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Understanding necrotizing 

myopathy 



First myositis classification 

1. Symmetrical proximal muscle weakness; 

2. Muscle biopsy abnormalities : 
1. Muscle fiber destruction and regeneration;  

2. Perivascular and interstitial inflammatory infiltrates with muscle fiber 
destruction.  

3. Elevation of CPK, Transaminases, LDH or aldolase activity; 

4. Myogenic electromyography changes; 

5. Typical skin rash. 

 

• DEFINITE: any 4 of the criteria 

• PROBABLE: any 3 of the criteria 



Neurology 2014 

• Finger flexor or quadriceps weakness, and  

• Endomysial inflammation, and 

• Invasion of nonnecrotic muscle fibres or rimmed vacuoles  

→ 90% sensitivity and 96% specificity  

Neurology, 1995 



EMG, MRI, auto-Abs 

IMNM 

Necrosis + regeneration without inflammation 



• One unique MSA: anti-Jo1 

 

• 3 subgroups: (J)DM, PM, IBM 



www.imm.ki.se/biostatistics/calculators/iim 

1) 74 yo man with proximal and distal weakness with 

dysphagia, invaded fibers but no vacuoles at the 

muscle biopsy.  

Score of 7, with a probability of 64% : IIM type PM. 

But IBM! 

2) 22 yo man with proximal weakness, with endomysial 

infiltration of mononuclear cells surrounding, but not 

invading, myofibers.  

Score of 9.2, with a probability of 94%: definite IIM 

subtype PM. 

But dysferlinopathy (LGMD2B)! 



Actual classification of myositides 

• Dermatomyositis, 30% paraneoplastic  

 

• Inclusion body myositis 

     

• Polymyositis  

     

• Overlap myositis (Troyanov) 
– Myositis associated to a connective tissue disease 

– Myositis with associated Abs (PmScl, Ku …) 

– Myositis with specific Abs (anti-synthetases, anti-SRP…) 

  

• Immune mediated necrotizing myopathies (Hoogendijk) 
with anti-SRP+, anti-HMGCoA Reductase+ (post-
statines), or paraneoplastic 

  



Myositis specific auto-antibodies 

Benveniste, Curr Opin Neurol, 2016 



12 Abs 

15 Abs 

Commercial line dot assays 





In press 



Registry of Myositis in Neuro-Muscular 

Diseases Reference Center (GHPS) 

N= 1150 

MSA panel evaluation performed             

period 2003-2014                                    

N=507 

Patient’s files included for pre-

analytical phase (step 1) 

N= 361 (708 variables) 

Myositis defined according to 

historical classifications 

N= 445 

Patient’s files for the new 

classification (MCA, HCA and CART) 

N=260 (47 variables) 

Patient’s files included for analytical 

phase (step 2.1) 

N=361 (47 variables) 

Patient’s files with 

missing data (at least 

one) (n=101) (step 2.2) 

Dot myositis not done         

(n= 643) 

Files not available or 

lack of relevant data 

(n=84) 

Myositis not defined     

(n=62) 



• Presence of MSA: 207/361 patients (57.34%)  

 

 Step1 : pre-analytic phase 



 

• 47 variables used for multiple correspondence analysis (260 patients): 
 

 

 

 

 

 

 
 

 

Step 2: analytic phase 

Type of variables Variables selected 

Sociodemographic variables  patient number, gender, age at diagnosis, ethnicity 

Skin lesions variables 

Skin lesions criteria, shawl signs, typical DM skin rash, 

heliotrope rash, alopecia, calcinosis, limb edema, 

panniculitis, skin ulcers and mechanic’s hands 

Biological variables 

CK level (highest), anti-synthetase autoantibodies 

(grouping anti-Jo1, anti-PL7 and anti-PL12), anti-Jo1, anti-

Mi2, anti-SRP, ANA, anti-Ku, anti-PmScl, anti-RNP, anti-

Scl70, anti-Sm, anti-SSARo52, anti-SSARo60, anti-SSB 

Histological variables 

necrotic fibers, mitochondrial abnormalities, perifascicular 

atrophy, vacuolated fibers, inflammatory infiltrates, 

inflammatory infiltrate invading non-necrotic fibers and 

perivascular infiltrates 

Muscular variables  

Proximal/distal/axial muscle weakness, swallowing 

troubles, Manual muscle testing (MRC scale) for the 

deltoids, psoas, quadriceps and finger flexors,  

Extra-muscular variables  

cancer (± 3 years of the myositis diagnosis), arterial 

hypertension, Raynaud's phenomenon, lung specific 

involvement, arthritis/arthralgia,  



Step2: Hierarchical Cluster Analysis 

(HCA)  
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HCA: cluster 1  (n=77, 29.6%)  

