higher in patients
taking one of these medications concurrently.5 When rhabdomyolysis occurs, it
is typically early in the course of statin therapy, an average 1.3 months after
Pathogenic Mechanisms of Toxic Myopathies

Necrotizing Myopathy

◆ Statins

◆ Other cholesterol-lowering agents

◆ Cyclosporine

◆ Propofol

◆ Labetalol

◆ Alcohol

Inflammatory Myopathy

◆ Immune checkpoint inhibitors

◆ D-Penicillamine

◆ Cimetidine

◆ Phenytoin

◆ Interferon alfa

◆ Tumor necrosis factor inhibitors

◆ Imatinib

◆ Hydroxyurea

Amphiphilic

◆ Amiodarone

◆ Chloroquine

◆ Hydroxychloroquine

Antimicrotubular

◆ Colchicine

◆ Vincristine

CONTINUED ON PAGE 1715
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initiation, but it can also occur after initiation of one of these other medications.
The risk of a toxic myopathy is dose dependent. Data from four large,
randomized controlled trials suggest a 10-fold increase in myopathy for patients
on high-dose therapy compared with those on lower dosages. Additional risk
factors include male sex, age older than 65 years, renal or hepatic failure, and
hypothyroidism. Finally, a genome-wide association study found that 60% of
patients with statin myopathy have a single nucleotide polymorphism located
within the SLCO1B1 gene, which encodes a protein that regulates hepatic
processing of statins.14

In cases with objective weakness or rhabdomyolysis, the statin should be
stopped immediately. CKvaluesmay normalize in as quickly as 1 week and rarely
remain elevated longer than 2 months.9,15 Resolution of muscle pain and weakness
occurs, on average, 2.3 months after cessation of a statin (CASE 10-1).5

Rarely, immune-mediated necrotizing myopathy complicates statin therapy.16,17

This is characterized by proximal muscle weakness with or without myalgia,
CONTINUED FROM PAGE 1714

Mitochondrial Myopathy

◆ Zidovudine

◆ Telbivudine and other antiretroviralsa

Hypokalemic Myopathy

◆ Diuretics

◆ Corticosteroids

◆ Laxatives

◆ Amphotericin

◆ Lithium

◆ Alcohol

◆ Toluene abuse

◆ Ingestion of excessive licorice

Unknown

◆ Emetine

◆ Febuxostat

◆ Finasteride

◆ Isotretinoin

◆ Levetiracetam

◆ Omeprazole

a The pathogenic mechanism is less clearly established for other HIV and hepatitis B antiviral medications.
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typically clinically indistinguishable from the toxic necrotizing form. When the
statin iswithdrawn, however, themyopathy does not improve; immunomodulatory
therapy is required and leads to symptomatic improvement.

CK levels are markedly elevated in patients with weakness from both toxic
necrotizing myopathy and immune-mediated necrotizing myopathy. CK values
are typically 5000 to 10,000 U/L in patients with immune-mediated necrotizing
myopathy. Likewise, EMG will demonstrate an irritable myopathy in proximal
muscles in both forms. Myotonic discharges have been reported with statin-
induced toxic necrotizing myopathy, but this is not specific.18 However, most
patients with statin-associated immune-mediated necrotizingmyopathy develop
antibodies against HMG-CoA reductase that are detectable in serum. These
anti–HMG-CoA reductase antibodies are quite specific for immune-mediated
necrotizing myopathy; statin-exposed healthy control patients and those with
self-limited toxic myopathy do not usually have these antibodies.19,20

Muscle biopsy can also help distinguish between the toxic necrotizing and
immune-mediated forms of statin myopathy. In both cases, necrotic myofibers
are a prominent feature. Inflammatory cell infiltration is sparse aside from
Features That Raise Suspicion for a Toxic Myopathy

Clinical Features

◆ Concomitant polyneuropathy (ie, a neuromyopathy)

◇ Amiodarone

◇ Chloroquine/hydroxychloroquine

◇ Colchicine

◇ Telbivudine

◆ Concomitant myasthenia gravis

◇ Immune checkpoint inhibitors

◆ Acute, painful myopathy

◇ Statins

◇ Other lipid-lowering agents

◇ Cyclosporine

◇ Labetalol

◇ Alcohol (with binge drinking)

EMG Features

◆ Myotonic discharges

◇ Chloroquine/hydroxychloroquine

◇ Colchicine

◇ Cyclosporine

◇ Fibrates

◇ Statins

CONTINUED ON PAGE 1717

DECEMBER 2019

rican Academy of Neurology. Unauthorized reproduction of this article is prohibited.



myophagocytosis of necrotic myofibers in both toxic and immune-mediated
necrotizing myopathy (FIGURE 10-1). In the toxic form, lipid-filled vacuoles
within myofibers and cytochrome oxidase (COX)-negative myofibers have
occasionally been noted21; however, in the authors’ experience, this is not helpful
in diagnosis. Increased COX-negative fibers occur with increasing age, which
is again a risk factor for developing toxic myopathies. Assessing for increased
expression of major histocompatibility complex (MHC)-I and complement
membrane attack complex on the sarcolemma of non-necrotic myofibers is
more helpful because these are not seen in the toxicmyopathies; when noted, this
instead suggests immune-mediated necrotizing myopathy.

When patients present with symptomatic hyperCKemia or weakness, the
authors’ practice is to stop the statin, test for anti–HMG-CoA reductase antibodies,
and closely follow the patient. With toxic necrotizing myopathy, the CK level
usually begins to improve within a couple of weeks. If the anti–HMG-CoA
reductase antibody results are negative and the CK level does not normalize, the
authors perform a muscle biopsy. A muscle biopsy can be considered early in
severe cases, but histology may reveal only widespread myofiber necrosis. It can
CONTINUED FROM PAGE 1716

◆ Normal EMG in a patient with clinically suspected myopathy

◇ Corticosteroids

◇ Chronic alcoholic myopathy

Muscle Biopsy Features

◆ Vacuoles

◇ Amiodarone

◇ Chloroquine/hydroxychloroquine

◇ Colchicine

◆ Mitochondrial abnormalities (eg, many ragged red and cytochrome oxidase–negative
fibers)

◇ Nucleoside-analogue reverse transcriptase inhibitors (eg, zidovudine)

◆ Type 2 fiber atrophy

◇ Corticosteroids

◇ Chronic alcoholic myopathy

◆ Sarcolemmal major histocompatibility complex 1 and membrane attack complex
expression on non-necrotic fibers

◇ Anti–3-hydroxy-3-methylglutaryl coenzyme A reductase myopathy associated with statins

◇ Immune checkpoint inhibitors

◇ D-Penicillamine

EMG = electromyography.
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CASE 10-1 An 82-year-old man presented with several weeks of muscle pain and
weakness. He had difficulty rising from a seated position. Hismyalgia was
most severe in the thighs bilaterally. His past medical history included
polymyalgia rheumatica, chronic kidney disease, and a prior myocardial
infarction. He had begun on atorvastatin 40 mg daily 3 months before
presentation. He had previously been treated with simvastatin but
stopped it because of cramps 5 years ago. Hewas also being treatedwith
prednisone 5 mg daily for the past 2 years for polymyalgia rheumatica.

