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What is a Myopathy?

• a muscle disorder

• muscle fibers do not function normally

• results in weakness (or cramps or stiffness)

• the weakness is due to a primary process in the 
muscle
• - not a problem with the brain, nerve, tendon, etc. 





What are the Main Causes of  
Myopathies in Adults?

• Inflammatory: polymyositis, inclusion body myositis

• Endocrine: thyroid, parathyroid, adrenal, pituitary

• Toxic: alcohol, steroids, narcotics, colchicine, 
chloroquine

• Critical illness

• Metabolic

• Paraneoplastic



Lab Evaluation





G71.3 Mitochondrial 
Myopathy

• Those disorders due to defects in mitochondria

• Note:  many of  the other myopathies will result in
• -ragged red fibers

• -decreased electron transport chain function

• -the exact same weakness that occurs in mitochondrial 
myopathies 



Massive Mitochondrial 
Proliferation



Giant Mitochondria & 
Paracrystalline Inclusions



Genetic Testing



Treatment for Myopathy

• Some myopathies are treatable & curable

• Supportive care
• - physical therapy

• - assist devices and bracing

• - rare truly responsive cases
• - CoQ10 deficiency

- Creatine defects



Clinical Trial Work





Scope of  the Problem

• 100s  of  distinct disorders
• 37 mtDNA genes

• ~1100 nuclear genes

• Age:  birth – 100 (birth – 60s)

• Major organ systems:  brain, muscle, nerve, heart, 
liver, pancreas, eye, ear, kidneys

• Therapies:  symptomatic care, exercise, vitamins



• Brain

• reduce seizures

• improve attention and 
concentration

• improve intellectual functioning

• prevent headaches

• prevent strokes

• improve motor control

• MRI, SPECT

• Muscle

• improve strength

• lessen pain

• lessen fatigue

• reverse cardiomyopathy

• improve gut transit

• Liver

• improve synthetic function

• Nerve
– improve autonomic function
– lessen pain
– improve nerve conduction (all 

tissues)
• Pancreas

improve b-cell function
improve insulin production

• GI
– improve gastric motility
– improve intestinal motility

• Renal
– improve tubular function

• Eyes
– prevent further retinitis or optic 

atrophy

• Ears
– prevent further hearing loss 

• Systemic
– growth - prevention of failure to 

thrive



• Brain

• Seizure count

• Age-appropriate neuropsychological 
testing

• Headaches Diary

• Stroke Count

• Dozens of  motor tests

• Muscle

• Strength Testing (dozens of  different tests)

• OT and PT evalutations

• Lessen fatigue

• Cardiac contractility

• EKGs

• Liver

• Sequential liver function studies, enzymes

• Ultrasounds

• Pancreas:  Amylase, lipase, stool fat, HbA1c

• Nerve
– Sequential autonomic function studies
– Pain diary
– Sequential NCV

• GI
– Qualitative testing of motility
– Symptom diary

• Renal
– GFR and fractional excretion studies

• Eyes
– Sequential Va and Vf testing

• Ears
– Sequential audiology

• Systemic
– growth charting
– Cardio-Pulmonary Exercise VO2 max
– Analyte studies





Mitochondrial Therapy
Before Molecular Diagnostics

Alpha Lipoic Acid

Arginine/Citrulline

Levocarnitine

CoQ10

Riboflavin

Creatine monohydrate  

Folinic Acid

Coenzyme Q10 
Levocarnitine  

Vitamin B1   
Vitamin B2  
Vitamin B3
Vitamin B5
Vitamin B6
Vitamin B12
Folic Acid

Biotin  
Vitamin C
Vitamin E

Beta-carotene
Zinc

Selenium
Magnesium

N-acetyl cysteine



Shotgun Mitochondrial Therapy
Why it Does Not Make Sense

Coenzyme Q10 
Levocarnitine

Vitamin B1, 2, 3, 5, 6, 12   
Folic Acid

Biotin  
Vitamin C
Vitamin E

Beta-carotine
Zinc

Selenium
Magnesium

Alpha Lipoic Acid
Arginine
NADH
Ribose

Allopurinol
Creatine monohydrate  

Folinic Acid
N-acetyl cysteine

• 1 approach to 100s of diseases
• No ability to judge efficacy
• Expensive
• Only able to be carried out by 

overly compulsive parents or 
patients

• Prescribers viewed as “vitamin 
pushers”

• Seldom meets therapeutic goals



Mitochondrial Therapy
New Investigation

Idebenone

Dichloroacetate

Triacetyluridine

L-Arginine, L-Citrulline

EPI-743

RP-103

RTA-408

Bendavia



• Maximal exercise ± physical, occupational or speech therapies
• endurance training
• resistance training

