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Idiopathic Inflammatory Myopathies (Myositis)

• Adult Polymyositis (PM)
– Necrotizing Myopathy  (NM)
– Anti-synthetase Syndrome (ASSD)  

• Adult Dermatomyositis (DM)
– Clinically Amyopathic Dermatomyositis (CADM)

• Juvenile myositis (DM >> PM)
• Cancer-associated myositis (CAM)
• Connective tissue disease associated myositis
• Inclusion body myositis (IBM)

Heterogeneous, systemic autoimmune disease with primary 
target of muscle and/or skin

Clinical subsets
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Bohan & Peter Classification Criteria 
for PM/DM

• Symmetric proximal muscle weakness

• Elevation of muscle enzymes: CK, Aldolase, AST, ALT, LDH

• EMG/NCS: Myopathic (Short duration & low amplitude 
polyphasic motor units)

• Characteristic muscle pathology: Myofiber 
degeneration/regeneration, mononuclear infiltrates, 
perifascicular atrophy

• Skin rash of DM: Gottron’s papules or sign, heliotrope rash
Definite Probable

Dermatomyositis 4 (including rash) 3 (including rash)

Polymyositis 4 (without rash) 3 (without rash)
Bohan & Peter et al. NEJM 1975
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Mimics of Polymyositis?

Inclusion body myositis

Muscle dystrophies

Metabolic MyopathiesThyroid disease

Drugs 

- steroids
Neuromuscular diseaseMalignancyImage with permission
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No Myositis Autoantibodies in Bohan & Peter
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• SAE
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2017

Hengstman J Neurol 2005 

New Myositis 
Classification 
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2017 EULAR-ACR Classification Criteria for 
Myositis

Risk 
Score 
(with Bx)

Risk 
Score 
(No Bx)

Age of Onset 18-40 years 1.5 1.3
> 40 years 2.2 2.1

Objective symmetric 
proximal weakness

Upper Extremity 0.7 0.7

Lower Extremity 0.5 0.8
Neck flexors weaker 
> extensors

1.6 1.9

Lower Extremity Proximal weaker than distal 1.2 0.9
DM rash Heliotrope 3.2 3.1

Gottron Papules 2.7 2.1
Gottron Sign 3.7 3.3

Dysphagia 0.6 0.6
Serum CK Elevated 1.2 1.4
Anti-Jo-1 + 3.8 3.9
Muscle Biopsy Endomysial infiltration of lymphocytes 1.7

Perimysial and/or perivascular infiltration 1.2
Perifasicular atrophy 1.9
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Subtype of Idiopathic Inflammatory Myopathies (IIM)
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Performance of EULAR – ACR Classification

EULAR-ACR 
Criteria

Bohan 
& Peter

Targoff Dalakas 
& 
Hohlfeld

ENMC 
Hoogen-
dijkNo bx With 

Bx

Sensitivity 87 93 98 96 6 52
Specificity 82 88 55 31 99 97

Lundberg et al. ACR 2014
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Immune Mediated Necrotizing 
Myopathy

• Immune Mediated Necrotizing Myopathy (IMNM) 
• Necrotizing Autoimmune Myopathy (NAM)
• Autoimmune Necrotizing Myopathy
• Necrotizing Myopathy
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A Case
• 64 y/o Caucasian female with h/o HTN, DM and 

Hypercholesterolemia 
• March 2008: Started on Statin
• May 2010: Myalgias and weakness (lower extremity)
• June 2010: CK 5420; Creatinine normal

– Stopped Statins  “You will get better in few weeks”
• July 2010: Worsening of weakness, arm weak, CK: 12300
• Sept 2010: Requiring assistance to ambulate, CK: 11400
• Oct 2010: Dysphagia and hoarseness
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A Case
• 64 y/o Caucasian female with h/o HTN, DM and 

Hypercholesterolemia 
• March 2008: Started on Statin
• May 2010: Myalgias and weakness (lower extremity)
• June 2010: CK 5420; Creatinine normal

