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“Les prévisions sont difficiles, surtout lorsqu’elles concernent I’avenir. ” P Dac

Buzz Words

c [3-4-6]P Medicine,
= Predictive Medicine, Personalized Medicine
il Digital/ Numeric/ IT Technology 3R Medicine, 6V Medicine,
-+ Precision Medicine .
g Phenotyping technology
pd Disruptive practice — no fundamental
change.
« Altius Citus Foritus » + Healthism Ex: Stethoscope, MRI

Ex: On-line Drug catalog

Performative technoloqy

Big Data Technology

Ex: Micro Surgery — drugs — targeted therapies

Disruptive practice — infusive change of
paradigm — “re-evolution” Coqgnitive technology
Ex: Simulation vs Models

- Machine Learning

Ex: Systems biology — network based drugs design
— HMM - SEM
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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 ?
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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 : T e
1 1 3 ] mmc HLA-B
(11 ) 22— 2 cLASS I -'—(T:_}]]:C;,I
les Genes “HLA g e
. oy ¢ ¢ e - x"l
 La‘“carte d’identite” genetique =
pour les greffes -
I
o 1%o of the genome -
o 1% of the genes ' :
o Highest polymorphism =
) S HLA Class |
o ° ° ass
* Fonction Immunitaire Gene A 5 c
o Human Leukocyte Antigen Genes Alleles 2,946 3,693 2,466
Proteins 2,077 2,741 1,739
— HLAgenes Nulls 138 122 74
— Self identity
. . . HLA Class Il
— Self and foreign antigen presenting Gene DRB1 DQB1
Alleles 1,582 712
PToterTs 165 AT
Nulls 36 17
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o e Vg ° °
2 Un peu de probabilités combinatoires
0 o
[ A vousdejouer!
c
o * Quelle est la diversité HLA théoriquement possible avec ces 5 genes ?
9
G
Z HLA Class | HLA Class I
Gene A B C Gene DRB1 DQB1
Alleles 2,946 3,693 2,466 Alleles 1,582 712
Nombre de > > > Nombre de > >
paires ] ] ] paires ] ]
# Profils ” # Profils N
Class i ' Class i ]
# Profils | ?
&l ?
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Réponses

HLA Class | HLA Class Il
Gene A B C Gene DRB1 DQB1
Alleles 2,946 3,693 2,466 Alleles 1,582 712
Nombre | 4,340,931|6,820,9713,041,811| Nombre | 1,252,153 | 253,828
de paires | 4.3E+06 | 6.8E+06 | 3.0E+06 |de paires| 1.3E+06 | 2.5E+05
# Profils | 90,066,090,529,607,400,000 | # Profils 317,831,491,684
Class Il 9.0E+19 Class Il 3.2E+11
, 28,625,839,903,171,300,000,000,000,000,000
# Profils
2.9E+31
&1l Presque trois cent mille milliards de millards de milliards

* Question:

Est ce que ca représente bien la réaliteé ?

Du réle de la modélisation mathématique en Science du vivant ...
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H 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
e the predictive estimation of the probability to find a 10/10 HLA

* P.A. Gourraudl, M. L. Balerel, C. Faucher 1, P. Loiseau2, A.
Dormoy3, E. Marryl & F. Garnierl
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¢ 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

Tissue Antigens, 2014, 83, 17-26 .

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

I agence dela ST
| biomédecine [’ 4_\;‘
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Introduction: from research analysis

* Various levels of HLA polymorphism could argue For Further difficulty For those
recipients to Find a unrelated compatible donor.

b

2

S BACKGROUND

= * Only 30% of patients in need for allogeneic HSCT have a Fully-HLA matched Family
:é’_; donor.