Examination revealed 4+/5weakness of bilateral hip flexion. His serum
creatine kinase (CK) level was elevated at 1580 U/L. EMG demonstrated
fibrillation potentials and positive sharp waves with early recruitment of
low-amplitude, short-duration motor unit action potentials in his right
deltoid and right iliopsoas. His statin was stopped, and his symptoms
improved and CK level normalized over the next 8 weeks.

COMMENT Patients in whom toxic myopathy is suspected may be on multiple
myotoxic agents. In this case, the muscle pain, elevated CK level, and EMG
demonstrating evidence of an irritable myopathy suggest the statin rather
than the corticosteroid is to blame. Higher doses of corticosteroids are
typically required to produce myopathy, as well. Renal failure, older age,
male sex, and history of statin intolerance are all risk factors for statin
myopathy. Multiple medications (although not corticosteroids) have been
demonstrated to increase the risk of statin myopathy when used
concurrently, especially inhibitors of cytochrome P450 3A4.

TABLE 10-3 Drugs Associated With an Increased Risk of Statin Muscle Toxicity

◆ Amiodarone

◆ Azole antifungals

◆ Calcium channel blockers

◆ Colchicine

◆ Cyclosporine

◆ Ezetimibe

◆ Fibrates (eg, gemfibrozil)

◆ Niacin

◆ Protease inhibitors

◆ Rapamycin

◆ Sirolimus

◆ Excessive intake of grapefruit juice

TOXIC MYOPATHIES
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FIGURE 10-1
This muscle biopsy performed in a patient with proximal muscle weakness on a statin
revealed necrotic myofibers, regenerating myofibers, and sparse inflammatory cells with
myophagocytosis only of necrotic myofibers (A). This can be seen in both toxic necrotizing
myopathy and statin-associated immune-mediated necrotizing myopathy. However, major
histocompatibility complex 1 expression on the sarcolemma of non-necrotic myofibers (B)
and deposition of complement membrane attack complex on both non-necrotic myofibers
and capillaries suggest an immune-mediated pathogenesis (C).
be difficult to distinguish between the toxic and immune-mediated forms in such
cases, even if MHC-I and membrane attack complex staining are performed
because staining can be widespread (MHC-1 is also expressed on regenerating
fibers). In cases in which weakness is leading to disability and immune-mediated
necrotizing myopathy is suspected (based on the timing of symptoms, for
example), the authors often start treatment with IV immunoglobulin (IVIg)
and/or prednisone while awaiting results of the anti–HMG-CoA reductase
antibody testing. We and others have found that IVIg may be used as
monotherapy in anti–HMG-CoA reductase myopathy.22,23

Other Lipid-Lowering Agents
A similar spectrum of symptoms occurs in patients treated with fibrates.24

Fibrates are branched-chain fatty acid esters that limit the availability of free
fatty acids for the synthesis of triglycerides in the liver. Their myotoxicity may
result from lipophilic membrane destabilization. A higher reported risk is
associated with gemfibrozil compared with fenofibrate, but this may be driven
by the high frequency of rhabdomyolysis in patients treated concurrently with a
statin. Up to 5% of patients treated with gemfibrozil and lovastatin developed a
severe myopathy.25 As with statins, renal failure increases the risk of toxicity.
Myotonic discharges have been reported on EMG.

Toxic myopathy has also been reported with niacin and ezetimibe, but most
cases have occurred in patients also on a statin.26,27 Red yeast rice (Monascus
purpureus), a supplement used for its lipid-lowering effect, has also been
reported to cause myopathy, including rhabdomyolysis.15 In 2015, the US Food
and Drug Administration (FDA) approved two proprotein convertase
subtilisin/kexin type 9 (PCKS9) inhibitors, alirocumab and evolocumab, for the
treatment of elevated low-density lipoprotein in patients who could not meet
lipid-lowering goals with diet and other available therapies. These drugs increase
low-density lipoprotein clearance from the bloodstream. In the randomized
GAUSS-3 (Goal Achievement After Utilizing an Anti-PCSK9 Antibody in Statin
Intolerant Subjects 3) trial, which enrolled patients with a history of intolerance
to two or more statins, no statistical difference was observed in the incidence of
CONTINUUMJOURNAL.COM 1719
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muscle symptoms between ezetimibe (28.8%) and evolocumab (20.7%).
Only one of 145 patients taking evolocumab stopped the drug because of muscle
symptoms.28

INFLAMMATORY MYOPATHIES
Statin-associated immune-mediated necrotizing myopathy (anti–HMG-CoA
reductasemyopathy) has already been discussed, and case reports have implicated
several other medications as triggering autoimmune inflammatory myopathies
(TABLE 10-1). D-Penicillamine, used as a chelating agent in the treatment of
Wilson disease and rarely in the treatment of rheumatoid arthritis, causes a
syndrome clinically and histologicallymimicking polymyositis or dermatomyositis
(including a skin rash in some) in 0.2% to 1.4% of treated patients.29 With drug
withdrawal and corticosteroids, full recovery is to be expected.With the increasing
A 70-year-old woman presented with difficulty walking, head drop,
double vision, and dysphagia that was progressive over the past 2 weeks.
She had a history of metastatic melanoma; she had undergone surgical
excision of a superficial melanoma lesion 4 years previously, but
metastatic disease to the lungs and multiple lymph nodes were recently
discovered. She began treatment with nivolumab 4 weeks prior to her
current presentation and received her second cycle 1 week ago.

Examination revealed asymmetric ptosis and weakness of extraocular
muscles, 4/5 strength of neck extensors and symmetric limb-girdle
weakness in the arms and legs. Sensory testing was normal.

Her serum creatine kinase level was elevated at 3450 U/L.
Acetylcholine receptor and muscle-specific kinase antibodies were
negative. EMG revealed fibrillation potentials and positive sharp waves
with early recruitment of low-amplitude, short-durationmotor unit action
potentials in proximal and axial muscles. There was no decremental
response to 3-Hz repetitive nerve stimulation.

Nivolumab was stopped, and the patient was treated with
methylprednisolone 1000 mg daily for 3 days, followed by prednisone
60 mg daily. In follow-up 4 weeks later, her diplopia and head drop had
resolved, and her strength was markedly improved on examination.

Multiple neurologic immune-related adverse events have been reported
with immune checkpoint inhibitors, including myositis. Symptoms typically
begin after the first or second cycle of treatment. As in this case, ptosis,
diplopia, and bulbar weakness frequently occur with immune checkpoint
inhibitor myositis, prompting consideration of myasthenia gravis (MG).
Myositis and MG can occur concurrently as immune-related adverse
events. In this case, negative serology and normal repetitive nerve
stimulation argues against myasthenia gravis. Patients typically improve
with discontinuation of the immune checkpoint inhibitor and therapy with
corticosteroids, but fatal cases have been reported associated with
concurrent myocarditis or respiratory muscle weakness.
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KEY POINTS

● Rhabdomyolysis in statin-
treated patients is a rare
event, with an estimated
incidence of 2 to 3 per
100,000 patient-years.

● Many drugs interact with
statins and increase the risk
of muscle toxicity, including
rhabdomyolysis, when used
concurrently. Important
examples include other
cholesterol-lowering agents
and cyclosporine.

● Higher doses, older
age, and renal failure all
increase the risk of statin
myotoxicity.

