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PLACE DES DONNEES ET COLLECTIONS BIOLOGIQUES DANS LES
ALGORITHMES DE MEDECINE DE PRECISION

De la valorisation du réseau OFSEP vers un modele de médecine
de précision dans la
sclérose en plagues : Projet RHU PRIMUS

Pr Pierre-Antoine Gourraud
Professeur des Universités & Praticien-Hospitalier
CHU Nantes, PHU 11 : Clinique des données, INSERM, CIC 1413, Nantes Université, INSERM,
CR2TI
pierre-antoine.gourraud@univ-nantes.fr

@ () S e, T I\l Nantes
- FrBioNet -.( 2@3¢ wee
I 2 W Université
I\ pole sants di e © V) PiFE ggNantes i
Ut DELPHI & anr ) ves. ot 1w nantes i Inserm



http://ifr69.vjf.inserm.fr/%7Eegeanet/IMAGES_2009/Inserm_thematiques.gif
https://www.imdb.com/name/nm4147049/
mailto:pierre-antoine.gourraud@univ-nantes.fr

« Conflits d'intérét potentiels:

PA Gourraud est le fondateur (2008) de Methodomics. Sa spin-off est Big data Santé (2018- nom
commercial «Octopize»). Il est consultant et/ou intervenant pour de grandes entreprises
pharmaceutiques ou de dispositifs médicaux. Ses activités sont toutes traitées par une contractualisation
universitaire ou hospitaliere(AstraZeneca, Amgen, Biogen, BMS Boston Scientific, Cemka, Cepton,
Cook, Docaposte/Heva, Edimark, Ellipses, Elsevier, Grunenthal, Hemovis, Janssen, IAGE, Lek, Lifen,
Methodomics, Merck, Mérieux, Novartis, Octopize, Sanofi-Genzyme, Tunelnsight) . PA Gourraud est
administrateur bénévole des mutuelles d’assurances AXA (2021). Il n'a aucune activité de prescription de
medicaments ou dispositifs médicaux. Il ne percoit pas de rémunération complémentaire
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 Potential COI :

PA Gourraud is the founder of Methodomics (2008) and its spin-off Big data Santé (2018- “Octopize”
brand). He consults for major pharmaceutical companies, and start-ups, all of which are handled through
academic pipelines (AstraZeneca, Amgen, Biogen, BMS, Boston Scientific, Cemka, Cepton, CoOK,
Docaposte/Heva, Edimark, Ellipses, Elsevier, Grunenthal, Hemovis, Janssen, IAGE, Lek, Lifen,
Methodomics, Merck, Mérieux, Novartis, Octopize, Sanofi-Genzyme, Lifen, Tunelnsight). PA Gourraud is
a volunteer board member at AXA not-for-profit mutual insurance company (2021). He has no
prescription activity with either drugs or devices. He receives no wages from these activities.
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Utilisation secondaire de
données de santé par I’exemple
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Démonstration - login - POI// Les données

du patients comme point de depart.

https://primus-cdss.pixyl.io/

P

=

. R}.I\;U = Multiple Sclerosis Decision Support System * Exclusivement pour l'investigation clinique * Acceder a la visionneuse PRIMUS

Bonjour Dr pa.gourraud

Sélectionnez vos critéres de recherche

Genre : Type de SEP : Nombre de lésions T2 (cerveau) :
Homme @ Indifférent
Age au début de la maladie : Edss :

Activité Inflammatoire au cours

de la derniére année : @

Durée de la maladie : @ Non

RECHERCHE DE PATIENTS SIMILAIRES



https://primus-cdss.pixyl.io/

Acces a des données de réeféerence:

Observationnelles & RCTs

88 .

q"e
PR'i’MJS Multiple Sclerosis Decision Support System * Exclusivement pour l'investigation clinique * Accéder a la visionneuse PRIMUS

Bonjour Dr pa_ gourraud

Scénario thérapeutique

Traitements Données disponibles

Etudes observationnelles

OFSEP-HD (48) J M OFSEP (105) -
Beta Interferon  @BInEGINEITGEETES  Teriflunomide Essais cliniques