-

G

Z

« Demand From Transplantation Physicians to better understand the HLA determinant
o RFGM “transplantation strategies” working group

OBJECTIVE:

* Aretrospective 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

Part 3 Predictive power of analysis variables for the finding of an HLA-matched donor

=

3 Sets of Haplotype frequencies J n

Hl&.ﬂ\-ﬂx B DR ..L-""“"'“"""“‘--l TRANSPLANTED E v

HLA-A -B -C -DR o (Controls) Ea

HLA-A -B -C -DR -DQ Aot L S oL
,,,,‘--"‘ uy O

From 2 Sources  Prediction ﬁ' H* NON TRANSPLANTED L %

2DigitsRFGM = (Cases) m

4 Digils -NMDP —

Predictive Power Analysis: Can we predict which patient will find an HLA malched donor suitable for transplantation?
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Comparative design “case” vs. “controls”

French Patients registered between 2000 and 2007
N= 4,965

"Cases" Population

Registered Patients who were canceled without transplantation
N=1,842

Survey

Transplantation Center retum survey for cancellation details
N=1,526 (83%)

ancther reason (Clinical condition, Other therapy..)
Exclusion of 608

The search was stopped before the identification of a suitable donor
due to the patient's clinical condition
Exclusion of 110

Exclusion from the study

Ambiguous records in Transplantation centers
Exclusion of 36

Non Transplanted patients for the lack matched unrelated donor

N=7T72

q Transplanted patients with a High resolution fully matched donor

"Controls" Population

Reqgistered Patients who were transplanted

N=3,123

Transplanted with HLA-mismatched donor
Exclusion of 660

Transplanted with Cord Blood Unit
Exclusion of 732

Apnys ay) wouy uoIsSN|ax3

actual level of HLA matching

Patients whose HLA Typing records did not allow to evaluate the ‘
Exclusion of 377

N=1354
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l Predict of transplanted and non transplanted
| - °®
I patients .
5 g //ﬂﬂ
) $ © -
S * Prospective use of : /
= the tool of the g g %
retrospe.Ctlve . : ,‘: / \W Cut-off MRSR= 1e+6 .
Popula.tlon Genetics 21 F | spe 0% (o (MRSRo1o+6 / NON-Traneplantod Patiots)
Analysis / )
. ' Areas Under ROC Curves
O Wlth HLA_C S | .." ——  AUC(HLA-ABDR):  0.82[0.80,0.84]
- AUC ~ 0.90 % """" AUC(HLA-A,B,C,DR,DQ): 0.87 [0.89,0.91]
— 85% good o | |
classification rate = . . . . .
0.0 0.2 04 0.6 0.8 1.0

False Positive Rate (1-Specificity)
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Part 2 : From research to
tools
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.“ Routine ™~
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Q X P _
s Database \ L7 Research” ~ .
[z ! A Database \
a ’ Infrastructure infrastruesure \\
0 aS I I Iat(: / at RFGM .
> at RFGM \\
2 4> |
> A— \
- Haplotypes |
1
0 S ,
3 BDD II
@ h h ”
= Bone Marrow recherches //
“ Donors j ,
b

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

Fréquences d'haplotypes HLA

Freq
2

Fréquences de paires
d'haplotypes HLA Fréquences de
Phenotypes HLA

|==|

1
i
i
g

i y HLAA (i)

/o . = HAB (@iz)

@ v d h A < | @)
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The Easymatch

Encrypted Web-Application “On Premise”

A Utilitai H
Seélection
Interrogation

Interrogation BMOWY
Easymatch

Application

REGISTRE FRANCE GREFFE DE MOELLE

Registre national de donneurs volontaires de moelle osseuse
Gestion des Receveurs

T',{'
::.'.}1 f: 1

T

P =

RETOUR
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The Easymatch Application

Z-Action

—Mise a jour
—Annulation
Suspension
~Réactivation
—Hvile Recherche
—Interro BMDW

El:Demande
Consultation

¢ @@

Quitter Retour Sélection

IDEMTITE || TYPAGEHLA | RECHERCHES
Ientifiant FR015044 Date inscription |09/04/2010 Date de naissance  24/06/1545
Nom .. Prénom .
Nom Jfille |
Bon de commande FREO4799/10 Début recherches | 09/04/2010 Greffeur |
Groupe sanguin AP Poils 4l CMV 1aG ou Ighl Pos
Info diagnostic

Diagnostic MDS | 6 - Myélodysplasie

Phase LM | 6.3 Leucémie myélomonocytatre chromogue

Date Précision
Type de recherche et registres a interroger Info annulation
ABDR match ¥ ¥ EMDIS Date Date greffe
Amismatch T T Antres Registres Raison | '
B mismatch T Autres Bangues de .
RFSp Sang Placentaire DonneurUJSE
D IDAA | UPN |

