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Performative technology 
Direct disruption of medical techniques / 
intervention Opportunities 
Ex: Micro Surgery – drugs – targeted therapies 

Phenotyping technology
Disruption of medical practice by 
emerging opportunity to see, 
measure 
Ex: Stethoscope, MRI

Tomorrow’s Medicine 

Buzz Words
[3-4-6]P Medicine,

Predictive Medicine, Personalized Medicine  
3R Medicine,  6V Medicine, 

Precision Medicine 
Digital/ Numeric/ IT Technology
Application to Health of generic IT 
technology
Disruptive practice – no fundamental 
change. 
« Altius Citus Foritus » + Healthism 
Ex: On-line Drug catalog

Generic Health Condition Specific 

Cognitive technology
Disruption of explanatory model  -
understanding differently 
Ex: Systems biology – network based drugs design 
– HMM - SEM

Big Data Technology
Application to Health of generic IT 
technology
Disruptive practice – infusive change of 
paradigm – “re-evolution”
Ex: Simulation vs Models  
- Machine Learning

Population-based approach of 
health 

(Public Health)
Vs. 

Pseudo-singular approach of 
clinical medicine

“Les prévisions sont difficiles, surtout lorsqu’elles concernent l’avenir. ” P Dac
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Intro: Genetics and population as one of the 
precision medicine « layers »

• The challenge of layers
o Transdisciplinary issue adopting other point of views 
o Polysemy of Precision medicine  (Genetically informed medicine) 

– Reductionism  ? 

• Allogeneic HSCT : Genetics of finding a donor – International health organization
o Not a precision medicine anymore haploidentical HSCT ( P Chevalier) 

• Plan 
HSCT : From Immunogenetics in population to individual decision
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Un peu biologie :
les Gènes “HLA”

• La “carte d’identité” génétique 
pour les greffes
o 1‰ of the genome
o 1% of the genes
o Highest polymorphism
o Highest linkage disequilibrium

• Fonction Immunitaire
o Human Leukocyte Antigen Genes

– HLA genes
– Self identity
– Self and foreign antigen presenting

HLA Class I
Gene A B C
Alleles 2,946 3,693 2,466

Proteins 2,077 2,741 1,739
Nulls 138 122 74

HLA Class II
Gene DRB1 DQB1
Alleles 1,582 712

Proteins 1,165 473
Nulls 36 17
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Un peu de probabilités combinatoires
A vous de jouer ! 
• Quelle est la diversité HLA théoriquement possible avec ces 5 gènes ? 

HLA Class I HLA Class II

Gene A B C Gene DRB1 DQB1

Alleles 2,946 3,693 2,466 Alleles 1,582 712
Nombre de 

paires ? ? ? Nombre de 
paires ? ?

# Profils
Class II ? # Profils

Class II ?

# Profils I 
& II

?
?
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Réponses

• Question: Est ce que ca représente bien la réalité ?  
Du rôle de la modélisation mathématique en Science du vivant … 

Gene A B C Gene DRB1 DQB1
Alleles 2,946 3,693 2,466 Alleles 1,582 712

4,340,931 6,820,971 3,041,811 1,252,153 253,828
4.3E+06 6.8E+06 3.0E+06 1.3E+06 2.5E+05

# Profils     
I & II

28,625,839,903,171,300,000,000,000,000,000
2.9E+31

Presque trois cent mille milliards de millards de milliards 

HLA Class I HLA Class II

Nombre 
de paires

Nombre 
de paires

# Profils 
Class II

90,066,090,529,607,400,000 # Profils 
Class II

317,831,491,684
9.0E+19 3.2E+11
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Part 1: Individual decision
making with (genetic) data 
(computations) in HSCT
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HLA phenotypes of candidates for HSCT: comparing
transplanted versus non-transplanted candidates, resulting in 
the predictive estimation of the probability to find a 10/10 HLA 
matched donor

• P. A. Gourraud1, M. L. Balere1, C. Faucher 1, P. Loiseau2, A. 
Dormoy3, E. Marry1 & F. Garnier1

• 1 Agence de la Biomedecine, Registre France Greffe de Moelle, Paris, France

• 2 Laboratoire d’Histocompatibilit e et d’immunologie, Hopital Saint Louis, Paris, France

• 3 Laboratoire d’Immunog´en´ etique, Etablissement Franc¸ais de Sang Bourgogne-
Franche-Comt ´ e, Besanc¸on, France

• Member of European Group For Blood and Marrow Transplantation (EBMT) 

On behalf of RFGM with the participating centers 

Tissue Antigens, 2014, 83, 17–26
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Introduction: from  research analysis
BACKGROUND
• Only 30% of patients  in need for allogeneic HSCT have a Fully-HLA matched Family 

donor. 
• Various levels of HLA polymorphism could argue For Further difficulty For those 

recipients to Find a unrelated compatible donor.
• Demand From Transplantation Physicians to better understand the HLA determinant  

o RFGM “transplantation strategies” working group

OBJECTIVE: 
• A retrospective comparison of HLA characteristics 

o HLA of the patients who did Find a 10/10 high resolution HLA matched donor. 
o Vs. HLA of the patients did not Find one.
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Central concept of the Methods
measuring HLA rareness of phenotype: Predictive metric