W DEFINE (47) 52.5%
Modulateurs S1PR  Anti CD20 Natalizumab Cladribine

Placebo

AJOUTER UN TRAITEMENT TOUT EFFACER

L8
pR'i’MJS Multiple Sclerosis Decision Support System * Exclusivement pour l'investigation clinique * Accéder a la visionneuse PRIMUS

Bonjour Dr pa gourraud

Scénario thérapeutique

Traitements Données disponibles

Etudes observationnelles

OFSEP-HD (107) Y M OFSEP (150)

Beta Interferon  Dimethyl Fumarate  Teriflunomide Essais cliniques

M AFFIRM (213)
Modulateurs S1PR  Anti CD20 VElElrdlElly  Cladribine

Placebo

31.9%

S

45.3%

AJOUTER UN TRAITEMENT TOUT EFFACER




Projection a 2 ans — Patients “similaires”

Cumulee sur 2 ans

Type de projection :  Annuele sur2ans
-
Contexte Thérapeutique -

; Wion profil patient

Dimethyl Fumarate @

DEFINE - OF SEP-HD - OFSEP

Absence de poussée

Genre Fene 195 patients sont représentés @
i <ty 100%
Type de SEP @ 5%
Edss e
Durée malsdie G
Lesions T2 @ 5%
Acfvité infl. @

0%

Index de I3 visite fan

= Réparftion des patients par
fiitre
Activerldésaciiver tous les fires ® Absence de lésion
Base e comés 80 patients sont représentés @
ez -
~HB
-

#Pas de poussés

100%

5%

ONONONORC

Durde maladie . K%
At in,
. 25%
Hesizst | 311432
0%
Index de I3 visite fan

@ Pas de nouvelle lésion T2 (cerveau)

Dimethyl Fum. Absence de poussée Natalizumab

Zans

Dimethyl Fum. Absence de lésion Natalizumab

2ans

Natalizumab @

AFFIRM - OFSEP-HD - OFSEP

452 patients sont représentés @
100%

8%
A%
26%

0%

Indes de Is visie fan

@Pas de poussée

N patients sant représentés @
100%

5%
50%
2%

0%

Index de a viste fan

@Fas de nouvelle lésion T2 (cerveau)



Type de projection : (ELNCLEIRELY Cumiéesur2ans
9 owe
Contexte Thérapeutique Dimethyl Fumarate @ Natalizumab @

; Won profil patient

Genre Femme

Age <Ay
Type de SEP
Edsz

Durée maladie
Lésians T2

Activite infl

= Repariion des pafients par
filtre
Activer/désachiver tous les filtres

Basedenmrées
I
M
=
Ouenase [
Acmém.

Netsizama| 13 - 15

®
®
®
®
®
®

Projection a 2 ans — Patients “similaires”

DEFINE - OFSEP-HD - OFSEP AFFIRM - OFSEP-HD - OFSEP

Poussée(s) Dimethyl Fum. Poussée(s) Natalizumab
199 pafients @ 193 patients & 439 patients @ 452 patients @
0% — 005 T
T5% 5%
5% 0%
25% 2%
T 0%
0-1an 1-2ans 0-1an 1-2ans
WPasdepoussée 1 Poussée W22 Poussées WPas o2 poussée 1 Poussée M2 Pousséss
Nouvelle(s) [ésion(s) T2 (cerveau) Dimethyl Fum. Nouvelle(s) lésion(s) T2 (cerveau) Natalizumab
93 patients @ 90 patients @ 308 patients @ 302 patients @
100% 100%
- oy 33 %) . 35%
5% 5%
25% 25%
0% 0%

0-1an 1-2ans 0-1an 1-2ans

W Pas de nouvelle Iésion T2 (cerveau) = 1 ouvelle lésion T2 (cerveau) W Pas de nouvelle Iésion T2 (cerveau) & 1 Nouvelle lésion T2 (cerveau)




Interface collab

orative

™ c
+n Mouveau patient

Contexte Thérapeutique

; Maon profil patient

Absence d¢
Ganre - 195 patients
Age 100%
Type de SEF 75%

Femme
Edss e
Duréa maladie 0%

Lésions T2 e
Auctivité infl.