● Manifestations of
statin-associated toxic
necrotizing myopathy
resolve within 1 week to
3 months after stopping the
statin. Persistent symptoms
or creatine kinase level
elevations thereafter should
prompt consideration of
immune-mediated
necrotizing myopathy or
other underlying disorders.

● A markedly elevated
creatine kinase level and
EMG demonstrating irritable
myopathy are seen in both
toxic necrotizing and
immune-mediated forms of
statin myopathy, but serum
anti–3-hydroxy-3-
methylglutaryl coenzyme A
reductase antibodies are
specific for the
immune-mediated form.

● Fibrates cause a spectrum
of muscle symptoms similar
to statins. Myopathy has
also been reported with
niacin and ezetimibe, but
mostly when used together
with a statin.
use of immune checkpoint inhibitors in the treatment of cancer, inflammatory
myositis has emerged as one of many potential neurologic complications.

Immune Checkpoint Inhibitors
Immune checkpoint inhibitors target mechanisms used by cancer to evade
destruction by the immune system. Since the approval of ipilimumab by the FDA
in 2011 for the treatment of metastatic melanoma, immune checkpoint inhibitors
have been used in the treatment of an increasing number of cancers, sometimes
dramatically changing the prognosis for advanced cases. Ipilimumab inhibits
cytotoxic T-lymphocyte–associated antigen-4 (CTLA-4); nivolumab and
pembrolizumab inhibit the programmed cell death-1 (PD-1) receptor, also on
cytotoxic T-lymphocytes; durvalumab and atezolizumab inhibit the ligand of
PD-1 (PD-L1) on antigen-presenting cells (CASE 10-2).

Although upregulation of the immune system is essential for these drugs’
efficacy, it can also lead to off-target immune-related adverse events affecting
diverse body systems, including hypophysitis, thyroiditis, pancreatitis, and
hepatitis. Moderate to severe neurologic immune-related adverse events including
peripheral neuropathy, encephalopathy, and meningitis affect 0.1% to 0.8% of
patients treated with anti–PD-1 or anti–CTLA-4 immune checkpoint inhibitors.30

The incidence of neurologic immune-related adverse events was as high as 2.9% in
one cohort of patients treated with anti–PD-1 immune checkpoint inhibitors.31

Although less common, myopathy is an increasingly reported complication.30,32,33

Myositis can occur with CTLA-4, PD-1, or PD-L1 inhibitors. Patients typically
develop weakness and myalgia early after immune checkpoint inhibitor
initiation, after one or two cycles. In the largest reported cohort, the median
onset of symptoms was 25 days after initiation of therapy (range 5 to 87 days).30

Weakness involves axial muscles (eg, head drop) and the proximal extremities.
Although less common, severe respiratorymuscle weakness requiring intubation
and mechanical ventilation can occur.34 Bulbar and oculomotor weakness is
also very common and can mimic myasthenia gravis (MG) (FIGURE 10-2).
Interestingly, MG can also occur as a consequence of immune checkpoint
inhibitors.35 Moreover, overlap of myositis and MG appears to be common. For
example, 4 of 12 patients with immune checkpoint inhibitor–related MG had
clinicalmyositis in one cohort, and two of sixmyositis patients had concurrentMG
in another.33,35 When overlap is suspected, an elevated CK level can help establish
myositis, whereas a decremental response to slow repetitive nerve stimulation and
acetylcholine receptor antibodies suggestMG.Myocarditis can also be seenwith or
without clinically evident skeletal muscle involvement.36 For more information
about MG occurring as a complication of immune checkpoint inhibitors, refer to
the article “Lambert-Eaton Myasthenic Syndrome, Botulism, and Immune
Checkpoint Inhibitor–RelatedMyasthenia Gravis” by Amanda C. Guidon,MD,37 in
this issue of Continuum. CK values are almost always elevated in cases of myositis
related to immune checkpoint inhibitors andmay be greater than 10,000U/L.30,33

Myositis-specific antibodies have been negative, but one patientwas reportedwith
a positive PM/Scl antibody.32 Positive anti–striated muscle antibodies have been
reported in at least five patients with myositis related to immune checkpoint
inhibitors.32,34,38 EMG demonstrates fibrillation potentials and positive sharp
waves and myopathic motor unit action potentials (MUAPs) in most patients.

Muscle biopsies have demonstrated endomysial inflammatory infiltrates
composed of CD68+ cells expressing PD-L1 and CD8+ lymphocytes expressing
CONTINUUMJOURNAL.COM 1721
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FIGURE 10-2
The distribution of weakness in 10 patients with immune checkpoint inhibitor–related myositis
is depicted. Symmetric muscle weakness is indicated in red, asymmetric weakness in purple.
a Muscle pain present.

Reprinted with permission from Touat M, et al, Neurology.30 © 2018 American Academy of Neurology.
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PD-1 (FIGURE 10-3), along with myophagocytosis and sarcolemmal upregulation
of MHC-1.30 For some patients, muscle biopsy may reveal only necrotic muscle
fibers without inflammatory cell infiltrates.

The American Society of Clinical Oncology guidelines for treating
immune-related adverse events suggest stopping the immune checkpoint
FIGURE 10-3
This is a muscle biopsy from a patient treated
with ipilimumab for leukemia cutis after stem cell
transplant for acute myeloid leukemia. His course
was complicated by graft versus host disease,
so he was also treated with steroids. Six months
later, he developed neck and proximal weakness.
Hematoxylin and eosin (H&E) staining reveals
necrotic and atrophic fibers, with prominent
endomysial inflammatory cell infiltrate with
necrotic fibers and myophagocytosis.

rican Academy of Neurology. Unauthorized reproduction of
inhibitor for patients with
myositis or MG; this alone may
be sufficient in mild cases.39

Most patients require treatment
with corticosteroids. IVIg and
plasma exchange are used for
severe myasthenia. With these
strategies, most patients improve
over a period of weeks. In one
cohort, CK levels normalized
in all patients at a median of
44 days.30 Prednisone is slowly
tapered over a few months while
patients recover. The American
Society of Clinical Oncology
guidelines allow considering
immune checkpoint inhibitor
rechallenge after symptoms
resolve if the initial symptoms
and signs were mild. Rare
reports exist of patients with
mild myositis successfully
tolerating a rechallenge of
DECEMBER 2019
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immune checkpoint inhibitor with or without concurrent prophylactic steroid
therapy.33,40

AMPHIPHILIC MYOPATHIES
Chloroquine, hydroxychloroquine, and amiodarone are amphiphilic molecules
containing both hydrophobic and hydrophilic components, allowing them to
interact with the lipid bilayer of cells and organelles. Through disruption of
lysosomes, they form pathologic autophagic vacuoles filled with myeloid debris in
muscle fiber and nerves; the neuropathy can be more severe than the myopathy.

Chloroquine and Hydroxychloroquine
Chloroquine is used to treat malaria, and both chloroquine and
hydroxychloroquine are used to treat connective tissue diseases. Patients may
develop slowly progressive, painless, proximal weakness, usually after prolonged
treatment.41–43 With chloroquine, a toxic myopathy usually occurs after doses of
at least 500 mg daily for 1 year or longer. Renal failure increases the risk.
Cardiomyopathy can occur with either medication. Patients may have distal
sensory loss and diminished ankle reflexes from concurrent neuropathy. The
toxic neuromyopathy is reversible with drug cessation.