Sexe -M

RECEFISSE

Patient oriented

BN\ pole santé
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The Easymatch Application
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7
W E 2
IDENTITE |
Agence de la Biomédecine - Registre France Greffe de Moelle
Programme Easymatch
Bon de Commande SDFEDFEDF
Nom ' Prénom .
Phénotype du patient
HLA-A HLA-B HLA-C HLA-DRE1 HLA-DQEBE1
01:01 0%4B 07BC 5701 0602 0702 01:01 1LMS '
Merci de sélectionner les PARAMETRES DE RECHERCHE POUR LE PATIENT
Sélection des loci et du niveau de typage pris en compte pour le matching HLA
HLA-A HLA-B HLA-C HLA-DRE1 HLA-DQB1
Niveau de typage Niveau de typage Niveau de typage Niveau de typage Niveau de typage
T 1D T D T D T 1D T D
® 4D ® 4D T 4D ® 4D T 4D
” Mo match ” Mo match ® 1o match T Mo match ® No match
Population considérée Pool théorigue de donheurs
DVM NMDP - d'origine caucasienne - 4D - HLA-A-B-C-DR... '| 10000000

Parameters of the searches
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The Easymatch Application
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'EEEEE
IDEMTITE RESULTAT[
Ih de Taille
O des donneurs minimale
HLA-A HLA-B HLAC HLA DREL HLA-DQBL  Phénoiypes atiendus  duregisire  Vraisemblance
Dalot] szlor] (14fot] aaloz] lo7foaliozloz] lozfon] aforl 1 1 T | sa13l|  3s| | z8sess| | 3sE-ns| (&
[26]01 Pz [oz 14 o2 Flaa Joz 15 o4 [o1 Flos oz oz [oa Bl e 500 1T 0 1 B 619 03 3884554 26E-0F
6oL ) 6z oz ] (14 foz] aalosl loafotloglozl lozfon) afost 1 1T | .03 01| 79237ME | L3E0T
oL ) ez oz (14 [oz] laalos) los[ot oz loz) lozfoc) afozl | 1 1 | 143 01 16182424 62E-08
alot] ez foz] (14foz] 4alos] lozfozlleloz) lozfot) efezl 1 1T | 143 01 16182424 62E-08
baloz] gz foz] (14foz] aalozl losfotlloeloz] lozfoc) afoz) | 1 T | 143 01 | 16182424 | 62E08
balot] szfoz] (14 foz] aalos] losfotllosloz] lozfot) iafos) | 1 1 | 073 00 | 33009052 3.0E-D8
6oL ) 6z foz] (14foz] laalosl lozfozlleloz] lozfoc) afosl 1 1T | 0,75 00 | 33009052 | 3.0E-0%
B[z | gsloa|  14foz) 44 loz| os ot fosfoz | ogfoaffosf L | W [ B o7l nof | 33009052 | 3.0E-08
2600 | 6301 | 1400 | 4402 | 0704 | 0502 0700 1101 0zoz  gon | MAehs afoplielivinents
attendus théorigue considéreé

Evaluation of phenotypes and frequencies in potential donors
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Easymatch

« Fasymatch 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 reqgistry in the world

« Validation
o Reduction time to decision (50%)
o S$SSaving 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 etal.2016 HIM

For all patients, we calculated the delay between the registration day and the donor identification day;, s o S
and the number of CT requested to the donor centre. Considering both groups, we could observe a signif- e
icant decrease of the number of CT from 8 to 2 (p < 0,001), and a significant decrease of the median delay
to identify a suitable donor from 43 to 31 days (p < 0.0001).

* Web accessible “Easy-HLA”
* Research-use only — to recommend typing strategies

BN\ pole santé 20
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Easy-HLA

Algorithme de recommandation de
prescription de typage(s) a effectuer

Il est préférable de faire :
« un typage 2D plutot qu’un typage 4D

e un typage sur 1 locus plutot que
plusieurs

Basé sur la formule du Chi2 d'ajustement
qui permet la mesure globale de |'écart
entre des données observées et des données
théoriques.(@ minimiser)

Typage du patient

Typage du patient

Entrée

Un phénotype trouvé identique

-

Phénotypes sélectionnés par
EasyMatch

L Sélection des deux

4D premiers chiffres

l

2D
1 locus
2 loci

" 3 loci
" 4 |oci

matrice binaire

Calcul
des vraisemblances en
fonction des matchs

@V

Recommandation
d'obtention
d‘informations

« Il est conseillé de typer :»
Typage conseillé (ex: A-B-DR)
Niveau de typage conseillé : 2D ou 4D

Sortie

-

« Pas de typage a conseillé » 4_J

BN\ pole santé
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Recommandation d’obtention d’informations
en meédecine personnalisée

- Site web fonctionnel
HLA.univ-nantes.fr

 Algorithme réalisé avec R, optimiséet intégré dans
le site EasyMatch International.