– Stopped Statins  “You will get better in few weeks”
• July 2010: Worsening of weakness, arm weak, CK: 12300
• Sept 2010: Requiring assistance to ambulate, CK: 11400
• Oct 2010: Dysphagia and hoarseness

Typical Case of Immune Mediated Statin Myopathy
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Muscle biopsy: Necrotizing Myopathy

Necrosis
Myophagocytosis
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Muscle biopsy: Necrotizing Myopathy

Myophagocytosis

Esterase stain macrophages
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Muscle biopsy: Necrotizing Myopathy

Grable-Esposito et al. Muscle and Nerve 2009

Necrosis

Myophagocytosis

No or scant inflammation
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Polymyositis - Histopathology

• cellular infiltrate predominantly within the fascicle with inflammatory cells invading 
individual muscle fibers 

• Inflammatory cells : cytotoxic CD8+ T cells (cell–mediated)
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MHC1 upregulation : suggest 
autoimmunity

Normal staining of 
MHC-1 in capillaries

Abnormal staining of MHC-1 in 
sarcoplasm and sarcolemma membrane

Christopher-Stine A&R 2010
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Muscle MRI: Edema on MRI
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Electromyography (EMG) – Irritable 
Myopathy

Increased Insertional Activity

Positive Sharp Wave 
& Fibrillation potentials
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Venn Diagram showing various 
myositis autoantibodies (Before 2010)
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Dermato-
myositis

Overlap
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Immunoprecipitation to identify any 
possible autoantibody
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Immunoprecipitation to identify any 
possible autoantibody

200 kDa

100 kDa

Necrotizing 
Myopathy

Anti-200/100 
kDa antibody ?
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A Novel Autoantibody Recognizing 200/100 
kDa Proteins Is Associated Necrotizing 

Myopathy

Protein Immunoprecipitation S35-Labelled HeLa Cell

Christopher-Stine A&R 2010
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Statin exposure was associated with Anti-200/100 antibody

0
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100

Anti- 2
00
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Statin history

Statin…
(Age > 50 years)
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83.3%

Christopher-Stine A&R 2010

24

HMGCR was hypothesized to be 100-kd 
antigen

Statin

HMGCR molecular 
weight 97 kDa

Goldstein et al. Nature 1990

25

Confirmation of 100 kDa Ag as HMGCR
• Radio–labeled full-length HMGCR was immunoprecipitated 

using sera from anti–200/100-kDa–positive patients with 
immune mediated statin myopathy

Anti-100/200 Kd 
antibody

DM 
controls

Healthy 
Controls

HMGCR

Mammen et al. A&R 2011
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Anti-200/100 kDa antibody 
= 

Anti-HMGCR antibody

And is highly associated with immune mediated 
necrotizing myopathy (IMNM) associated with 

Statins

- Immune mediated statin myopathy
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Aggarwal et al. Rheumatology 2015

SAE

Ro
Necrotizing 
Myopathy

Immune Mediated Necrotizing Myopathy (IMNM) or  
Necrotizing Autoimmune Myopathy (NAM)

or Necrotizing Myopathy
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Immune Mediated Necrotizing Myopathy 
(IMNM)

Necrotizing 
Myopathy

Aggarwal et al. ACR 2011
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Necrotizing 
Myopathy

Anti-SRP +
30 - 40%

Aggarwal et al. ACR 2011

Immune Mediated Necrotizing Myopathy 
(IMNM)
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Necrotizing 
Myopathy

Anti-SRP +
30 - 40%

Anti-HMGCR +
     30-40%

Aggarwal et al. ACR 2011

Immune Mediated Necrotizing Myopathy 
(IMNM)
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Necrotizing 
Myopathy

Anti-SRP +
30 - 40%

Anti-HMGCR +
     30-40%

Aggarwal et al. ACR 2011

Immune Mediated Necrotizing Myopathy 
(IMNM)

Statin + 
80%
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Necrotizing 
Myopathy