Because of the insidious onset of symptoms and normal or only slightly
elevated serum CK level, the diagnosis can be elusive. EMG typically
demonstrates an irritable myopathy, with fibrillation potentials, positive sharp
waves, and occasionally myotonic discharges along with early recruitment of
small-amplitude, short-duration MUAPs in weak proximal muscles. Decreased
recruitment of neurogenic-appearing MUAPs is present in distal muscles.
Biopsies of proximal muscles demonstrate autophagic vacuoles. On electron
microscopy, characteristic curvilinear structures are seen within vacuoles.

Amiodarone
Amiodarone is an antiarrhythmic that can also cause neuromyopathy.
Symptomatic neuropathy is more common than myopathy; the incidence of any
neurotoxicity was 2.8% in one cohort.44 Duration of treatment and renal failure
increase the risk of neurotoxicity. Patients with myopathy develop insidious
proximal muscle weakness and can have dysphagia. Amiodarone can also cause
hypothyroidism, which can contribute to proximal weakness. Patients with
neuropathy may develop ataxia or tremor. Recovery after stopping amiodarone
may be partial and take many months.

CK values can be normal. Motor and sensory nerve conduction studies
typically reveal low amplitudes and slow-conduction velocities, suggesting a
component of demyelination. EMGwill reveal an irritable myopathy in proximal
muscles, but MUAPs may be large amplitude and long duration in distal muscles
due to the neuropathy. Muscle biopsy demonstrates autophagic vacuoles filled
with myeloid debris.

ANTIMICROTUBULAR MYOPATHIES
Colchicine is used to treat gout. Like with amphiphilic medications, patients
taking colchicine can develop neuromyopathy. The toxicity results from the
drug’s interaction with tubulin dimers, preventing the formation of
microtubules. This likely interferes with the movement and positioning of
lysosomes, leading to the accumulation of vacuoles (FIGURE 10-4).45
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FIGURE 10-4
Muscle biopsy reveals autophagic vacuoles on
hematoxylin and eosin (H&E) staining in a patient
with myopathy due to colchicine.

CASE 10-3 A 63-year-oldman presentedwith 6months
first noted difficulty rising from a chair. Ove
also noticed numbness in his toes. His past
for chronic gout and mild chronic renal insu
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3/5 iliopsoas weakness, and 4+/5 ankle dor
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Colchicine was stopped. Three weeks lat
without difficulty.
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concurrent myopathy and neuropathy. This p
amphiphilic medications (amiodarone, chloro
hydroxychloroquine) and colchicine. A musc
characteristic vacuoles but may not be nece
resolve with withdrawal of the offending me
develop colchicine neuromyopathy have ren

TOXIC MYOPATHIES

1724

Copyright © American Academy of Neurology. Unauthorized reproduction of
Progressive proximal
weakness usually occurs after
prolonged exposure to
colchicine, with doses of 0.6 mg
to 4 mg daily. Increased age,
renal insufficiency, and
concomitant use of cytochrome
P450 3A4 inhibitors (eg, statins,
cyclosporine) increase the risk of
myopathy.46 CK values are
markedly elevated. Nerve
conduction studies commonly
demonstrate an axonal
neuropathy, with signs of an
irritable myopathy evident on
EMG of proximal muscles.
Myotonic discharges can be seen,
but only rarely have patients
of progressive weakness. He
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KEY POINTS

● Although less common
than other neurologic
immune-related adverse
events, inflammatory
myositis can complicate
treatment with immune
checkpoint inhibitors.
Symptoms typically begin
after one or two treatment
cycles.

● In addition to proximal
and axial weakness,
oculomotor and bulbar
weakness are common with
immune checkpoint
inhibitor–associated
myositis. Myasthenia gravis
can develop concurrently.

● Muscle biopsy has
demonstrated histiocytic
and lymphocytic
inflammatory infiltrates in
patients with immune
checkpoint inhibitor–
associated myositis. The
creatine kinase level is
typically elevated, and
EMG will show fibrillation
potentials and positive
sharp waves in most
patients.

● When patients on an
immune checkpoint
inhibitor develop myositis
or myasthenia gravis, the
immune checkpoint
inhibitor should be
stopped. Most patients
should also be treated with
corticosteroids. Patients’
symptoms markedly
improve over a period
of weeks.

● Chloroquine,
hydroxychloroquine, and
amiodarone can all cause
clinical neuromyopathy.
Vacuolar myopathy is
evident on muscle biopsy.

● Recovery from
amiodarone neuromyopathy
may be partial and
prolonged over months.
been reported with clinical myotonia.47 Patients typically improve over weeks to
months when colchicine is stopped (CASE 10-3).

MITOCHONDRIAL MYOPATHY FROM ANTIRETROVIRALS
The risk of mitochondrial toxicity of nucleoside analogue reverse transcriptase
inhibitors was exemplified with zidovudine treatment for HIV.48 Nucleoside
analogues work by competing with natural nucleoside substrates of HIV reverse
transcriptase but can also impair human mitochondrial DNA expression via
inhibition of mitochondrial γ-DNA polymerase. Myopathy affected 17% of
patients treated forHIVwith zidovudinemonotherapy for longer than 9months.49

HIV itself can also cause a proximal myopathy, but myalgia is a distinguishing
feature common with zidovudine myopathy. Zidovudine has largely been
supplanted by newer antiretrovirals in developed countries. When utilized as part
of a multidrug, highly active antiretroviral therapy regimen, the required dose is
lower, so the incidence of myopathy is lower. CK levels are mildly elevated in
affected patients, and EMG demonstrates an irritable myopathy. Muscle biopsy is
key for distinguishing between other HIV-associated myopathies. Ragged red
fibers on modified Gomori trichrome stain and COX-negative fibers are evident
with zidovudine, in contrast with inflammatory cell infiltrates that can be seen in
HIV-associated myositis. Both clinical symptoms and these histologic findings
are reversible.

Myotoxicity can complicate the use of lamivudine, entecavir, and particularly
telbivudine—nucleoside analogues used to treat hepatitis B.50–52 Asymptomatic
CK level elevation occurred in 84.3% of patients over a 3-year period in one
cohort.53 Clinically evident myopathy is less common, with proximal weakness
developing after 1 to 2 years of treatment. Muscle biopsies may demonstrate
ragged red or COX-negative fibers, necrosis, or inflammatory cell infiltrates. The
pathogenic mechanism is less clearly mitochondrial than with zidovudine.
Neuropathy has also been reported in association with telbivudine. Neuropathy
and myopathy may be particularly common among patients with renal failure
after liver transplantation, for whom telbivudine is used to suppress hepatitis B
reactivation. In one cohort, 26 of 45 patients stopped taking telbivudine because
of symptomatic neuropathy or myopathy.54

Other antiretroviral agents have been associated with muscle-related adverse
effects distinct from mitochondrial myopathy. Rhabdomyolysis can occur with
didanosine, lamivudine, raltegravir, ritonavir, and indinavir. Protease inhibitors
increase the risk of statin myotoxicity. Raltegravir, an integrase inhibitor used
to treat HIV, is associated with myalgia. Mild proximal muscle weakness, often
with a normal CK level, occurred in 3% to 4% of treated patients in two reported
series.55,56 The toxic mechanism is poorly understood at present.

