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https://kindcare.ae/natural-healing/mitochondria

Mito
complicated health problems

• Diagnose
• Treat



Ann Neurol 2000, 2007, 2015

Affected: 1 in 8,012
(mtDNA: 1 in 10,417)  

Mito
…..is rare



Treatments for 
mito in 2011

?



Treating mito
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Idebenone

Placebo

Idebenone
900mg/d

NO TREATMENT

Idebenone

Brain 2012
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EU approval Post-Authorization Measures (PAMs)

2020-2024

LEROS

n=214
Open-label study in 
patients with ≤ 5 
years 
disease duration

PAROS

Post-authorization 
safety study 

Klopstock T et al. Brain  2011;134:2677-86;    Carelli V et al. Brain 2011;134:e188;    Catarino C et al. J Neuro-Ophthalmol. 2020; 40:558-65;    Yu-Wai-Man P et al. Cell Rep Med 2024; 5:101437.   
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RESCUE and REVERSE

Treating mito
Leber hereditary optic neuropathy (LHON)



The shaded areas represent the 95% confidence interval for the mean BCVA. 
* Statistically significant difference between mean visual acuity of treated and untreated eyes at Months 18, 24, 36 and 48, 
as illustrated by the non-overlapping confidence intervals.
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Δ = -0.33 LogMAR or +16.5 ETDRS Letters 
Equivalent (p < 0.01)

* *
*

*

Treated: All patients 
in RESCUE, 
REVERSE and 
RESTORE 
(n = 152 eyes)

Untreated: 
REALITY + 10 
Natural History 
Studies 
(n = 408 eyes)

On-chart eyes at last 
available observation

Treated 80.3%

Untreated 44.4%

All Treated Patients v/s Natural History Patients

Time since onset of vision loss 
(months)
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GS010 – Development Pipeline

2011

2012

2013

2014

2015-2016

2017-2018

2019

Strong proof 
of concept in 

animal

In-vitro 
validation in 

LHON patient 
cells

No signs of 
toxicity in 
primates

Phase I/II Safety 
and Tolerability 

Study
REVEAL

Phase III Efficacity 
Studies
RESCUE

 REVERSE

LHON Registry 
Study

REALITY

Patient’s skin fibroblasts

No systemic or local toxicity signs 
at 6 months 

2020

2021

LHON Registry 
Study

REALITY

Phase III Efficacity 
Studies
RESCUE

 REVERSE

Phase III Bilateral 
Efficacy Study

REFLECT

Long-term 
follow-up of 
RESCUE and 

REVERSE
RESTORE

Phase III Bilateral 
Efficacy Study

REFLECT

Long-term 
follow-up of 
RESCUE and 

REVERSE
RESTORE

Phase III Bilateral 
Efficacy Study

REFLECT

Long-term 
follow-up of 
RESCUE and 

REVERSE
RESTORE

Phase III Bilateral 
Efficacy Study

REFLECT

Phase III Bilateral 
Efficacy Study

REFLECT

2022

Long-term 
follow-up of 
RESCUE and 

REVERSE
RESTORE

Phase III Bilateral 
Efficacy Study

REFLECT

REVEAL - PHASE I/II - 5 YEARS FOLLOW-UP 

RESCUE & REVERSE - PHASE III – 2 YEARS FOLLOW-UP

RESTORE – LONG TERM FOLLOW-UP STUDY OF REVERSE and RESCUE – 3 YEARS FOLLOW-UP

REFLECT – PHASE III – 5 YEARS FOLLOW-UP

REALITY – NATURAL HISTORY STUDY
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Lessons learned from LHON

• Collaboration: not just researchers and pharma 
companies

• Building groups – international 
• Understand how mito changes with time
• Clear way to measure effect of treatment 

(biomarker)
• We need more than one treatment to test
• We need to be patient
• This costs $$$



Small molecules
Mitochondrial redox modulators
Coenzyme Q10
Idebenone
Vatiquinone
Sonlicromanol

Induction of mitochondrial biogenesis
NAD+ boosters (Nicotinamide, 
Nicotinamide Riboside, niacin, 
acipimox, KL1333, tryptophan)
Bezafibrate
Omaveloxolone
REN001
Bocidelpar/ASP0367

