
To clump or to split?That is the question.



Cases
 8 mo female with jaundice and liver failure
 3 yo male with developmental regression and seizures
 15 yo female with migraines,severe constipation,fainting
 24 yo male with speech and balance problems
 30 yo female with enlarged heart and strokes
 55 yo male with weakness,muscle pain,hearing loss
 71 yo female with dementia,diabetes, jerking limbs



The Challenge !

Available 
sample 

size

Heterogeneity 
Variability

Clump Patients?
- Target all mitochondrial diseases
- Target a clinical phenotype

 a specific symptom
 a specific organ
 a specific syndrome

- …..

Split Patients?
- Target a specific genotype
- Target a specific cellular pathway
- Target a specific biochemical defect
- Target a specific age group
- ….



The Challenge !

Clump Patients?

-Target all mitochondrial diseases (Master protocol)

What is a mitochondrial disease?

 Primary mitochondrial disease
 Secondary mitochondrial dysfunction



• Affect all ages from birth to late-adulthood
• Range from monosymptomatic to multi-systemic diseases
• Hundreds of presentations

Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:



The Challenge !

Clump Patients?

-Target all mitochondrial diseases (Master protocol)

 small numbers of patients with any given MD might 
preclude meaningful subgroup analyses

differences in outcomes between patients with 
different MD types could be missed



The Challenge !

Clump Patients?

- Target all mitochondrial diseases
- Target a clinical phenotype



The Challenge !

Clump Patients?

- Target all mitochondrial diseases
- Target a clinical phenotype

 a specific symptom



Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:

Vafai and Mootha, Nature 2012



The Challenge !

Clump Patients?

- Target all mitochondrial diseases
- Target a clinical phenotype

 a specific symptom
 a specific organ



Essays Biochem. 2018;62(3):321–340. Published 2018 Jul 20.

The different phenotypes



The Challenge !

Clump Patients?

- Target all mitochondrial diseases
- Target a clinical phenotype

 a specific symptom
 a specific organ
 a specific syndrome



The different phenotypes

The depletion syndrome



NEJM 2010. 354(10):1096-7

KSS 
MERRF 
MELAS

NARP 
LHON

Leigh
CPEO

The different phenotypes



Journal of Neurology 2013 (261):504-510

The different phenotypes



The Challenge !

Split Patients?

-Target a specific genotype



• Caused by mutations in nDNA,mtDNA or both

Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:



nDNA (~350 genes)

The Journal of Biological Chemistry 294, 5386-5395.

Complicated genotypes



https://tools.niehs.nih.gov/polg/

Gorman et al. Nature reviews primers 2016

Complicated genotypes



mtDNA (16 569 bp and contains 37 genes)

Point mutations Deletions/Duplications Depletion

http://timechallengernews.com

Complicated genotypes

http://timechallengernews.com/


https://www.chop.edu/news

Complicated genotypes

http://www.chop.edu/news


Mitochondrial DNA
 Heteroplasmy
 Random mitotic segregation
 Threshold expression

jcb.rupress.org

Complicated genotypes



Importance of tissue heteroplasmy: 
m.T8993G mutant load

Complicated genotypes



Complicated genotypes

J Med Genet -2012-101172



The Challenge !

Split Patients?

- Target a specific genotype
- Target a specific cellular pathway



Essays In BiochemistryMay 25, 2012,5223-35;

Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:



Science, VOL 349 ISSUE 6255

Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:
Mitochondrial maintenance and translation



Antioxidants & redox signaling. 22. 10.1089/ars.2014.6200.

Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:
Mitochondrial dynamic



N Engl J Med 2012; 366:1132-1141

Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:
Mitochondrial protein localization



Int. J. Mol. Sci. 2015, 16(8), 18054-18076

Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:



The Challenge !

Split Patients?

- Target a specific genotype
- Target a specific cellular pathway
- Target a specific biochemical defect



Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:

Metabolites 2014, 4(3), 831-878



Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:

Immunology 2016 DOI:10.1002/0471142735.im0316bs113

•The Journal of pathology 2017 DOI:10.1002/path.4809



Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:

Immunology 2016 DOI:10.1002/0471142735.im0316bs113

•The Journal of pathology 2017 DOI:10.1002/path.4809

Essays In BiochemistryJul 06, 2018,62(3)443-454



Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:

Immunology 2016 DOI:10.1002/0471142735.im0316bs113

•The Journal of pathology 2017 DOI:10.1002/path.4809

Neurology 2016 DOI:10.1212/wnl.0000000000002705



The Challenge !

Split Patients?

- Target a specific genotype
- Target a specific cellular pathway
- Target a specific biochemical defect
- Target a specific age group
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Adults (n = 390) Children (n = 220)

SIMD/NAMA :Courtesy of Dr A Lombes Hopital La SalpétrièreUniversité Paris VI

Mitochondrial disorders are one of the most 
complex and heterogeneous group of diseases:



Episodic,progressive Phenotype

T I M E

O B S E R V A B L E
D Y S F U N C T I O N

n o r m a l

a g in gm i l d

m o d e ra t e
s e v e reOrgan 

Failure

Stress

Birth Death

Other considerations



 Considerable heterogeneity
 No clear genotype-phenotype correlations

 Is there consensus among clinical experts?
 Uncertainties about the correct diagnosis in non-expert settings
 Is there diagnostic consistency across centers?

 Clumping vs. splitting?

The Challenge !



How to select the right trial patient population?

One size does not fit all

 Stable or highly variable condition?
 Life limiting or symptom control?
 Short or long-term endpoints?



How to select the right trial patient population?

One size does not fit all

Selection will need to be tailored by:

 Drug mechanism of action
 Therapeutic effects
 Off target effects
 Outcome measure
 Availability of natural history data
 Trial design
 Patient input

How to adequately power studies
Overcome recruitment problems



Thank you

akaraa@mgh.Harvard.edu

mailto:akaraa@mgh.Harvard.edu
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