IBM (n=72, 93.51%; p<0.0001) 

 

• Men (n=74, 96.11%; p<0.0001) 

• Caucasian origin (n=63, 81.82%; p<0.0001) 

•  ≥ 60 yo (n=58, 75.32%; p<0.0001) 

 

 

• 160 IU/L ≤ CK ≤ 793 IU/L (n=33, 42.86%; p<0.0001) 

 

• Inflammatory infiltrates (n=77, 100%; p<0.0001) 

• Vacuolated fibers (n=62, 80.52%; p<0,00001)  

• invaded fibers (n=52, 67.53%; p<0.0001) 

 

 

• Fingers flexors ≤ 3 (n=48, 62.34%; p<0,00001) 

• Quadriceps ≤ 3 (n=47, 61.04%), p<0.0001) 

• Deltoïd=5 (n=28, 36.36%; p < 0.0001) 

• Swallowing troubles (n=59; 76.62%; p = 0.0001) 

 

• No skin, lung, Raynaud, arthritis, MSA … 

 

 

CK 



HCA: cluster 2 (n=52, 20%) 
DM (n=43, 82.69%; p < 0.0001) 

• Age at diagnosis ≤ 40 (n=19, 36.54%; p <0.0001) 

• DM skin rash (n=46, 88.46%), heliotrope rash (n=39, 75%), 

shawl sign (n=42, 80.77%; p<0,00001) 

• Limb eodema (n=18, 34.62%; p<0,0001), Skin ulcers (n=9, 

17.31%; p<0.0001), Alopecia (n=10, 19.23%; p=0.001), 

Panniculitis (n=4, 7.69%; p=0.002), Calcinosis (n=5, 9.62%; 

p=0.0007) 

MSA 

• Anti-Mi2 (n=10, 19.23%; p<0.00001) 
+ Anti-MDA5  (n=3, 8.11%; p=0.02) + anti-TiF1gamma (n=2, 

5.56%; p=0.04) + Anti-SAE1 (n=2, 6.06%; p=0.05) 

• Perifascicular atrophy (n=29, 55.77%; p<0,0001),  

• Inflammation (n=46, 88.46%; p<0,0001) with perivascular 

infiltrates (n=35, 67.31%; p<0.0001) 

 

• Deltoïds ≤ 3 (n=29, 55.77%; p < 0.0001) 

 

• Cancer (n=11, 21.15%; p=0.02) 



ASyS (n=36; 90%) or PM (n=38, 95%) and 2 DM (p < 0.0001) 

HCA: cluster 3 (n=40, 15.39%)    

• Age at diagnosis  ≤ 40 yo (n=15, 37.5%; p<0.0001) 

• African origin (n=9, 22.5%; p<0.0001) 

 

• Mechanic’s hands (n=22, 55%; p < 0.00001) 

• ILD (n=34, 85%; p<0.0001), FVC≤70 (n=19, 55.88%; p=0.0002) 

• Raynaud phenomenon (n=17, 42.5%; p < 0.0001) 

• Arthritis/arthralgia (n=36, 90%; p < 0.0001) 

CK 

MSA 

• ≥7000 IU/L (n=15, 37.5%; p<0.0001) 

• Anti-Jo1 (n=31, 77.5%; p<0.00001) 

+ anti-PL7 (n=3, 7.5%; p=0.02), anti-PL12 (n=2, 5%; p=0,05) 



HCA: cluster 4 (n=91, 35%) 

 IMNM (n=53, 58.24%; p<0,0001) or PM (n=21, 23.08%; p < 0.0001) 

• Women (n=66, 72.53; p < 0.0001)  

• Asian origin (n=17, 18.68%; p < 0.0001) 

CK • ≥ 2300 IU/L (n=58, 63.74%; p<0.00001) 

MSA 
• Anti-SRP (n=23, 25.27%; p<0.00001), anti-Ku (n=5, 5.49%; p= 0.03)  

• No muscle inflammation (p<0,00001), vacuoles, 

perifascicular atrophy,  nor mitochondrial abnormalities 

• Psoas ≤3 (n= 57, 62.64%; p=0.02), Quadriceps = 5 (n=40, 43.96%; 

p<0.0001) 

• Fingers flexors = 5 (n= 59, 64.84%; p<0.0001) 

 

• No skin lesion 

+ Anti-HMGCR (n=20, 28.57%; p<0.0001) 

 







First series of cases 

• 13 patients PM  

• « Some of these cases were unusually severe and/or of rapid onset » 