0% =
Index de Ia vis

= Répartition des patients par

filtre

Activer/désactiver tous les filtres @ Absence di
Base d= donnée: [T 89 patients s

e I
=D
= [

Durée maladia -

Antivits infl. .

Natslizumat | 301 - 452

@ 4 Désactiver ce filtre
TE%

H0%

ORONONO)

25%

0%

o

Type de proje

™ ’
. Nouveau patient

Contexte Thérapeutique
1 Maon profil patient
e <o ]

Type de SEFP

Femme
<40y
.
o 2

Genre

Contexte Thérapeutique

IMon profil patient

Femme

Age < 4y

Durée maladie Genre

Lésions T2

Activite infl.

Type de SEP
Edss
= Répartition des patients par Durge maladie @
filtre Lésions T2
Activerldésactiver tous les filtres

Activité infl.

filtre
Activer/désactiver tous les filtres

s e D

PEO® ®

A-:‘liméinﬂ.-

Matslizumat | 413 - 623

P—  Ourse malage )

Acivit infl. :

Matalizumab l 543 837

+.=. Mouveau patient

= Répartition des patients par

PEE®® ®

Tine de projecion . Amuees2as

Dimethyl Fumarale @ Nataizumeb @

AFFIRM - OFSEP-HD- OFSER

DEFINE - OFSEP-HD- OFSEP
Absence de poussée

Dimethyl Fum.  Absence de poussée Natalizumab
308 paents sont representis @ 87 paens sonreprsetis @
1% 1%
5% %
% %
b b
i %
[nex de 3 viske fan Dans  ndexde avishe fan 2ang
OPas ok poussée OPas de poussée
Absence de lésion Dimethyl Fum.  Absence de lésion Natalizumab
164 palients sont representis @ M3 pafients sont représentés @
0% 1%

Index dela viste fan

Tams  Indexde vt fan Zans|

OPas de nouvells sion T2 (cenvea) OPas de nourelie ésion T2 (cenveat)




Sous le capot: 1/3
Des données multi-sources interopérables

mises en qualité: un travail




// It is all about DATA + Architecture IT adaptée a

la responsabilité initiale de traitement

JUVISE® &
m Biogen

- Lokt

a NI O I I
OPTIMUM REFLEX CONFIRM DEFINE R
-Ponesimod (n = 471) -No treatment (n = 169) '39 tr?st:nFent (n =i32‘?9 -No treatment (n = 408) Hight definition cohort
“Teriflunomide (n = 473) -Beta Interferon (n = 173) Clatam er‘XEét(_”(r‘] h 35)0) -Dimethyl Fum. (n = 410) (OFSEP-HD)
\ DA IR % J -All treatments (n = 2 842)
a N7 R ™ J
ORACLE AFFIRM SENTINEL N
No treatment (n = 203) -No treatment (n = 312) “No treatment (n = 595)
i - : . Part of general cohort
-Beta Interferon (n = 206) -Natalizumab (n = 627) (OFSEP-Mother)
N~ - - -All treatments (n = 15 962)

= NG ~ y

CLARITY ADVANCE ASCEND
-No treatment (n = 434) -No treatment (n = 490) -No treatment (n = 449) l
-Cladribine (n = 430) -Beta Interferon (n = 505) -Natalizumab (n = 439) ]

- IS Y Ker Primus

g (i ___ |, Data Warehouse (BKP
CLARITY ext ATTAIN ( )
-No treatment (n = 244)
-Cladribine (n = 98) -Beta Interferon (n = 547)

N — I\ —




// OBVIOUSLY : Data

management

Data lake
Cohorts

L N=2

Clinical trials

-
_ -t
N=12 =

/

Data warehouse

1) Ingestion &

‘2) Harmonization ¢¢‘

One data source
at once

‘ 3) Integration

‘ 4) Formatting g?