OTHER MECHANISMS
Myopathy can arise in patients treated with corticosteroids or in those who are
critically ill. The pathogenic mechanisms in these cases are distinct from the
other categories already discussed.

Steroid Myopathy
Proximal muscle weakness can develop in patients with an endogenous (ie,
Cushing syndrome) or iatrogenic excess of corticosteroids.57,58 Corticosteroids
regulate transcription, and skeletal muscle toxicity may be due to decreased
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protein synthesis, altered carbohydrate metabolism, mitochondrial alterations,
or reduced sarcolemmal excitability.59 Proximal weakness and atrophy affecting
the legs more than the arms develop insidiously. Other features of Cushing
syndrome, including facial edema and truncal adiposity, are commonly seen in
patients taking corticosteroids. Although weakness can develop within weeks
with high-dose therapy, prolonged use of doses equivalent to prednisone 30 mg
daily or more is typical. The risk is higher with fluorinated corticosteroids (in
order of greater to less risk: triamcinolone, betamethasone, and dexamethasone).
Alternate-day dosing and an exercise program to prevent disuse atrophy may
mitigate the risk of developing weakness.

Corticosteroids are often used in the treatment of neuromuscular disorders
that produce weakness, so distinguishing steroidmyopathy from exacerbation of
the underlying disorder can be challenging. The pattern of weakness may be a
clue because distal, facial, and oculomotor muscles are spared in steroid
myopathy. In cases of inflammatory myopathy treated with steroids, the CK
level and EMG can be useful. CK values are normal in steroid myopathy; a rising
CK level is more indicative of worsening myositis. Likewise, fibrillation potentials
and positive sharp waves and early recruitment of small-duration MUAPs are not
seen with steroid myopathy, but they are common with active myositis. In cases of
diagnostic uncertainty, a gradual steroid taper can be informative because the
symptoms of patients with steroid myopathy improve with dose reduction or
cessation of therapy. If their symptoms instead worsen, an exacerbation of the
underlying disorder is likely. Amuscle biopsy is often not required but demonstrates
preferential atrophy of type 2 fibers, particularly glycolytic 2B fibers, with
steroid myopathy (FIGURE 10-5). Increased lipid droplets may also be seen in
type 1 fibers.60

Critical Illness Myopathy
Critically ill patients are at risk of developing critical illness myopathy (CIM),
critical illness polyneuropathy (CIP), or both. CIM is more common than CIP;
when CIP does occur, it usually coexists with CIM.61 The pathogenesis of muscle
injury remains uncertain, but sarcolemmal inexcitability and myosin loss have
been demonstrated as key features.62,63 The first sign of weakness may be the
inability to wean the patient from mechanical ventilation. CIM also causes
FIGURE 10-5
ATPase stain at pH 4.5 reveals selective atrophy of
type 2b muscle fibers (intermediate staining) in a
patient with corticosteroid myopathy.

rican Academy of Neurology. Unauthorized reproduction of
proximally predominant
weakness and atrophy but spares
bulbar muscles. CIP causes
distally predominant weakness
and sensory loss. Reflexes can be
reduced or absent in either form
as weakness progresses. Patients
who survive regain strength, but
those with CIM recover faster
and more completely than those
with CIP or CIM/CIP.64

Patients who are critically ill
from any process are at risk of
CIM/CIP, but those with sepsis
and multiorgan system failure
are at especially high risk.
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KEY POINTS

● Colchicine causes a
neuromyopathy associated
with vacuoles on muscle
biopsy. Prolonged exposure
is typically required, with
weakness developing
gradually over months.

● Zidovudine commonly
caused a reversible
mitochondrial myopathy but
is used less commonly to
treat HIV now. Myopathy
has been reported with
more contemporary
antivirals, as well, including
telbivudine, lamivudine,
entecavir, and raltegravir.

● Proximal weakness
related to steroid myopathy
typically occurs after
prolonged treatment with
the equivalent of
prednisone 30 mg daily.
Creatine kinase values and
EMG are commonly normal.

● Sepsis, multiorgan system
failure, and hyperglycemia
are associated with a higher
risk of developing critical
illness myopathy. The
risk associated with
corticosteroids or
neuromuscular blocking
agents is much less clear
than previously thought.

● Recent reports suggest
that levetiracetam,
febuxostat, and isotretinoin
can all rarely cause
rhabdomyolysis and/or
myopathy. The mechanism
is uncertain.

● Mild proximal myopathy
is common among patients
with chronic alcoholism.
Binge drinking and use of
cocaine, amphetamines, and
phencyclidine can all result
in rhabdomyolysis.
Hyperglycemia is another established risk factor. Affected patients have
frequently received corticosteroids or neuromuscular blocking agents or both,
but CIM/CIP can be seen in patients treated with neither. Despite the traditional
assumption that these medications confer an increased risk, data are mixed. A
systematic review including 655 reported patients found no association between
glucocorticoids or neuromuscular blocking agents and development of CIM or
CIP.65 A randomized, placebo-controlled trial of glucocorticoids in patients with
acute respiratory distress syndrome found no difference in the occurrence of
CIM/CIP between treatment groups.66

The CK level can be normal but is moderately elevated in 50% of patients who
are critically ill in the acute stage. Nerve conduction studies reveal low-amplitude
compound muscle action potentials (CMAPs) in both CIM and CIP. In CIM,
CMAPs may also have prolonged duration.67 Direct muscle stimulation has been
used to help distinguish CIM from CIP; patients with CIP will have a ratio of
maximal response achieved via nerve stimulation to that achieved via direct
muscle stimulation of less than 0.5, and those with CIM will have a ratio of
approximately 1. Low-amplitude or absent sensory nerve action potentials are
also noted in patients with CIP. Needle EMG commonly reveals signs of an
irritable myopathy in those with CIM. Muscle biopsies may show type 2 fiber
atrophy and necrotic muscle fibers. Loss of myosin thick filaments is
characteristically seen on electron microscopy or by loss of reactivity on the
myosin ATPase stain.

Other Agents
Rare reports exist of rhabdomyolysis with levetiracetam68 as well as with
febuxostat.69 The risk with febuxostat appears highest in patients with severe
renal impairment.Myalgia,muscle stiffness, and asymptomatic CK elevation and
rarely weakness may complicate treatment with isotretinoin.70 Although they do
not pose a risk of myopathy for most patients, inhaled anesthetics and
depolarizing muscle relaxants (eg, succinylcholine) can cause malignant
hyperthermia in susceptible patients.