Anti-SRP +
30 - 40%

Anti-HMGCR +
     30-40%

Aggarwal et al. ACR 2011

Immune Mediated Necrotizing Myopathy 
(IMNM)

Statin + 
80%

20% HMGCR +
But No Statin

20% Statin IMNM+
But No HMGCR 
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Statins in diet and supplement

Oyster Mushroom 

34

Should we routinely check anti-
HMGCR antibody ?
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Anti-HMGCR antibody ELISA

• Sensitivity: 94.4%
• Specificity: 99.3%
• False Positive: 10.5%
• False negative: 0.3%

Mammen et al.  AC&R 2012

Too many patients are on Statin :  10% will be false positivity

Too few patients have immune mediated : 2 per million per year
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Anti-HMGCR antibodies are NOT 
seen in usual statin exposed patients

Mammen et al.  AC&R 2012

0
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8

10

Current
Statin

Past Statin No Statin

Anti-HMGCR ELISA
posi tive
Anti-HMGCR by IP

None of the patients had 
anti-HMGCR positive by IP

0.7 % 0.9 %

%

None developed statin myopathy or immune statin 
myopathy
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Anti-HMGCR antibody in Statin 
Myopathy (self limiting)

• 51 statin myopathy was compared with 47 controls

Mammen et al.  AC&R 2012

Statin Myopathy with + HMGCR antibody : 0%
Controls with + HMGCR antibody : 0% 
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Anti-HMGCR antibody is highly specific for 
immune mediated necrotizing myopathy (80-

90% statin history)

39

Do not check Anti-HMGCR antibody

• We do NOT recommend to check Anti-HMGCR antibody

– Before stating statins

– Statin exposed patients without muscular 
symptoms

– Self limiting typical statin myopathy

Check anti-HMGCR antibody if suspected 
immune mediated necrotizing myopathy (esp. if 

history of statin exposure)

Loganathan & Aggarwal et al. Expert Rev Clin Immunol. 2016
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Key clinical features of Immune Mediated Necrotizing 
Myopathy (Statin/HMGCR+)

• Strong Statin Association (on statin or h/o of statin exposure)
– 20 %  No statin history
– Age > 50 (higher association with statin, > 90% )

• Age: M iddle age to Elderly; M   = F
• Subacute to insidious onset 
• Progressive despite stopping statins
• Severe muscle weakness (100%  proximal weakness); Myalgia, 

arthralgia, dysphagia
• No Rash, ILD, Sicca, Raynaud’s, Arthritis, Cancer
• Very High CK (mean : 10,000; range : 3-24 K)
• Statin duration (0-83 months): 31.3 +/- 27.4 months
• Statin:  no particular agent
• Require immunosuppressive therapy  (long term)

Loganathan & Aggarwal et al. Expert Rev Clin Immunol. 2016
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Do not rechallenge with Statin
• Relapse can occur with re-

exposure to a statin
• All reported cases of re-

challenge led to relapse 
sooner or later

• If high cardiovascular risk 
– Non-statins

• Fibrates
• Ezetim ibe
• PCSK-9 inhibitors

Rechallenge

Loganathan & Aggarwal et al. Expert Rev Clin Immunol. 2016
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Anti-SRP Subset

• Younger patients
• Acute onset of severe 

weakness with myalgias
• Very high CPK, early 

atrophy
• Severe refractory 

dysphagia
• No other organ
• Poor prognosis and 

refractory to treatment
Bx shows:

Necrosis (arrow) 
Myophagocytosis (arrowhead) 
But no inflammation

Grable-Esposito, Muscle & Nerve, 2010
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PP-UNP-GBR-8411  May 2024Oldroyd et al. Nat Rev Rheumatol. 2023

International Cancer Screening Guidelines

Oldroyd and Aggarwal et al. Nat Rev Rheum 2023
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PP-UNP-GBR-8411  May 2024Oldroyd et al. Nat Rev Rheumatol. 2023

International Cancer Screening Guidelines

Oldroyd and Aggarwal et al. Nat Rev Rheum 2023
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https://www.ncbi.nlm.nih.gov/pubmed/26515829
https://www.ncbi.nlm.nih.gov/pubmed/26515829
https://www.ncbi.nlm.nih.gov/pubmed/26515829
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Treatment updates and Novel Options in 
Myositis
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No effective FDA Approved Therapies (until recently)

• Until recently, there were no FDA approved therapies for myositis beyond steroid 
and ACTH since in 1950s.