• « Anti-SRP antibodies may serve as a marker for a second (after Jo1),  

 distinct subgroup of adult PM » 

 



  

– 7 patients with severe myopathy  

– ± cardiomyopathy (30%) 

– High CK level (> 10 000 U/L)  

– Sometimes skin rash or interstitial lung disease 

– Muscle fiber necrosis and regeneration and little or no 

inflammation 

 C5b9 HE 



Arthritis, Sept 2010 

• 225 patients with an IIM 

(muscle biopsies + sera) 

 

• 38 IMNM 

 - 4 anti-synthetases 

 - 6 anti-SRP 

 

 - 16 anti-p200/100 





• ELISA HMGCoAR: 100% + patients anti-p200/100 

 

 

• Specificity: 

 

Immunoprecipitation 

W blot 



N = 1966 with 763 now under statines, 322 had statines, 881 no statines 



Allenbach Y, Medicine, 2014 



IMNM, HMGCR and muscle strength 



IMNM and severity 



IMNM and MRI 



Neurology. 1998 Mar;50(3):764-7.  

HE C5b9 

4 cases with cancer 

 

• Lung 

• Bladder 

• Gastric 

• Colon 



IMNM, MSA and cancers 



IMNM, MSA and cancers 

36 % 



SRP HMGCR 

Muscular deficit ++++ +++ 

CK ++++ +++ 

MRI ++++ +++ 

Cardiac + - 

ILD + - 

Arthralgia + - 

Malignancy - + 



SRP and HMGCR functions 

 Signal Recognition Particule (SRP)  3-hydroxy-3-methylglutaryl-

CoA-reductase (HMGCR) 



SRP and HMGCR location 



Correlations between CK and Ab titer levels 

Benveniste et al; Arthritis, 2011 

Allenbach et al;  Medicine,  2014 



Anti-SRP Anti-HMGCR Anti-Jo-1 DM 
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Fiber necrosis : role of the complement 
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C1q   IgG 

Anti-SRP Anti-HMGCR 

LGMD2I DMD 

Y Allenbach Neurology 2018 
IgG 



Commercial anti-SRP polyclonal Ab 

Commercial anti-HMGCR monoclonal Ab 

Patient’s purified anti-SRP 

Patient’s purified anti-HMGCR 

How these Abs can reach their 

intracytosolic targets? 
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Patient’s purified anti-SRP or HMGCR 

On young myotubes 

L Arouche-Delaperche Ann. Neurol 2017 



Anti-SRP and anti-HMGCR reach their targets at the membrane surface 

On young non permeabilized myotubes 

Patient’s purified anti-SRP Patient’s purified anti-HMGCR 

Confocal microscope 





** P<0.01, *** P<0.001 

Passive transfer of anti-SRP Abs in mice 

O Boyer et al., Rouen, France 



C57BL/6 Rag-/- mice 

*** P<0.001 



Only 10 Randomised Controlled Trials (RCT) 

Authors, year type N Intervention Efficacy at x 

months 

Dalakas, 1993 DM 15 IVIg vs pbo Yes at 3 

Miller, 1992 PM/DM 39 PE, leukap vs pbo No at 1  

Muscle Stud Gp, 2001 DM 16 Etanercept vs pbo No at 12 

Takada, 2002 DM 13 Eculizumab vs pbo Yes? at 2 

Coyle, 2008 PM/DM 18 Infliximab vs pbo No at 3  

Bunch, 1980 PM 16 Pred+ AZA vs pbo No at 3  

Villalba, 1998 PM/DM 30 MTX vs MTX+AZA Yes at 6  

Vencovsky, 2000 PM/DM 36 Pred+CSA vs MTX Equival at 6 

Miller, 2002 PM/DM 28 Pred+MTX vs AZA Equival at 12 

Van de Vlekkert, 2010 PM/DM 62 Pred vs Dexa Equival at 18 

Different outcomes: MMT on 5 to 13 point scale on 18 to 26 muscle groups 



Many bias 

Gordon PA et al. Cochrane Database of Systematic Reviews 2012, Issue 8. 

Conclusion: lack of high quality RCTs that assess the efficacy and 

toxicity of immunosuppressants 







Early 

Late 

83% 

Median time to achieving a DOI of 20 weeks in both groups (much 

longer than the 8 weeks of placebo controlled double blind phase) 





139 patients 

54 centres 

22 countries 

 

2 years of tt 

 







Recommandation 

Troyanov et al. Medicine 2005; 84(4): 231-49 





Consensus for the treatment of IMNM 



Treatment of IMNM 



The Myositis Association in France: GIMI 
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