• Sleep Hygiene - Polysomnograms for Everyone

• Hydration and more hydration; Early IV hydration during viral illnesses

• Basic Supplements: Derived from Evidence, Experience and Costs ($ and other 
costs)

• CoEnzyme Q10 - 5-20 mg per kg per day
• B2  100-600 mg per day
• Creatine monohydrate 0.1 grams per kg per day; max 5 grams a day
• Alpha-Lipoic Acid 300 mg bid for an adult
• Folinic Acid for CSF folate-deficient patients:  5-25 mg tid
• l-arginine 0.15-0.3 gram per kg per day; 4-24 grams a day for an adult
• l-citrulline 0.1 grams per kg per day
• ? Antioxidants (Gamma-E 400 IU, C 500 mg bid, Selenium,  Zinc)

• Miralax polyethylene glycol for constipation

• Avoid Stress
• Illness, fever, starvation, sleep
• treat illness, fever, starvation and sleep disturbance



















EPI-743 has unique redox and pharmacologic properties



EPI-743 Leigh syndrome: RCT
• Akron, Baylor, Stanford, Seattle

• 36 patients, randomized to drug at 5mg/kg/day or 
15 mg/kg/day vs Placebo (1:1) x 6 months

• All patients on placebo get put on drug at 6 months 
at 15mg/kg/day, others on drug continue at their 
dose

• Primary Outcome Measures: Newcastle Pediatric 
Mitochondrial Disease Scale (NPMDS) Sections 1-
3 



Outcome Measures
• NPMDS (Scales I-3)

• Change from baseline to 6 
months will be compared 
between subjects in active 
and placebo treatments

• Secondary Outcome
• Neuromuscular Function 

• Gross Motor Function Measure

• Barry Albright Dystonia

• Respiratory Function
• Need for tracheostomy

• Disease Morbidity
• Total # of  hospitalizations

• Glutathione cycle biomarkers
• Blood levels compared between 

active and placebo groups

• # of  AEs

• Mortality



Open-Label, Dose-Escalating Study to 
Assess Safety, Tolerability, Efficacy, PK and 

PD of RP103 in Children With Inherited 
Mitochondrial Disease (RP103-MITO-001)



Mitochondrial 
Myopathy  Trials

Bendavia – Stealth Biotherapeutics
RT-408 – Reata 





lipid component
– no cholesterol

– high concentration of cardiolipin
• 20% of total lipid in IMM

• 4 fatty acid tails-double phospholipid

• stabilizes the proteins of the IMM









Reperfusion Injury after Renal Revascularization

Eirin A et al. Hypertension. 2012;60:1242-1249



Streptozotosin



Design:  
3 cohorts of 12 patients (genetically confirmed, mitochondrial myopathy) 
each, 9 of 12 get drug, 3 of 12 get placebo, given IV over 5 consecutive 
days, each successive cohort gets ascending doses.  Dose 0.01, 0.1, 0.25 
mg/kg/hr x 2 hrs x 5 doses.  

Primary: 
Safety and Tolerability of ascending doses

Secondary: 
-6 minute walk test
-cardiopulmonary exercise testing (CPET)
-PK
-PD

Exploratory: 
plasma, blood and urine biomarkers and other functional measurements



RTA-408

Animals, plants and fungi all create triterpenes, with arguable the most important 
example being squalene as it which forms the basis of almost all steroids





RTA-408
• Potent Activator of  Nrf2 and inhibitor of  NF κB (nuclear factor kappa-

light-chain enhancer of  activated B cells)

• Increases mitochondrial respiration

• Increases mitochondrial biogenesis

• Increases antioxidant capacity



A Phase 2 Study of  the Safety, Efficacy, and 
Pharmacodynamics of  RTA 408 in the 
Treatment of  Mitochondrial Myopathy 

(MOTOR)

• Inclusion Criteria

• Mitochondrial myopathy

• Ages 18-75

• No changes in exercise, have the ability to complete maximal 
exercise testing but a peak workload of  < 1.5 Watt/k

• Exclusion 

• Uncontrolled diabetes, significant heart disease, abnormal basic 
labs and not be on a list of  several dozen drugs that activate the 
P450 2C8 or 3A4 system



A Phase 2 Study of  the Safety, Efficacy, and 
Pharmacodynamics of  RTA 408 in the Treatment 

of  Mitochondrial Myopathy (MOTOR)
• USA

• UCLA
• Mass General Boston
• Akron Children’s
• Children’s Hospital of  Philadelphia
• University of  Pittsburgh
• Baylor (Houston)
• Institute for Exercise and Environmental Medicine (Dallas)
• University of  Texas (Houston)

• Denmark-University of  Copenhagen

• 12 week study



Outcome Measures
• Primary

• Measure the change of  peak workload (in 
watts/kg) during exercise testing

• Secondary 
• Measure the change in distance walked during 

a 6-minute walk test