N Batch'é's l K‘

T«

/

Ingested database

Batches

-
Harmonized
database

Integrated
database

Batches

v o

Main-Extension o

studies o
combination

Formatted
database

vy v

Data mart

Loading of reference populations

into the PRIMUS CDSS

“The Value is in the data
transformation more than the
necessary yet not usable raw data”

ETL pipeline-

https://gitlab.com/stanislas.demuth/clinsci

Demuth, Faddeenkov et al. (2024); Are we in a Big Data era for
multiple sclerosis? Lessons from integrating clinical trials and
observational studies data into the PRIMUS precision medicine
platform. DOI: 10.1101/2024.10.17.24315655 (pre-print)



Sous le capot : 2/3
Une infrastructure Fédérée pour

garantir le controle des usages



// INNOVATION : Distributed infrastructure

https://iprimusruotest.chu-nantes.fr/

WEB

DMZ: Nantes University
Hospital

Front-end

|

HUB

Handling
the query

LAN: Nantes University Hospital

Centralized algorithm

KEYCLOAK
authentification server

[
y @

CENTRE HOSPITALIER
UNIVERSITAIRE DE NANTES

O
y =

CENTRE HOSPITALIER
UNIVERSITAIRE DE NANTES

Distributed algorithm 1 (for source 1)

Distributed algorithm 2 (for source 2)

Distributed algorithm j (for source j)

Demuth, Faddeenkov et al. (2024); A collaborative algorithm approach to personalized therapeutic management in multiple sclerosis: a validation study of the
PRIMUS clinical decision support system (in preparation)

.
/



Sous le capot : 3/3
Des données synthétiques

anhonymes augmenteées « Al ready »



// INNOVATION 2: AUGMENTED SYNTHETIC

ANONYMOUS DATA

1- Input 2- Avatar method 3- Output
| © Original data © Avatar data ‘ o
/ sﬁé‘ ‘6 u:%bo 1 l. . \a?‘. / \
P N :;gif} ] 2 . | Preservation of
T SR L VA . — cutal representability +
g . - @ﬂnf . s o R '-;‘?-90 e = 0-?0& .
N EREER A AT ensured privacy
L i a .
| - according to
_ . oo N ., GDPR due to 1-to-
Original Data 3 -L,_% h | . 4 . Avatar Data 1 correspondence
D P of patient and his
1& * *$ L] ®
~ avatar
a) Multidimensional b) k neighbors ¢) Random local d) Metrics \ /
projection identification avatar generation computation

Guillaudeux, Gourraud et al. (2023) “Patient-centric synthetic data generation, no reason to risk re-
GDPR: EU General Data Protection Regulation identification in biomedical data analysis”. NPJ Dig. Med. DOI: 10.1038/s41746-023-00771-5



/ A TRADE OFF BETWEEN UTILITY And

PRIVACY ?

Ratios

Absolute rates
With Cl 95% estimations

GDPR: EU General Data Protection Regulation

CLARITY

ARR ratio 1

ARR ratio in HRA pop 1

ARR ratio in not HRA pop 1

OR relapse-free -

HR first relapse .

OR rescue therapy 4

HR 12-weeks CDW 4

HR 24-weeks CDW in HRA pop 1

HR 24-weeks CDW in not HRA pop 1

— e

0.1 03 1.0 3.0
Rate and hazard ratios estimates (C195%)

ARR Placebo |

ARR Cladribine -

—-

0.1 0.2 0.3
Absolute rates estimates (CI95%)

p-values:

kkk/***

NS/NS
(Interaction)

kkk!*\k\k

kkkl**

w!**
w!***

**/*

(Interaction)

Mean GdE lesions Placebo

Mean GdE lesions Cladribine

Mean CUA lesions Placebo

Mean CUA lesions Cladribine

Mean active T2 lesions Placebo

Absolute rates
Without Cl 95% estimations

Mean active T2 lesions Cladribine

Singling out
Linkability
Inference

v
v

]

I

[

[ ! i :
s |
=

|—

. . . ;
S |
—

[(—— ]

.0 0.5 1.0 15

Absolute rates estimates

Publication

Avatars (default)
- Avatars (optimized)

Labels:

Study design

Primary endpoint
Secondary endpoint

Safety

Post-hoc subgroup analysis

p-values:

NS: non-significant
*1<0.05

**<0.01

> <0.001

Validation both of the ETL
pipeline AND the synthetic

data

Demuth, Faddeenkov et al. (2025); Privacy-By-Design Generation of Two Virtual Clinical Trials in Multiple

Sclerosis and their Release as Open Datasets: Evaluation Study. JMIR. (in process of publication)