• Depend  on a “mathematical model” and  population genetics “parameters”
• Variation in model and Parameters span a large array of HLA Features 

potentially involved in the lack of HLA-matched donors
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Comparative design “case” vs. “controls”
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False Positive Rate (1-Specificity)
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 Areas Under ROC Curves

 AUC(HLA-A,B,DR):      0.82 [0.80,0.84]
 AUC(HLA-A,B,C,DR):    0.90 [0.86,0.89]
 AUC(HLA-A,B,C,DR,DQ): 0.87 [0.89,0.91]

Cut-off MRSR= 1e+6
SE= 80% (P (MRSR<1e+6 /Transplanted Patients) )

SP= 83% (P (MRSR>1e+6 / NON-Transplanted Patients) 
)

Predict of transplanted and non transplanted 
patients 

• Prospective use of 
the tool of the 
retrospective
Population Genetics 
Analysis
o With HLA-C 

– AUC ~ 0.90
– 85%  good
classification rate
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Part 2 : From research to 
tools
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Easymatch

• Leveraging haplotype frequencies Frequencies of plausible HLA
phenotypes in potential donors of various ancestries

Fréquences d'haplotypes HLA

Fréquences de paires
d'haplotypes HLA Fréquences de

Phenotypes HLA

1

2

3
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The Easymatch Application

Encrypted Web-Application “On Premise”
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The Easymatch Application

Patient oriented 
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The Easymatch Application

Parameters of the searches
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The Easymatch Application

Evaluation of  phenotypes and frequencies  in potential  donors
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Easymatch

• Easymatch evaluates the most likely phenotypes and frequencies of donors
matching the patient’s phenotype before getting results of confirmatory and
additional typing.
o Tools to select the minimal level of confirmatory and additional typing needed
o Adopt patient centric approach + deployed in over 30 centers

• Training is needed and may be hosted by RFGM – On-line Assistance
o Over 5,000 uses
o Service could be open to any registry in the world

• Validation
o Reduction time to decision (50%)
o $$ Saving on unnecessary confirmatory typing / blood samples
o User – reported
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Easymatch in Use 

• Applicatin in secure Registry IT
• Publication by users 

o Dubois et al. 2016 HIM

• Web accessible “Easy-HLA” 
• Research-use only – to recommend typing strategies 
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Algorithme de recommandation de
prescription de typage(s) à effectuer

Il est préf́erable de faire :
• un typage 2D plutôt qu’un typage 4D
• un typage sur 1 locus plutôt que

plusieurs

Basé sur la formule du Chi2 d’ajustement
qui permet la mesure globale de l’écart
entre des données observ́ees et des données
théoriques.(à minimiser)

Easy-HLA
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• Algorithme réalisé avec R, optimiséet intégŕe dans
le site EasyMatch International.

• Création d’une base de données : compośe d’haplotypes
HLA représentatif de la population mondiale et leur
vraisemblance dans la population.

• Mise en place du serveur et mise en ligne du site.
• Développement de 2 nouveaux outils

baśes sur les fréquences haplotypiques des
HLAs(HLA-2Haplo & HLA-upgrade).

- Site web fonctionnel
HLA.univ-nantes.fr

Recommandation d’obtention d’informations
en médecine personnalisée
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From research to tools and back to clinic
• Precision medicine - Starting point is a single Patient
• Patient of interest ( POI ) ; n= 1 
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Tools need validations… 

• Method:
o To validate prediction in various

ethnic background
o Accordine multiple 

• Results : 
• Ancestral background matters
• Variable by  locus 
• At genotype level.
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It is all about weights … 

• HLA-A~B~C~DRB1~DQB1 high-resolution 
genotypes were predicted from different gene 
combinations of first-field genotypes: HLA-
A~B~DRB1, HLA-A~B~C~DRB1 , HLA-
A~B~C~DRB1~DQB1. 

• Calculation of accuracy using weighting by 
multiplying post-probability by genotype 
frequencies (dark blue). Original accuracy 
considers all genotypes as equal and is 
calculated as: correctly predicted genotypes / 
predicted genotypes. 

• Weighted accuracy considers genotypes 
frequencies in the equation and is calculated 
as: sum of the frequencies of correctly 
predicted genotypes / sum of the frequencies 
of predicted genotypes..

Figure S5 – Comparison of HLA-Upgrade accuracy prediction with and without weighting 
in the European population (post-probability threshold set at 0%).
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Conclusion 

• Precision Medicine: is bridging the gap between population complexity and
individual decision making using Statistical models and IT tools

• Illustration HSCT
o quantitative assessment of Rare / frequent types
o Research in pop prediction in individuals tool secured expert usage open

access

• Data + Mathematical modelling + decision
• Defer decision to algorithm or substantiate decision making with data ?
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