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Hope for mitochondrial disease

The road to new treatments for mito
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Table 1 | Treatments evaluated in patients with mitochondrial diseases

Agent Specific mechanism(s) of action Highest level of clinical study
in humans
of supply to respil 'y chain
Carnitine Fatty acid transfer for citric acid cycle ~ Case report™

intermediates

Niacin Precursor for NADH, which transfers
electrons from intermediates to the
respiratory chain

Thiamine Enhancement of pyruvate
dehydrogenase to decarboxylate
pyruvate for oxidation

Dichloroacetate Inhibition of pyruvate dehydrogenase
kinase to increase availability of
pyruvate for oxidation

of respil 'y chain p

Riboflavin Precursor for flavin adenine
dinucleotide, an electron carrier
bound to complexes | and Il

Coenzyme Q,, Electron carrier from complexes | and
Il to complex Il

Idebenone Analogue of coenzyme Q,,

EPI-743 Analogue of vitamin E

Bypass of respiratory chain components

Succinate Citric acid cycle intermediate which
donates electrons directly to
complexes | and ll, thus partially
bypassing complex |

Vitamins C and K Bypass of complex Ill
Energy buffering

Creatine ATP storage in muscles via the
creatine phosphokinase system

Antioxidant activity

Cysteine Increases muscle availability of
glutathione peroxidase

Lipoic acid B-ketoacid dehydrogenase cofactor
with antioxidant properties

Dimethylglycine Antioxidant activity

Oxidative capacity adaptations

Aerobic exercise Reversal of deconditioning and/or
training mitochondrial adaptation to improve
oxidative capacity

Resistance Myofibre regeneration and presumed
exercise training gene shifting

Nitric oxide metabolism

Arginine Substrate for nitric oxide synthase

Case report™

Case report™

Randomized, placebo-controlled crossover
trial in MELAS due to m.3243A>G
mutation (negative outcome)®*

Open-label study in complex | deficiency
(positive outcome)®

Randomized, placebo-controlled
crossover trial (negative outcome)®?

Randomized, placebo-controlled trial in
Leber hereditary optic neuropathy
(negative outcome)®

Open-label study in Leigh syndrome and
Leber hereditary optic neuropathy
(positive outcome)*#7

Case report12

Case report*?

Randomized, placebo-controlled crossover
trials in mitochondrial myopathies
(negative outcomes in two trials, positive
surrogate end points in one trial)?**5272

Randomized, placebo-controlled crossover
trial in progressive external
ophthalmoplegia (negative outcome)**

Case report®; randomized, placebo-
controlled crossover trial (with creatine
and coenzyme Q,; negative outcomes in
various mitochondrial myopathies)*®

Randomized, placebo-controlled crossover
trial in Saguenay Lac-St-Jean

cytochrome ¢ oxidase deficiency (negative
outcome)’®

Randomized, non-blinded controlled trial
in mitochondrial myopathies (positive
outcome)17,51,65,75

Open-label study (positive outcome)’®77

Open-label placebo-controlled trial in
MELAS due to m.3243A>G mutation
(positive outcome)®

MELAS, mi ial encept

lactic acidosis, and stroke-like episodes.

Treatments for
mito in 2011




Treating mito
Leber hereditary optic neuropathy (LHON)
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Treating mito
Leber hereditary optic neuropathy (LHON)
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Treating mito
Leber hereditary optic neuropathy (LHON)

"o Idebenone

EU approval Post-Authorization Measures (PAMs)

)

2005 2010 @ , 2020-2024

(

LEROS PAROS

RHODOS3 RHODOS OFU* EAP3-11 Case Record
(Observational (Expanded Access Su rveyﬁ

n=85 Follow-up) Program)

Six month, double-blind,

placebo-controlled RCT n=58 n=111

of Raxone in LHON Observational follow-up Real-world patient

patients aged 14-64 study of patients from access program in 10

years RHODOS frial countries and 38
centers

n=214

Open-label study in Post-authorization
patients with < 5 safety study
years

disease duration

n=383

LHON natural history
study with a large
proportion of untreated
patients

Klopstock T et al. Brain 2011;134:2677-86; CarelliV 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.



Treating mito
Leber hereditary optic neuropathy (LHON)

RESCUE and REVERSE

Science
Translational
Medicine

lGENE THERAPY l

Bilateral visual improvement with unilateral gene
therapy injection for Leber hereditary optic neuropathy

Patrick Yu-Wai-Man %34, Nancy J. Newman®, Valerio Carelli®’, Mark L. Moster®,

Valerie Biousse®, Alfredo A. Sadun®, Thomas Klopstockw'”'u, Catherine Vignal—(lermont”‘m,
Robert C. Sergott“, Giinther Rudolph'®, Chiara La Morgias’?, Rustum Karanjiag'm, Magali Taiel "/, EV E RS E
Laure Blouin”, Pierre Burguiére”, Gerard Smits'®, Caroline Chevalier", Harvey Masonsonm,

Yordak Salermo'®, Barrett Katz'®, Serge Picaud'®, David J. Calkins’, José-Alain Sahel'*'%2"22x 6-12 MONTHS

Sci. Transl. Med. 12, eaaz7423 (2020) 9 December 2020

l'Efﬁcacy and Safety of Intravitreal Gene Therapy for Leber ]
Hereditary Optic Neuropathy Treated within 6 Months of

Disease Onset

Nancy J. Newman, MD," Patrick Yu-Wai-Man, MD, PhD,***? Valerio Carelli, MD, PhD,*”

