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Overview

1)     What are mitochondria and why are they so crucial
2)    Management

- general
- pharmacological- vitamins and supplements 
- medications precautions
- emerging therapies, clinical trials



What are mitochondria and what do they do ?



The vicious cycle of mitochondrial dysfunction

Current Molecular Medicine 2009, 9, 1095-1107



Clinical Features

Any symptom
Any organ
Any age
Any form of inheritance

Clinical MedicineVol 8 No 6 December 2008



How common are mitochondrial diseases?

• At least 1 in 200 individuals in the general public have a 
mitochondrial DNA mutation that may lead to disease

• At least 1 in 5,000 will develop serious illness



• Average number of doctors consulted
was 8.19 (SD = 8.0, median = 5).

• Majority of the participants (54.6%)
received 1 or more nonmitochondrial
diagnoses before their final diagnosis.

• Invasive muscle biopsies were
performed in 71% of participants.

Diagnostic odyssey



Management



Therapeutic goals

• Optimising energy production
- adequate nutrition, appropriate sleep, promoting activity 

and optimising muscle strength
• Reduce energy losses 

- preventing infections, avoiding excessive physical exercise or 
emotional anxiety, maintaining  suitable ambient temperatures

• Avoidance of toxins
• Alleviating symptoms
• Educational needs
• Monitoring complications

Case 2



Supportive therapies remain the mainstay

J Inherit Metab Dis (2015) 38:641–653



Pharmacological Therapy



Challenges in the treatment of
mitochondrial diseases

• Difficulties in designing and implementing clinical trials
- genetic and phenotypic heterogeneity
- lack of natural history data of clinical progression from onset to end-stage
- lack of accessible population
- lack of clinically relevant, universally agreed, validated outcome measures
- difficulties in delivering therapeutic molecules to mitochondria 

due to relative inaccessibility of the mitochondrion



Landscape of Clinical Trials for 
Mitochondrial Diseases

Trends in Molecular Medicine, January 2020, Vol. 26, No. 1



Clinical trials registered at ClinicalTrials.gov 
up until 10/08/2020

Molecular Diagnosis & Therapy (2021) 25:181–206



Pharmacological Treatment
Supplement Pediatric dose Adult dose
CoQ10 as ubiquinol (preferred) 2–8 mg/kg po daily divided in 

two doses
50–600 mg po daily

CoQ10 as ubiquinone 10–30 mg/kg po daily divided in 
2 doses

300–2400 mg po daily divided 2–3 
times a day

Riboflavin (B2) 50–400 mg po daily 50–400 mg po daily 
L-Creatine 0.1 g/kg po daily; maximum 10 

g/d
5 g po daily, given 1–2 times per day

L-Arginine Acute stroke: 500 mg/kg IV per 
day for 1–3 days

500 mg/kg IV per day for 1–3 days

Maintenance: 150–300 mg/kg 
po or IV daily divided 2–3 times 
a day

150–300 mg/kg po or IV daily 
divided 2–3 times a day

L-Carnitine 10–100 mg/kg per day IV or po 
divided 3 times a day 

100–1000 mg per dose, given IV or 
po 2–3 times a day

B50 or B100 (B vitamin 
complexes)

1 tab po given 1–2 times a day 1 tab po given 1–2 times a day

Vitamin E 1–2 IU/kg po daily 100–200 IU po daily 
Vitamin C 5 mg/kg po daily 50–200 mg po daily 
Alpha-lipoic acid 50–200 mg/d 50–200 mg/d 
Folinic acid as leucovorin 
containing both D and L 
isomers

0.5–1.5 mg/kg po daily, given 1–
2 times per day

2.5–25 mg po daily given 1–2 times 
per day

Curr Treat Options Neurol. 2009 November ; 11(6): 414–430



Translational pipeline

J Inherit Metab Dis. 2021; 44:22–41.



Progress in clinical trial 
development for 
mitochondrial disorders

J Inherit Metab Dis. 2021;44:22–41.



Mechanisms of action of emerging therapies

J Inherit Metab Dis. 2021;44:22–41.



Protecting Mitochondria from Damage

Coenzyme Q analogue
• Idebenone (Raxone) –Santhera Pharmaceuticals 
• Idebenone is a synthetic compound similar to the naturally 

occurring CoEnzyme Q10
• More water-soluble than CoEnzyme Q10 and may cross into 

the brain more easily.
• Idebenone is an antioxidant and an electron carrier which 

by-passes complex I.



Idebenone in LHON

• Only disease-specific therapy approved to treat visual 
impairment in adolescents and adults with LHON

• Treatment approval in LHON was based on overall data 
from a randomized clinical trial (RHODOS), a follow-up 
study (RHODOS-OFU) and real-world data

• Antioxidant that stimulates mitochondrial electron 
transport, thereby re-activating retinal ganglion cells

• Prevents further vision loss and promotes visual recovery in 
patients with LHON

• Early therapy provides the best therapeutic effect.
• Very well tolerated



Other indications of Idebenone

• Mild improvement of neurological phenotype in Friedreich ataxia.