Mitochondrial membrane stabilizer
Elamipretide

Nuclear gene therapy
Replacing deficient enzymes using 
AAV eg MNGIE

Autologous mesangioblasts
Phase 1 trial in m.3243A>G

Allotopic expression
Phase 3 trials in LHON, preclinical for 
other disorders

Shifting mtDNA heteroplasmy
correction with cytosine base editor
cut mutant mtDNA with endonucleases
(mtZNFs, mtTALENs, mitoARCUS)
preclinical research for mtDNA disorders

Gene modifying treatments 

Nucleoside supplementation
deoxynucleosides for thymidine kinase 
2 deficiency and other mitochondrial 
depletion syndromes 

Enzyme replacement
erythyrocyte encapsulated thymidine 
phosphorylase in MNGIE

Other approaches

Treating mito 
What’s on the horizon

ClinicalTrials.gov  27 trials recruiting

http://clinicaltrials.gov/


NCT Number Title Phase
Gene Therapies

NCT04912843 Gene Therapy Clinical Trial for the Treatment Of Leber's Hereditary Optic Neuropathy 2/3

NCT03293524
Efficacy & Safety Study of Bilateral IVT Injection of GS010 in LHON Subjects Due to the ND4 Mutation 
for up to 1 Year 3

NCT02161380
Safety Study of an Adeno-associated Virus Vector for Gene Therapy of Leber's Hereditary Optic 
Neuropathy 1

NCT03153293
A Single Intravitreal Injection of rAAV2-ND4 for the Treatment of Leber's Hereditary Optic 
Neuropathy 2/3

Small molecules
NCT03952234 L-Citrulline Dose Finding Safety Study in MELAS 1

NCT05241262
Study of N-acetylcysteine in the Treatment of Patients With the m.3243A>G Mutation and Low Brain 
Glutathione Levels 1

NCT03351998
Impact of Statin Therapy on Muscle Mitochondrial Function and Aerobic Capacity (Atorvastatin 20mg 
or 80mg od) 4

NCT04604548 The KHENEREXT Study (KH176) 2
NCT04846036 The KHENERGYC Study (KH176) 2

NCT05162768
Study to Evaluate Efficacy and Safety of Elamipretide in Subjects With Primary Mitochondrial Disease 
From Nuclear DNA Mutations (nPMD) 3

NCT05267574
An Open Label, Long Term Safety Study of REN001 in Primary Mitochondrial Myopathy Patients 
(Stride Ahead) 2/3

NCT04535609
A Study of the Efficacy and Safety of 24 Week Treatment WithREN001 in Patients With Primary 
Mitochondrial Myopathy 2

NCT04641962 A Study to Evaluate ASP0367 in Participants With Primary Mitochondrial Myopathy 2/3
NCT05650229 Efficacy of KL1333 in Adult Patients With Primary Mitochondrial Disease 2
NCT02616484 Trial of Dichloroacetate in Pyruvate Dehydrogenase Complex Deficiency: 2/3
NCT01370447 EPI-743 for Mitochondrial Respiratory Chain Diseases 2

NCT02352896 Long-Term Safety and Efficacy Evaluation of EPI-743 in Children With Leigh Syndrome 2

NCT04802707 Deoxynucleosides Pyrimidines as Treatment for Mitochondrial Depletion Syndrome 2

NCT03845712
An Open-Label Study of Continuation Treatment With CombinationPyrimidine Nucleosides in 
Patients With TK2 Deficiency 2

NCT05218655
A Safety Study for Previously Treated Vatiquinone (PTC743) Participants With Inherited 
Mitochondrial Disease 3

NCT04378075
A Study to Evaluate Efficacy and Safety of Vatiquinone for Treating Mitochondrial Disease in 
Participants With Refractory Epilepsy 2/3

Dietary intervention
NCT05255328 Clinical Long Term Evaluation of Glutamine Supplement in MELAS Syndrome N/A
NCT04543968 Clinical Study of Hydroxytyrosol (HT) in Mitochondrial Diseases NA
Biological therapy
NCT05063721 MABs Therapy m.3243A>G Mutation Carriers 1
Exercise

NCT05346627
Home Based Personalized Training and Video Consultation in Mitochondrial Myopathies: Study of 
Efficacy and Tolerance. NA

New treatments for mito in 2024





pfc25@cam.ac.uk
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