 Création d'une base de données : composé 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

basés sur les fréquences haplotypiques des | tiien
a Su r S requ C S a p plq u S S To make a research on international EasyMatch looks for, to  Make a search on HLA-upgrade, to solve one ambiguous  Make a research on HLA-2-Haplo, to predict the pairs of
display then your chances to find a potential donor typage either solve a typage containing codes NMDP or to  haplotypes and their frequency which can correspond to a
corresponding to your phenotype, receive the advice of  predict the phéotype which can correspond when you have  given phenotype.
prescription of fypage additional HLA fo detect the anincomplete typage.
S - a p O -u pg ra e . compatible donors. The EasyMatch project, offers a new
anproach of the search for donors and improves the
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From research to tools and back to clinic

* Precision medicine - Starting point is a single Patient

+ Patient of interest ( POl ) ; n=1

HLA-A HLA-8 HLA-C HLA-ORE! MHLA-OG8T
Patsent ganotypa

Dt paurt renl

Inputk

Thireshodd

=

[=%

=

= - - =

] o191 02:01 [ L0 @ K} 13
101 o201 1501 57014 . Sl OT 01 o301 03:03
1209 0201 5:01 57% 2 el 2 i 03:0

4

A B DREI DOQB1
(L2M5 7.7 (3.3)

e -—?—-__

i —
A Dl‘m Lo F'Nh Doe A B © DRE1 DOBI
{E; 01 ISﬁ]}ﬁd D]:D;] Gt'ﬂt 15 I!II {gﬁﬂ;} )Ei.{ll) 0100-5700-06:02-07-01-03:03
SOV WOTF-01 /030 FEQFALTR 701 303 02:07-15201-03:04-04:01-03:02
HLA-Upgrads HLA-Upgrade HLA-2-Haplo
High-resolution genotype prediction Untyped HLA-C locus prediction Haplotype pair prediction

Bioinformatics, 36(7), 2020, 2157-2164

doi: 10.1093/bioinformatics/btz875

Advance Access Publication Date: 21 November 2019
Original Paper OXFORD

Genetics and population analysis
Easy-HLA: a validated web application suite to
reveal the full details of HLA typing

Estelle Geffard™*, Sophie Limou', Alexandre Walencik'2, Michelle Daya®,
Harold Watson*, Dara Torgerson®, Kathleen C. Barnes on behalf of CAAPAZ,
Anne Cesbron Gautier?, Pierre-Antoine Gourraud'* and Nicolas Vince'
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Abstract

Motivation: The HLA system plays a pivotal role in both clinical applications and immunology research. Typing HLA
genes in patient and donor is indeed required in hematopoietic slem cell and solid-organ lransplamatlon and the
histocompatibility complex region exhibits countless genetic ions with i I . Since
the discovery of HLA antigens, the HLA system nomenclature and typing methods have constantly evolved, which
leads to difficulties in using data generated with older methodologies.

Results: Here, we present Easy-HLA, a web-based software suite designed to facilitate analysis and gain knowledge
from HLA typing, regardless of nomenclature or typing method. Easy-HLA implements a computational and statistic-
al method of HLA haplotypes inference based on published reference populations containing over 600 000 haplo-
types to upgrade missing or partial HLA information: ‘HLA-Upgrade’ tool infers high-resolution HLA typing and
‘HLA-2-Haplo’ imputes haplotype pairs and provides additional functional annotations (e.g. amino acids and KIR
ligands). We validated both tools using two independent cohorts (total n—2500). For HLA-Upgrade, we reached a
prediction accuracy of 92% from low- to high-resolution of European genotypes. We observed a 96% call rate and
76% accuracy with HLA-2-Haplo European haplotype pairs prediction. In conclusion, Easy-HLA tools facilitate large-
scale immunogenetic analysis and promotes the multi-faceted HLA expertise beyond allelic associations by provid-
ing new functional immunogenomics parameters.