Mark L. Moster, MD,? Valerie Biousse, MD,' Catherine Vignal-Clermont, MD,”'° Robert C. Sergott, MD,?
Thomas Klopstock, MD,"""'*'3 Alfredo A. Sadun, MD, PhD,"* Piero Barboni, MD,® Adam A. DeBusk, MD,? E SC U E

Jean Francois Girmens, MD,'° Giinther Rudolph, MD,” Rustum Karanjia, MD,"*'° Magali Taiel, MD,"”

Laure Blouin,"” Gerard Smits,'® Barrett Katz, MD,'® José-Alain Sahel, MD, PhD,'%19:2%:21:22 for the LHON Study 0-6 MONTHS
Group™*

Ophthalmology 2021;128:649-660




Treating mito
Leber hereditary optic neuropathy (LHON)

All Treated Patients v/s Natural History Patients

Evolution of Visual Acuity

0.8

Treated: All patients

in RESCUE, ! ! ! ! On-chart eyes at last
REVERSE and | : : ! . )
RESTORE i 3 i 3 available observation
(n = 152 eyes) : | : * Treated 80.3%

1.2

Untreated 44.4%

3
<
>
& =-0.33 LogMAR or +16.5 ETDRS Letters
g uivalent (p < 0.01)
g TOn-chan
Untreated: ' ‘ - Offchart
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Natural History
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(n =408 eyes) Time since onset of vision loss
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” * = Monm;:‘)mm ViSiO:iOSS 42 ” >
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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.



- Visual function

v b

Head tackin n s (025 eycesderee)

Strong proof
of concept in

animal

optomotor test

control LHON LHON model
model 4 Aav2.2.ND4

In-vitro

validation in
LHON patient
cells

Treating mito
Leber hereditary optic neuropathy (LHON)

2021 Long-term
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GS010 — Development Pipeline -
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No signs of
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primates
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Patient’s skin fibroblasts RESCUE & REVERSE - PHASE Il — 2 YEARS FOLLOW-UP
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- - -~ - 3



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 SSS



Small molecules

Treating mito

What’s on the horizon

Other approaches

Gene modifying treatments

Mitochondrial redox modulators
Coenzyme Q10

Idebenone

Vatiquinone

Sonlicromanol

Enzyme replacement
erythyrocyte encapsulated thymidine
phosphorylase in MNGIE

Induction of mitochondrial biogenesis
NAD+ boosters (Nicotinamide,
Nicotinamide Riboside, niacin,
acipimox, KL1333, tryptophan)
Bezafibrate

Omaveloxolone

RENOO1

Bocidelpar/ASP0367

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

Mitochondrial membrane stabilizer
Elamipretide

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

ClinicalTrials.gov 27 trials recruiting



http://clinicaltrials.gov/

New treatments for mito in 2024

NCT Number I Title I Phase
Gene Therapies

NCT04912843 Gene Therapy Clinical Trial for the Treatment Of Leber's Hereditary Optic Neuropathy 2/3
Efficacy & Safety Study of Bilateral IVT Injection of GS010 in LHON Subjects Due to the ND4 Mutation
NCT03293524 for up to 1 Year 3
Safety Study of an Adeno-associated Virus Vector for Gene Therapy of Leber's Hereditary Optic
NCT02161380 Neuropathy 1
A Single Intravitreal Injection of rAAV2-ND4 for the Treatment of Leber's Hereditary Optic
NCT03153293 Neuropathy 2/3
Small molecules
NCT03952234 L-Citrulline Dose Finding Safety Study in MELAS 1
Study of N-acetylcysteine in the Treatment of Patients With the m.3243A>G Mutation and Low Brain
NCT05241262 Glutathione Levels 1
Impact of Statin Therapy on Muscle Mitochondrial Function and Aerobic Capacity (Atorvastatin 20mg
NCT03351998 or 80mg od) 4
NCT04604548 The KHENEREXT Study (KH176) 2
NCT04846036 The KHENERGYC Study (KH176) 2
Study to Evaluate Efficacy and Safety of Elamipretide in Subjects With Primary Mitochondrial Disease
NCT05162768 From Nuclear DNA Mutations (nPMD) 3
An Open Label, Long Term Safety Study of RENOO1 in Primary Mitochondrial Myopathy Patients
NCT05267574 (Stride Ahead) 2/3
A Study of the Efficacy and Safety of 24 Week Treatment WithRENOO1 in Patients With Primary
NCT04535609 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
An Open-Label Study of Continuation Treatment With CombinationPyrimidi leosides in
NCT03845712 Patients With TK2 Deficiency 2
A Safety Study for Previously Treated Vatiquinone (PTC743) Participants With Inherited
NCT05218655 Mitochondrial Disease 3
A Study to Evaluate Efficacy and Safety of Vatiquinone for Treating Mitochondrial Disease in
NCT04378075 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 I MABs Theraey m.3243A>G Mutation Carriers | 1
Exercise

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




LAC-TreatMito

building on strengths in:

» Mitochondrial disease diagnostics

+ Biomarker development

+ Patient participation

LHON
SOCIETY ', =

Expert patient input
PPIE workshops
Community
Recruitment
Across society

Cambridge

Newcastle
London %
Moorfields *%
Oxford g
Exeter E
Sheffield &

Manchester

Birmingham

¥
Diagnostics Biomarkers
Rapid WGS Brain PET/MRI
Heart 2H-MRI
Proteomics Muscle MRS

Bioinformatics

Transcriptomics and long-read WGS

Muscle MSOT

Muscle OEF

Retinal FPF

Patient-reported

Clinical Trials
Liver-targeted AAV

Nucleosides

Muscle mtDNA
gene therapy

2-deoxyglucose

Eye-targeted
gene therapy

Registries

Trial design




pfc25@cam.ac.uk
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