/| AUGMENTATION AND RECALIBRATION

Avatari-

zation
X10

== —{{(| = .. 50 {{{)

NEDA-2 activity — survival after 2 years

100

MAE: 7.68%
RMSE: 9.91%

80 +

=]
L

Real data (%)
&

[
o
'

OFSEP-HD

T T T T T
o 20 40 60 80

Avatarized 10:1 data (%)

Comparison of all
possible queries
and polynomial fit

T
100

Recalibration

with the
polynomial

100 A

801

Real data (%)

NEDA-2 activity — survival after 2 years

60 1

201

MAE: 5.70% iy
RMSE: 7.80% ®e 8,
’
td

T T T T T T
o 20 40 60 80 100

Recalibrated avatarized 10:1 data (%)




// GDPR COMPLIANCE : privacy comes first !

PROTEGER les données personnelles
ACCOMPAGNER l'innovation
PRESERVER les libertés individuelles

CNIL.

- Hidden rate:
represents the percentage of individuals in the original
dataset whose avatar simulation is not the most similar to
them. This metric evaluates the probability of an attack
being wrong when it associates an avatar simulation with
the individual to whom the avatar simulation is most
similar

- Local cloaking:
Number of avatar simulations that are more similar (i.e.
closer in the multidimensional space) to the original data
than the one avatar produced from the data

= Nous ne manipulons plus des Données Personnelles

Anonymization
criteria

Metric

Definition

Software Editor
recommendation

CLARITY

(Indicative) (Optimized
parameters)
Singling out Distance to | Median distance =0.2 0.31
the closest between each
synthetic data
point and their
closest reference
data point
Distance to Median of the =0.3 0.81
the closest ratio of
ratio distances
between each
synthetic data
point and their
closest and
second closet
reference data
point
Linkability Column Minimum =50% 84.8%
direct probability that
match a variable could
protection beused as a
direct identifier
Row direct Percentage of >90% 100%
match synthetic data
protection points that are
identical to
reference data
points
Inference Median Median number =5 3
local of avatars more
cloaking similar to the
reference data
point of a vatient
than its own
avatar
Hidden Probability of =00% 85.0%
rate eIToneous
distance-based
matching
Categorical | Probability of >90% 98.4%

hidden rate

eIToneous
distance-based
matching based
on categorical
variables only
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La Biocollection Génétique OFSEP-
HD - Sclérose en Plaques
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OFSEP-HD Genetics Project : First publication of the French cohort profile

Paris et al. preprint:
https://www.medrxiv.org/content/10.1101/2025.04.28.25326562v2
Github resources : https://github.com/jp3142/

0.04 A s African n=661
1 East Asian n=504
+ « South Asian n=489
i e European n=404
u o) American n=347
Take home : Genetic aeel 4 + Mo tican 47
1 - clusterl (n=2177)
Ancestry in 7 clusters - s i
* 85.6% European n= 2177 g > . dusers (ne19
» Cluster 3: . ¥ L Guser? (nes)
. g 001 i Y 4 Dbarycenter
- N=232 North-African MS O g
Patients o00]  LodMEERe -,
- 51.7% of North-African ? m 2ils :
. . ] 1 ';.“\‘*’-" SR s
ancestry patients did not self- 0011 7 3 R IE Ak
: . - é SR o
identify as such | s o
* Others clusters -0.01 000 001 002 o003

290 PC1 (49.131%)

291 Figure 1: Principal Component Analysis (PCA) plot of the OFSEP-HD population based on the first two principal components

292 (PC1 and PC2), overlaid with reference datasets. Each data point represents an individual. Semi-transparent data points
I\ pole sants = o ) rir: i Inserm *°
reesante. ELPHT & anr® )2 vius, I\ Nantes i Inse
v UFR Médecine Pam [ | ==l L0|ﬁ2E etropole o g 2~ [ ]
B Smemi R °0 _
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g |m man®h of de la mchemho midialc
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https://www.medrxiv.org/content/10.1101/2025.04.28.25326562v2
https://github.com/jp3142/