Muscle symptoms have been reported in association with gemcitabine in
patients previously treated with radiation. Muscle pain, edema, and weakness,
with or without a skin rash, can develop exclusively in areas previously treated
with radiation—a phenomenon termed radiation recall.71 Radiation recall has
been reported with other chemotherapeutic agents such as doxorubicin and
taxols, but typically manifests solely with skin rash. Symptom onset occurs a
median of 40 days after radiation, but case reports exist of symptoms occurring
years after radiation. Muscle biopsy in one case demonstrated thrombosis,
endothelial wall thickening, and vascular proliferation, with a focal, perimysial
T-lymphocytic infiltrate.72

MYOPATHY SECONDARY TO DRUGS OF ABUSE
A chronic proximal myopathy affects up to one-third of patients with chronic
alcoholism.73 An estimated cumulative minimum of 10 kg of ethanol per
kilogram of body weight is required to result in myopathy. In one cohort,
affected patients consumed, on average, 100 g/d to 300 g/d (approximately 10 to
30 drinks) consistently for 20.5 ± 9.4 years.74 Myopathy likely results from a
combination of the toxic effects of alcohol, nutritional deficiency, and perhaps
electrolyte imbalance, but it can develop even in those not obviously
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malnourished. Mild painless weakness, sometimes subclinical, develops in the
legs more than the arms. Patients with myopathy may have concurrent
neuropathy and are also more likely to have alcoholic cirrhosis and
cardiomyopathy. About 60% will have elevated CK levels. EMG demonstrates
myopathic MUAPs in 10% to 50%, but fibrillation potentials and positive sharp
waves are typically absent. Improvement in strength occurs over 2 to 12 months
with abstinence.

Alcohol can also precipitate acute weakness and rhabdomyolysis in the
setting of binge drinking.75 Weakness, muscle pain and edema, and a markedly
elevated CK level develop over hours to days. Dysphagia and cardiomyopathy
can accompany limb weakness. In severe cases, myoglobinuria may lead to
renal failure.

Repeated IM heroin injection can lead to focal fibrotic myopathy with years of
use.76 Opiate use is now estimated to be the second most common cause of
compartment syndrome (after trauma) due to immobility in the setting of
overdose.77 Rhabdomyolysis can also result from the use of cocaine,
amphetamines, and phencyclidine.78
CONCLUSION
Myopathy can be encountered as a result of many frequently prescribed
medications and other toxic substances, such as alcohol. Although their
presentation may at times be nonspecific, certain clinical features and findings
on muscle biopsy can allow for diagnosis. Early recognition is key because
stopping the use of the offending agent can lead to improvement of symptoms, or
in the case of statin-associated immune-mediated necrotizing myopathy and
immune checkpoint inhibitor–associated myopathy, appropriate treatment can
be initiated.
REFERENCES

1 Goyal NA. Immune-mediated myopathies.
Continuum (Minneap Minn) 2019;25(6, Muscle
and Neuromuscular Junction Disorders):
1564–1585.

2 Mammen AL, Amato AA. Statin myopathy:
a review of recent progress. Curr Opin
Rheumatol 2010;22(6):644–650. doi:10.1097/BOR.
0b013e32833f0fc7.

3 Thompson PD, Clarkson P, Karas RH.
Statin-associated myopathy. JAMA 2003;
289(13):1681–1690. doi:10.1001/jama.289.13.1681.

4 Franc S, Dejager S, Bruckert E, et al. A
comprehensive description of muscle symptoms
associated with lipid-lowering drugs. Cardiovasc
Drugs Ther 2003;17(5–6):459–465. doi:10.1023/B:
CARD.0000015861.26111.ab.

5 Hansen KE, Hildebrand JP, Ferguson EE, Stein JH.
Outcomes in 45 patients with statin-associated
myopathy. Arch Intern Med 2005;165(22):
2671–2676. doi:10.1001/archinte.165.22.2671.

6 Cham S, Evans MA, Denenberg JO, Golomb BA.
Statin-associated muscle-related adverse
effects: a case series of 354 patients.
Pharmacotherapy 2010;30(6):541–453.
doi:10.1592/phco.30.6.541.

7 Bruckert E, Hayem G, Dejager S, et al. Mild to
moderate muscular symptoms with high-dosage
statin therapy in hyperlipidemic patients—the
PRIMO study. Cardiovasc Drugs Ther 2005;19(6):
403–414. doi:10.1007/s10557-005-5686-z.

8 Pasternak RC, Smith SC Jr, Bairey-Merz CN, et al.
ACC/AHA/NHLBI clinical advisory on the use and
safety of statins. Circulation 2002;106(8):
1024–1028. doi:10.1016/S0735-1097(02)02030-2.

9 Taylor BA, Thompson PD. Statin-associated
muscle disease: advances in diagnosis and
management. Neurotherapeutics 2018;15(4):
1006–1017. doi:10.1007/s13311-018-0670-z.

10 American College of Cardiology. Statin
intolerance. tools.acc.org/statinintolerance/#!/.
Updated December 2016. Accessed October 16,
2019.
rican Academy of Neurology. Unauthorized reprodu
DECEMBER 2019

ction of this article is prohibited.

http://tools.acc.org/statinintolerance


11 Rosenson RS, Miller K, Bayliss M, et al. The
Statin-associated Muscle Symptom Clinical
Index (SAMS-CI): revision for clinical use, content
validation, and inter-rater reliability. Cardiovasc
Drugs Ther 2017;31(2):179–186. doi:10.1007/
s10557-017-6723-4.

12 Evans M, Rees A. The myotoxicity of statins.
Curr Opin Lipidol 2002;13(4):415–420.

13 Chan J, Hui RL, Levin E. Differential association
between statin exposure and elevated levels of
creatine kinase. Ann Pharmacother 2005;39(10):
1611–1616. doi:10.1345/aph.1G035.

14 SEARCH Collaborative Group, Link E, Parish S,
et al. SLCO1B1 variants and statin-induced
myopathy—a genomewide study. N Engl J Med
2008;358(8):789–799. doi:10.1056/
NEJMoa0801936.

15 Kuncl RW. Agents and mechanisms of toxic
myopathy. Curr Opin Neurol 2009;22(5):506–515.
doi:10.1097/WCO.0b013e32833045a0.

16 Grable-Esposito P, Katzberg HD, Greenberg SA,
et al. Immune-mediated necrotizing myopathy
associated with statins. Muscle Nerve 2010;41(2):
185–190. doi:10.1002/mus.21486.

17 Christopher-Stine L, Casciola-Rosen LA, Hong G,
et al. A novel autoantibody recognizing 200-kd
and 100-kd proteins is associated with an
immune-mediated necrotizing myopathy.
Arthritis Rheum 2010;62(9):2757–2766.
doi:10.1002/art.27572.

18 Meriggioli MN, Barboi AC, Rowin J, Cochran EJ.
HMG-CoA reductase inhibitormyopathy: clinical,
electrophysiological, and pathologic data in five
patients. J Clin Neuromuscul Dis 2001;2(3):129–134.

19 Floyd JS, Brody JA, Tiniakou E, et al. Absence
of anti-HMG-CoA reductase autoantibodies in
severe self-limited statin-related myopathy.
Muscle Nerve 2016;54(1):142–144. doi:10.1002/
mus.25127.

20Mammen AL, Pak K, Williams EK, et al. Rarity of
anti-3-hydroxy-3-methylglutaryl-coenzyme a
reductase antibodies in statin users, including
those with self-limited musculoskeletal side
effects. Arthritis Care Res (Hoboken) 2012;64(2):
269–272. doi:10.1002/acr.20662.

21 Phillips PS, Haas RH, Bannykh S, et al. Statin-
associated myopathy with normal creatine
kinase levels. Ann Intern Med 2002;137(7):
581–585. doi:10.7326/0003-4819-137-7-
200210010-00009.