• A clinical trial in MELAS (NCT00887562) has been completed,
with a primary outcome measure of mean change in cerebral lactate
concentration measured by magnetic resonance spectroscopy
(MRS), but the results have not been published.



Coenzyme Q analogues
• EPI-743- (also known as Vincerinone), CoQ10 analogue, claimed to 

have 1000 to 10 000-fold greater potency than both CoQ10 and 
idebenone

• A 2012 phase 2A open-label for children with Leigh syndrome (n = 10)
demonstrated a statistically significant objective neurological
improvement in the Newcastle Paediatric Mitochondrial Disease Scale    
(NPMDS), with no significant drug-related adverse events. 

• EPI- 743 has been used in randomized, double-blind, placebo 
controlled clinical trials in children with Leigh syndrome 
(NCT01721733 and NCT02352896).



EPI-743 is now….PTC743



Sonlicromanol (KH-176)

• Phase II a study -in 18 adults with the m.3243A > G MT-TL1 
mutation showed that the drug was well-tolerated 

• Although no significant improvement in gait parameters or other 
outcome measures was obtained, a positive effect on alertness and 
mood was detected. -A phase IIb study of Sonlicromanol in adult 
m.3243A > G disease is currently recruiting (KHENERGYZE, 
NCT04165239).



Elamipretide



Stimulating mitochondrial biogenesis

a) Bezafibrate
• An open-label observational study of bezafibrate in six patients with

mitochondrial myopathy caused by the m.3243A>G mutation showed
improvement in cytochrome c oxidase (COX)-deficient muscle fibres
and cardiac function, with no clinically significant adverse events.

• However, this improvement was accompanied by an increase in serum 
biomarkers (GDF15 and FGF21, and fatty acid and amino acid 
metabolism was altered raising concerns about long-term treatment 
effects in patients.



b) Resveratrol

• Resveratrol is an antioxidant and stimulates mitochondrial biogenesis.
• A double-blind, randomised, placebo-controlled, cross-over study of

resveratrol supplementation in patients with mitochondrial myopathies
and skeletal muscle fatty acid oxidation disorders (NCT03728777) has been
completed recently but the results have not been reported yet.

Pharmacol Rev. 2012;64(1):



c) Omaveloxolone



d) REN001

https://reneopharma.com/programs/



e) NAD modulators- KL1333

https://www.edisongroup.com/publication/kl1333-ready-for-pivotal-phase-ii-iii-trial/29550/



KL1333’s beneficial role in energy metabolism

https://www.edisongroup.com/publication/kl1333-ready-for-pivotal-phase-ii-iii-trial/29550/



Restoring mtDNA homeostasis
• a) Nucleoside supplementation



b) Enzyme replacement therapy
• Mitochondrial Neuro Gastrointestinal Encephalomyopathy (MNGIE) 
• Mutations in the nuclear gene TYMP – encodes for the enzyme thymidine 

phosphorylase
• Characterized clinically by:

1)ptosis and ophthalmoplegia
2)gastrointestinal dysmotility
3)cachexia
4)peripheral neuropathy, 
5)leukoencephalopathy, 
6)mitochondrial abnormalities 





Erythrocyte encapsulated thymidine 
phosphorylase

https://www.entradatx.com/platform#eev



Gene therapy for nuclear genes

Journal of Internal Medicine, 2020, 287; 665–684

AAV serotypes used in mouse models of mitochondrial diseases



Lumevoq Gene Therapy in LHON

https://www.soundhealthandlastingwealth.com/health-news/astonishing-drug-restores-
sight-of-blind-rugby-player/



Medications to Avoid
Medication Symptoms
Valproic acid Hepatopathy; infrequently direct 

encephalopathy
Antiretrovirals Peripheral neuropathy, liver dysfunction, 

myopathy
Statins Myopathy 
Aminoglycoside antibiotics Hearing loss, cardiac toxicity, renal toxicity

Aminoglycoside and platinum 
chemotherapeutics 

Hearing loss, cardiac toxicity, renal toxicity

Acetaminophen Hepatopathy 
Metformin Lactic acidosis 
Beta-blockers Reduced exercise tolerance 
Steroids Reports of deterioration in Kearns-Sayre 

syndrome



During illness or surgery/anaesthesia 

• Avoid prolonged fasting
• Intravenous fluids  +/- intralipid
• Avoid toxic medications 
• Correct metabolic derangements
• Treat intercurrent illness
• Recovery may be protracted



Summary

• Broad clinical spectrum- any symptom,  any organ,  any period of life
• Establishing diagnosis-complex, genetic testing costly
• Prognostication difficult
• Complex genetics makes genetic counselling extremely challenging
• Treatment options remain unsatisfactory currently-treatable disorders –

must not be missed
• Supportive therapies may be life-saving/preserving
• Despite many barriers, numerous innovative treatments are being developed
• Time for cautious optimism?



Thank You 
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