Availability and implementation: Easy-HLA is a web application freely available (free account) at: https:/hla.univ-
nantes.fr.

Contact: easyhla@gmall com or pierre-antoine.gourraud@univ-nantes.fr

yil { f \tary data are available at Bioinformatics online.

1 Introduction HLA-A, -B, -C, -DRB1 and -DQB1 genes. The chance of graft suc-

cess is optimal when donor and recipient are fully compatible and
HLA genes from the major histocompatibility complex (MHC) en- have the lowest number of HLA alleles mismatches (Lee et al., 2007;
code a specific group of cell surface molecules mediating recognition  Zachary and Leffcll, 2016). The level of typing resolution is posi-
of non-self-antigens by the immune system. HLA plays key roles in tively correlated with the probability of allele matching during
transplantation management and success. HLA matching between a donor search. Additionally, time restrictions in solid-organ trans-
patient and potential donors is essential in hematopoietic stem cell tation from deceased donors often make HLA allele high-
transplantation (HSCT) (Copelan, 2006; Loiscau et al., 2007) and resolution typing impossible, and only intermediate resolution or
solid-organ transplantations (Held et al., 1994). Dono pient v low-resolution genotyping may be available at the time of
compatibility is defined by the number of alleles shared across organ allocation. Beyond these major clinical impacts, HLA has
©The Author(s) 2019. Published by Oxford University Press. 2157

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/4.0),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

BN\ pole santé

v UFR Médecine



European African-American

A 100- 100~
\q’ - 75- =~ 75-
= =
T . . 3 50- 3 50-
M Tools need validations
GL’ eoe § 25- § 25-
.2 0= i [ [ [ ' o= ] i ' ) '
A c RB1 QB1 A c RB1 QB1
C ’ Genes o o ’ Genes o o
D B 100 100
w QD: 90:
o) e Method: % g2
-|E 5 60- E 60~
. . . . 0 ® 50- ® 50~
© o Tovalidate prediction in various g LES
. 20~ 20~
< ethnic background -
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 S50 60 70 80 90
O ACCO rdine multlple Post-probability (%) Post-probability (%)
i R
2 70- = 70-
s g
* Results: 1% 1
20 20~
10~ 0=
* Ancestral baCkground matte rs - 0 10 20 30 40 5 6 70 80 9% - O 10 20 3 40 S0 60 70 8 90
Post-probability (%) Post-probability (%)
. D 100- 100- & 1399 p= 15560
* Variable by locus _u / R T
g %3 3 p= 5 16e-0;
:;: 25 ‘3% gg: —‘/._/
* Atgenotype level. S i E o
* 2 R= 100 p= 271013 | DT em .
. R= -1.00 p= 233e-12 N
100 9 80 70 60 50 40 30 20 10 0O 100 90 80 70 60 50 40 30 20 10 O
Call rate (%) Call rate (%)

Genotype  [Ja-8-ore1  [JJa-8-c-ore1 [JJa-8~c-DRB1-D0B1

BN\ pole santé

U UFR Médecine




ps

Iversite

It is all about weights ...

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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®*  HLA-A~B~C~DRB1~DQB1 high-resolution 100
genotypes were predicted from different gene
combinations of first-field genoéy es: HLA-
A~B~DRB1, HLA-A~B~C~DRBT , HLA-
A~B~C~DRB1~DQB1.

® Calculation of accurac%/_using weighting by
multiplying post-proba |Ig_by genotype
frequencies (dark blue). Original accuracy
considers all genotypes as equal and is
calculated as: correctly predicted genotypes /
predicted genotypes.
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®  Weighted accuracy considers genotypes
frequencies in the ‘equation and is calculated
as: sum of the frequencies of correctly i
predicted genotypes / sum of the frequencies 0

of predicted genotypes. A~B~DRB1 A~B~C~DRE1 A~B~C~DRE1~DQB1
Genotype
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Conclusion

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

 [llustration HSCT
o quantitative assessment of Rare / frequent types

o Research in pop =2 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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Transplantation de cellules
souches hematopoiétiques
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