22 Mammen AL, Tiniakou E. Intravenous immune
globulin for statin-triggered autoimmune
myopathy. N Engl J Med 2015;373(17):1680–1682.
doi:10.1056/NEJMc1506163.

23 Allenbach Y, Mammen AL, Benveniste O,
et al. 224th ENMC International Workshop:
clinico-sero-pathological classification of
immune-mediated necrotizing myopathies
Zandvoort, The Netherlands, 14–16 October
2016. Neuromuscul Disord 2018;28(1):87–99.
doi:10.1016/j.nmd.2017.09.016.

24 Alsheikh-Ali AA, Kuvin JT, Karas RH. Risk of
adverse events with fibrates. Am J Cardiol 2004;
94(7):935–938. doi:10.1016/j.amjcard.2004.
06.033.

25 Pierce LR, Wysowski DK, Gross TP. Myopathy
and rhabdomyolysis associated with lovastatin-
gemfibrozil combination therapy. JAMA 1990;
264(1):71–75. doi:10.1001/jama.1990.
03450010075034.

26 Litin SC, Anderson CF. Nicotinic acid-associated
myopathy: a report of three cases. Am J Med
1989;86(4):481–483. doi:10.1016/0002-9343(89)
90352-5.

27 Slim H, Thompson PD. Ezetimibe-related
myopathy: a systematic review. J Clin Lipidol
2008;2(5):328–334. doi:10.1016/j.jacl.
2008.08.430.

28 Nissen SE, Stroes E, Dent-Acosta RE, et al. Efficacy
and tolerability of evolocumab vs ezetimibe in
patients with muscle-related statin intolerance:
the GAUSS-3 randomized clinical trial. JAMA 2016;
315(15):1580–1590. doi:10.1001/jama.2016.3608.

29 Takahashi K, Ogita T, Okudaira H, et al.
D-penicillamine-induced polymyositis in patients
with rheumatoid arthritis. Arthritis Rheum 1986;
29(4):560–564. doi:10.1002/art.1780290416.

30 Touat M, Maisonobe T, Knauss S, et al. Immune
checkpoint inhibitor-related myositis and
myocarditis in patients with cancer. Neurology
2018;91(10):e985–e994. doi:1212/
WNL.0000000000006124.

31 Kao JC, Brickshawana A, Liewluck T.
Neuromuscular complications of programmed
cell death-1 (PD-1) inhibitors. Curr Neurol
Neurosci Rep 2018;18(10):63. doi:10.1007/
s11910-018-0878-7.

32 Liewluck T, Kao JC, Mauermann ML. PD-1
inhibitor-associated myopathies: emerging
immune-mediated myopathies. J Immunother
2018;41(4):208–211. doi:10.1097/
CJI.0000000000000196.

33 Shah M, Tayar JH, Abdel-Wahab N,
Suarez-Almazor ME. Myositis as an adverse event
of immune checkpoint blockade for cancer
therapy. Semin Arthritis Rheum 2019;48(4):
736–740. doi:10.1016/j.semarthrit.2018.05.006.

34 Haddox CL, Shenoy N, Shah KK, et al.
Pembrolizumab induced bulbar myopathy and
respiratory failure with necrotizing myositis of
the diaphragm. Ann Oncol 2017;28(3):673–675.
doi:10.1093/annonc/mdw655.

35 Suzuki S, Ishikawa N, Konoeda F, et al.
Nivolumab-related myasthenia gravis with
myositis and myocarditis in Japan. Neurology
2017;89(11):1127–1134. doi:10.1212/
WNL.0000000000004359.

36 Johnson DB, Balko JM, Compton ML, et al.
Fulminant myocarditis with combination immune
checkpoint blockade. N Engl J Med 2016;375(18):
1749–1755. doi:10.1056/NEJMoa1609214.
CONTINUUMJOURNAL.COM

Copyright © American Academy o
1729

f Neurology. Unauthorized reproduction of this article is prohibited.



TOXIC MYOPATHIES

1730

Copyright © Ame
37 Guidon AC. Lambert-Eaton myasthenic
syndrome, botulism, and immune checkpoint
inhibitor–related myasthenia gravis. Continuum
(Minneap Minn) 2019;25(6, Muscle and
Neuromuscular Junction Disorders):1785–1806.

38 Bilen MA, Subudhi SK, Gao J, et al. Acute
rhabdomyolysis with severe polymyositis
following ipilimumab-nivolumab treatment in a
cancer patient with elevated anti-striated
muscle antibody. J Immunother Cancer 2016;4(1):
36. doi:10.1186/s40425-016-0139-8.

39 Brahmer JR, Lacchetti C, Schneider BJ, et al.
Management of immune-related adverse events
in patients treated with immune checkpoint
inhibitor therapy: American Society of Clinical
Oncology clinical practice guideline. J Clin Oncol
2018;36(17):1714–1768. doi:10.1200/
JCO.2017.77.6385.

40 Delyon J, Brunet-Possenti F, Leonard-Louis S, et al.
Immune checkpoint inhibitor rechallenge in
patients with immune-related myositis [published
online September 21, 2018]. Ann Rheum Dis
doi:10.1136/annrheumdis-2018-214336.

41 Estes ML, Ewing-Wilson D, Chou SM, et al.
Chloroquine neuromyotoxicity. Clinical and
pathologic perspective. Am J Med 1987;82(3):
447–455. doi:10.1016/0002-9343(87)90444-X.

42 Abdel-Hamid H, Oddis CV, Lacomis D. Severe
hydroxychloroquine myopathy. Muscle Nerve
2008;38(3):1206–1210. doi:10.1002/mus.21091.

43 Stein M, Bell MJ, Ang LC. Hydroxychloroquine
neuromyotoxicity. J Rheumatol 2000;27(12):
2927–2931.

44 Orr CF, Ahlskog JE. Frequency, characteristics,
and risk factors for amiodarone neurotoxicity.
Arch Neurol 2009;66(7):865–869. doi:10.1001/
archneurol.2009.96.

45 Kuncl RW, Duncan G, Watson D, et al. Colchicine
myopathyandneuropathy.NEngl JMed 1987;316(25):
1562–1568. doi:10.1056/NEJM198706183162502.

46 Kwon OC, Hong S, Ghang B, et al. Risk of
colchicine-associated myopathy in gout:
influence of concomitant use of statin.
Am J Med 2017;130(5):583–587. doi:10.1016/j.
amjmed.2016.12.006.

47 Rutkove SB, De Girolami U, Preston DC, et al.
Myotonia in colchicine myoneuropathy. Muscle
Nerve 1996;19(7):870–875. doi:10.1002/(SICI)
1097-4598(199607)19:7&lt;870::AID-MUS9&gt;3.0.
CO;2-6.

48 Dalakas MC, Illa I, Pezeshkpour GH, et al.
Mitochondrial myopathy caused by long-term
zidovudine therapy. N Engl J Med 1990;322(16):
1098–1105. doi:10.1056/NEJM199004193221602.

49 Peters BS, Winer J, Landon DN, et al.
Mitochondrial myopathy associatedwith chronic
zidovudine therapy in aids. Q J Med 1993;86(1):
5–15. doi:10.1093/oxfordjournals.qjmed.a068738.