Innovative Data Strategies: 1-clic access to dataset

7

iversite

O Platform Solutions Resources Open Source v  Enterprise Pricing

& jp3142 / OFSEP_HD_public_avatar_dataset ' Pubiic O Notifications % Fork 0 77 str 2

n
<> Code ( lIssues 11 Pullrequests (& Actions [ Projects @ Security |~ Insights U ses Of Synth etl c Data
[D Files OFSEP_HD_public_avatar_dataset / avatar_dataset_shuffled_OFSEP_HD.csv (5} 1 - An o nym izat i o n & Tra n s pa re n cy —
¥ main 7 Q 3, jp3142 Update avatar_dataset_shuffled OFSEP_HD.csv 2eede0d - 5 months ago D) History Safe 1 - 1 expo rtS a u d ita b i I ity
H
Q Gotofile

0 o o« - 2, Data Sharing — internal
| oo e (students/collaborators), external

c
-
)
[}
]
c
«
=

1D HET_RATE pC1 PC2 PC3 Pc4 PCS PC6 PcT
0O variable_dictionary_avatar_datase... .
2 | OFSEP.HD1 | 02066671643448007 -0.0 0003 0,000 -0.0001 0,004 -0.0025 0010 O pe n S CI e n Ce , S a n OX
3 | OFSEP.HD2 | 02074823533455881 -0.0056666666666666 -0.003 -0.0040 0,003 0.0052 -00062333333333333 0,006 3 T . o= & E t . I . t .
4 OFSEPHMD3 | 0.2092020821377609  -0.0067 ~0.0041 -0.0031 0.0026 00025 -0.0036999999999999  -0.00 ra I n I n g d u ca I o n re a IS IC
5 | OFSEP.HD4 | 02059657727302734 -0.0067666666666666 -0.004 -0.0019666666666666  0.0013 00011 0.0006333333333333 0.000 p ra Cti Ce eth ica I Ie a rn i n g (ne Ver ﬁrst
6 | OFSEP.HDS | 0206040421674847  -0.0059 -0.00 -0.0004 -0.00¢ -0.00° 0.005 -0.00 ’
.
7 | OFSEPHD6 | 0.2067728938945715  -0.0061 00035 00022333 0.00¢ -0.000; 00017 0010 On re al pa tlen tS/da ta )
8 | OFSEPHMD7  0.2073964110228205 -0.0063 -0.0036666666666666  -0.0034 0.0007666666666666 00069 -0.0032999999999999 0,005 h . d
9 | OFSEPHMDS  0.2069475032774192  -0.006 00039 0.0001 0.001 -t 0.00483233 0004 I . ‘ \rc I v I n g p re S e I V e ata a S S etS
10 OFSEP.HDO | 0.2065189948035768 -0.0 -0.00: -0.0036333 0.0018 00019 0.0038 0.003 i n Ste a d Of d e I eti o n
11| OFSEP.HD_10 | 02070145642489936 -0.006 00037 00024 6 05 -00067 -0.0001 0.009
. . . .
12 OFSEP.HD 11 | 0.2083655812246671 -0.00 ~0.0040 -0.0032333 -0.0005 0.0027 0,001 0007 5 Au g m e n tatl o n — Ca | I b ratl O n b I a S
= )
, CCto Lo 0 0o00iciicaa07c0r  000c0322200000000  00040222002220220 ons 0002722222222 fndnsssssssRsaes 00018222222220022 oo

correction, sensitivity tests

6. Decision Support — safe, audited
Paris et al. preprint: https://www.medrxiv.org/content/10.1101/2025.04.28.25326562v2 data for AI/ML tools

https://github.com/jp3142/OFSEP HD public avatar dataset/blob/main/avatar dataset shuffled OFSEP HD.csv

g . 21
I\ pote sants npJ | digital medicine

v UFR Médecine 21
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https://github.com/jp3142/OFSEP_HD_public_avatar_dataset/blob/main/avatar_dataset_shuffled_OFSEP_HD.csv
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SCIENCE OUVERTE

Chercheurs FRBionet & Démarche de publication partielle en opendata.
https://www.enseignementsup-recherche.gouv.fr/sites/default/files/2026-09/MESRE SSO 2026 FR.pdf.

+14,5 % de citations supplémentaires,

en moyenne, pour un article partageant
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