Images with permission
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Efficacy and Safety of IVIG in patients with active 
dermatomyositis.

A Randomized, Double-Blind, Placebo-Controlled Phase III Trial 
Progress in DERMatomyositis (ProDERM) Study 
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Treatment Considerations
• Stop Statins in anti-HMGCR antibody positive
• Steroid Therapy – modest response

– Prednisone 1 mg/kg po but a fast taper over 3 months
• Long term  immunosuppressive therapy

– Methotrexate
– Azathioprine
– Mycophenolate
– Tacrolimus

• Refractory: >80% require 2+ immunosuppressive 
agents
– IVIG  (Monotherapy or Com bination) or Rituxim ab

Treat Long Term (1-2 years);  
Loganathan & Aggarwal et al. Expert Rev Clin Immunol. 2016

50

Refractory 
Myositis

ILD/Anti-
synthetase/

MDA5

Severe 
Skin in 

DM- JDM

Mycophenolate Or 
Tacrolimus (cyclosporine)

Rituximab IVIG

Severe muscle / 
anti-SRP dysphagiaAnti-

HMGCR

Mycophenolate

Cyclophosphamide for 
ILD

Clinical Trials on Tofacitinib, Abatacept, Anifrolumab, ACTH, etc
Nature Review:  Treatment in Myositis. Oddis & Aggarwal et al. 

Tofacitinib
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Thank you from Pittsburgh 
Myositis Center

Email: Aggarwalr@upmc.edu

YouTube channel for patient education: Myositis101
Twitter: @docrota; Facebook: Rohit Aggarwal

Images with permission
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Join our efforts for clinical research or trials in Myositis 
through Myositis Clinical Trial Consortium (MCTC)

https://myositisclinicaltrialsconsortium.org
Email me if interested in myositis : Aggarwalr@UPMC.edu
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Immunogenetics: Does SLCO1B1 increases risk of Statin 
Associated IMNM

Single SNP (SLCO1B1) 
increases risk of typical 

Statin Myopathy
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https://www.ncbi.nlm.nih.gov/pubmed/26515829


4/25/25

7

No increased prevalence of the SNP 
(SLCO1B1 “C” allele) with immune 
mediated statin myopathy in anti-

HMGCR–positive patients

0
20
40
60
80

100

Anti-HM GCR
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(nor mal
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Frequency of C Allele

14% 14- 22 %

Mammen et al. A&R 2011
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HLA typing (HLADRB1*1101) is strongly 
associated with anti-HMGCR antibody 
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negativ e
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My opathy  (se lf

l im iting)

HLADR11

14/20            89/487                 11/51

70%

18%

OR: 24.5HLADRB1 in White

Mammen et al. AC&R 2012

21%
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• Sim ilar to HLA B27 for ankylosing spondylitis

– 80-90% patients vs. 7-10% general 
population

• HLADRB1*1101 is associated with anti-HMGCR antibody, 
but cannot be used diagnostically

– General population frequency : 10-20%

HLA typing (HLADRB1*1101) is strongly 
associated with anti-HMGCR antibody 

Mammen et al. AC&R 2012
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Exposure to Statin upregulate the expression of protein 
200/100 kDa

• Incubation of Lovastatin with HeLa cells 
before labeling of protein in IP, resulting in 
upregulation of 200/100 kDA Ag expression

Mammen et al. A&R 2011 

Important Clue in identifying 200 and 100 kDa Ag
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