50 Xu H, Wang Z, Zheng L, et al. Lamivudine/
telbivudine-associated neuromyopathy:
neurogenic damage, mitochondrial dysfunction
and mitochondrial DNA depletion. J Clin Pathol
2014;67(11):999–1005. doi:10.1136/jclinpath-2013-
202069.

51 Yuan K, Guochun W, Huang Z, et al. Entecavir-
associated myopathy: a case report and
literature review. Muscle Nerve 2014;49(4):
610–614. doi:10.1002/mus.24118.

52 Ambang T, Tan JS, Ong S, et al. Clinicopathological
features of telbivudine-associated myopathy.
PLoS One 2016;11(9):e0162760. doi:10.1371/journal.
pone.0162760.

53 Zou XJ, Jiang XQ, Tian DY. Clinical features and
risk factors of creatine kinase elevations and
myopathy associated with telbivudine. J Viral
Hepat 2011;18(12):892–896. doi:10.1111/j.
1365-2893.2010.01412.x.

54 Turan I, Yapali S, Bademkiran F, et al. Telbivudine
in liver transplant recipients: renal protection
does not overcome the risk of polyneuropathy
andmyopathy. Liver Transpl 2015;21(8):1066–1075.
doi:10.1002/lt.24131.

55 Madeddu G, De Socio GV, Ricci E, et al.
Muscle symptoms and creatine phosphokinase
elevations in patients receiving raltegravir in
clinical practice: results from the SCOLTA
project long-term surveillance. Int J Antimicrob
Agents 2015;45(3):289–294. doi:10.1016/j.
ijantimicag.2014.10.013.

56 Lee FJ, Amin J, Bloch M, et al. Skeletal muscle
toxicity associated with raltegravir-based
combination antiretroviral therapy in HIV-
infected adults. J Acquir Immune Defic Syndr
2013;62(5):525–533. doi:10.1097/QAI.
0b013e3182832578.

57 Muller R, Kugelberg E. Myopathy in Cushing’s
syndrome. J Neurol Neurosurg Psychiatry 1959;
22:314–319.

58 Khaleeli AA, Edwards RH, Gohil K, et al.
Corticosteroid myopathy: a clinical and
pathological study. Clin Endocrinol (Oxf) 1983;18(2):
155–166. doi:10.1111/j.1365-2265.1983.tb03198.x.

59 Kissel J, Mendell J. The endocrinemyopathies. In:
Rowland L, DiMauro S, eds. Handbook of clinical
neurology. Vol 18, no 62. Amsterdam, Netherlands:
Elsevier Science Publishers, 1992:527–551.

60 Pleasure DE, Walsh GO, Engel WK. Atrophy of
skeletal muscle in patients with Cushing’s
syndrome. Arch Neurol 1970;22(2):118–125. doi:
10.1001/archneur.1970.00480200024002.

61 Koch S, Spuler S, Deja M, et al. Critical
illness myopathy is frequent: accompanying
neuropathy protracts ICU discharge. J Neurol
Neurosurg Psychiatry 2011;82(3):287–293. doi:
10.1136/jnnp.2009.192997.

62 Rich MM, Teener JW, Raps EC, et al. Muscle is
electrically inexcitable in acute quadriplegic
myopathy. Neurology 1996;46(3):731–736.
doi:10.1212/WNL.46.3.731.
rican Academy of Neurology. Unauthorized reprodu
DECEMBER 2019

ction of this article is prohibited.



63 Showalter CJ, Engel AG. Acute quadriplegic
myopathy: analysis of myosin isoforms and
evidence for calpain-mediated proteolysis.
Muscle Nerve 1997;20(3):316–322. doi:10.1002/
(SICI)1097-4598(199703)20:3<316::AID-MUS8>3.0.
CO;2-E.

64 Koch S, Wollersheim T, Bierbrauer J, et al.
Long-term recovery in critical illness myopathy
is complete, contrary to polyneuropathy.
Muscle Nerve 2014;50(3):431–436. doi:10.1002/
mus.24175.

65 Stevens RD, Dowdy DW, Michaels RK, et al.
Neuromuscular dysfunction acquired in critical
illness: a systematic review. Intensive Care Med
2007;33(11):1876–1891. doi:10.1007/s00134-007-
0772-2.

66 Steinberg KP, Hudson LD, Goodman RB, et al.
Efficacy and safety of corticosteroids for
persistent acute respiratory distress syndrome.
N Engl J Med 2006;354(16):1671–1684. doi:10.1056/
NEJMoa051693.

67 Lacomis D. Electrophysiology of neuromuscular
disorders in critical illness. Muscle Nerve 2013;
47(3):452–463. doi:10.1002/mus.23615.

68 Carnovale C, Gentili M, Antoniazzi S, et al.
Levetiracetam-induced rhabdomyolysis:
analysis of reports from the Food and Drug
Administration’s Adverse Event Reporting
System database. Muscle Nerve 2017;56(5):
E176–E178. doi:10.1002/mus.25972.

69 Liu CT, Chen CY, Hsu CY, et al. Risk of
febuxostat-associated myopathy in patients
with CKD. Clin J Am Soc Nephrol 2017;12(5):
744–750. doi:10.2215/CJN.08280816.

70 Chroni E, Monastirli A, Tsambaos D.
Neuromuscular adverse effects associated
with systemic retinoid dermatotherapy:
monitoring and treatment algorithm for
clinicians. Drug Saf 2010;33(1):25–34.
doi:10.2165/11319020-000000000-00000.

71 Burris HA 3rd, Hurtig J. Radiation recall with
anticancer agents. Oncologist 2010;15(11):
1227–1237. doi:10.1634/theoncologist.2009-0090.

72 Spielmann L, Messer L, Moreau P, et al.
Gemcitabine-induced myopathy. Semin Arthritis
Rheum 2014;43(6):784–791. doi:10.1016/j.
semarthrit.2013.11.009.

73 Urbano-Márquez A, Fernández-Solà J. Effects of
alcohol on skeletal and cardiac muscle. Muscle
Nerve 2004;30(6):689–707. doi:10.1002/mus.20168.

74 Sacanella E, Fernández-Solá J, Cofan M, et al.
Chronic alcoholic myopathy: diagnostic clues
and relationship with other ethanol-related
diseases. Q J Med 1995;88(11):811–817. doi:10.1093/
oxfordjournals.qjmed.a069009.

75 Riggs JE. Alcohol-associated rhabdomyolysis:
ethanol induction of cytochrome P450 may
potentiate myotoxicity. Clin Neuropharmacol
1998;21(6):363–364.

76 Louis ED, Bodner RA, Challenor YB, Brust JCM.
Focal myopathy induced by chronic
intramuscular heroin injection. Muscle Nerve
1994;17(5):550–552. doi:10.1002/mus.880170513.

77 Benns M, Miller K, Harbrecht B, et al.
Heroin-related compartment syndrome: an
increasing problem for acute care surgeons.
Am Surg 2017;83(9):962–965.

78 Roth D, Alarcón FJ, Fernandez JA, et al. Acute
rhabdomyolysis associated with cocaine
intoxication. N Engl J Med 1988;319(11):673–677.
doi:10.1056/NEJM198809153191103.
CONTINUUMJOURNAL.COM

Copyright © American Academy o
1731

f Neurology. Unauthorized reproduction of this article is prohibited.


