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multi-factorial disease — multi-scale data

> |ntracranial aneurysms: a complex & multifactorial disease

» |nter-disciplicary efforts needed for a better understanding of the
pathology

» Specific data produced at very specific scales
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How to jointly analyse
these
diverse datasets ’



® what is observed with data ?

Computational ontology
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The Human Phenotype Ontology in 2021
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® how to link data from multiple scales 7

Knowledge graphs: « a collection of interlinked descriptions of things
(real-word objects, abstract concepts, events, etc.) »

= database: information
storage / extraction

chromosme

= graph: network analysis

position gene-1id
ref-allele GWAS
alt-allele

loss-of-function

= knowledge base with
@ formal semantics :

+ logical facts

+ logical inferences
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Imaging-omics-
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Clinical observations

» Aim : representing key characteristics of ICA patients
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Genomic markers 2

» Aim : representing associated genetic variations by
extending reference ontologies (Sequence Ontology, VARIO)
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Imaging markers
®

Anat. measurement
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Imaging markers

Bifurcation I

has bifurcation
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Searching
iIn multi-scale data ?




Queries with graph patterns "=

7 "Give all patients with a mutation in ANGPTL6,

f In the case of a rupture, give me also the age and
the location of the ruptured aneurysm."

SELECT * WHERE {

7?7subject ican:has_dna_sample 7sample

7?7sample ican:is_heterozygotous 7variant

7?variant i1can:has_chromosome "19" ;
ican:has_position 7position ;
ican:has_alt_allele 7alt_allele ;
ican:has_ref_allele 7ref_allele .

FILTER (7position > 10092337 && ?7position < 10106407)

OPTIONAL { ?variant ican:has_dbsnp_id ?7dbSNPid . }

OPTIONAL { ?subject ican:age_first_rupture T7ageRupt
OPTIONAL { ?subject ican:loc_first_rupture 7locRupt

“
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Select "extreme phenotypes" for genomic studies

< 30 years old ? usable images 7

2+ aneurysms ? _
ICAN subjects

9197gc5)lored individuals, 565 in Set 1, 54 in Set 2 and 300 in Set 3.
800 -

B Set_1: extreme phenotype with available image
Il Set 2: 2 remarkable traits but missing imaging data
Bl Set 3: extreme phenotype with no image

familial forms ?
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Train machine-learning models ...

Tobacco consumption Ischemic heart disease history Platelet aggregation inhibiting treatment

mmm Former mm False

Never E True
Emm Regular

UMAP: n_neighbors=30, min_dist=0.1 UMAP: n_neighbors=30, min_dist=0.1 UMAP: n_neighbors=30, min_dist=0.1

IA location (4) -
1.00
Age (4) -

Acdjusted size ratic (2) -

Ischemic stroke history (2) =
Statin treatment (2) =
. o “ Sex (2) -
i / "‘la’,r".)()’1'0h‘9)(/wW/} 128. | ‘
Observational Study > J Neurol Neurosurg Psyc y 2 s
doi: 10 ‘136/]"\npr’zif*20732l.371v Epub 2020 Oct 23. o8

Headaches (2) -

Kl Hypertension (2) -
Location Of intracranial aneurysms lS the maln factor Platelet aggregation inhibting treatment (2) -

. . % ) : Hormone therapy treatment (2) -
associated with rupture in the ICAN population Q{\ o e

a Rousseau atilde Ka kacho Alban Galg d e Bellange! Philippe BH' a // |
! ' '
Oliv S f v Karaka , AlD G a , Lis eng

- Sporadic case (2) -
/
1 vincent L'Allinec 8, Olivier Levrier 6 pierre Aguettaz /,

0 Multip'e 1A (2) -

Pacdme Constant Dit Beaufils

True positive rate
o
P
o

Jean-Philippe Desilles 8, Caterina Michelozzi ¢, Gaumer‘Marnat "’j Anfe—Clén;e?ce Vion 2, v o6y o o 4 -
Gervaise Loirand 2, Hubert Desal 1 Richard Redon Z, Pierre-Antoine Gourrau ) Eczema (2) -
Romain Bourcier 12. |CAN Investigators - :;c::: 2:
Collaborators, Affiliations + expand 0.25 ) Allorgy (2) -
PMID: 33097563 DOl ‘l().‘l‘\l%('S/Jnnpf'i()'2043243/1 Carotid stery sianosis history (2) -
— PAD history (2) -
B — ’ Methods Anti-inflammatory treatment (2) -
Logistic regression (AUC = 0.725 [0.702,0.748)) VKA or anticoagulant treatment (2) -
Random Forest (AUC = 0.724 [0.699,0.749]) Aortic aneurysm history (2) -
0.00 Atopy (2) -
Diabetes (2) -
000 025 0 0.7 . y L/
’ False pi);;;ive rate ’ " 0 20 U] 60

Variable Importance
(Mean Decrease Accuracy)

14



(controlled) access and sharing

INEX-MED data hub

GENERAL
Dashboard
. INEX-MED data hub
Admln . - - - . . -
Exploring clinical, genomics, and imaging data to better understand congenital
SEARCH myopathies and intracranial aneurysms
Centers - . , .
See the official INEX-MED wiki page for more information.
Gender
Distribution
Aneurysms
Position
SUBJECTS CLINICAL OBSERVATIONS BIFURCATIONS GENETIC VARIANTS
Genomic
Variants 2,974 2,613 9,490 1,549,005
Query
AUTHENTICATION
Sign-in FACTS

Sign-out 143,745, 265

Web demonstrator — https://inexmed-api.univ-nantes.fr
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Related works



Sample knowledge graphs : SPHN network

nature > scientific data > articles > article

Article | Open Access | Published: 10 March 2023

FAIRification of health-related data using semantic
web technologies in the Swiss Personalized Health
Network

Vasundra Touré, Philip Krauss, Kristin Gnodtke, Jascha Buchhorn, Deepak Unni, Petar Horki, Jean

Louis Raisaro, Katie Kalt, Daniel Teixeira, Katrin Crameri & Sabine Osterle

Scientific Data 10, Article number: 127 (2023) | Cite this article

Abstract

The Swiss Personalized Health Network (SPHN) is a government-funded initiative
developing federated infrastructures for a responsible and efficient secondary use of
health data for research purposes in compliance with the FAIR principles (Findable,

Accessible, Interoperable and Reusable). We built a common standard infrastructure with
O — S

-dr,,_ SPHN Federated Query.System
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Sample knowledge graphs : SPHN network

hasValue
HeartRate hasQuantity w
hasUnit

SPHN RDF Schema
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+ Allergy
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+ Genomic variants
position

+ ECG
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Sample knowledge graphs: Malik et. al. 2020

Clinical Note-1: (CN1)
“Caucasian male with no history of cerebrovascular disease was presented. He was identified with 2 mm middle cerebral artery (MCA) aneurysm.
Also, diagnosed with hypertension and heart disease. ™

Clinical Note-2: (CN2)

“An African American female arrived with dizziness and diagnosed with 14 mm middle cerebral artery (MCA).

sl

(= | D)

=== Taxonomic Relationship

@
!
Q

Association CN1 w4 Non-Taxonomic Relationship

2 o
PS’OA& P (.; . Inferred Relationship
) s > (based on Rule)
o° & %
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o \2 =P Statistical Relationship
Q o°7 g %
e Heart Di s < % Enrichments
eart Disease
F J
f 0‘0’9 &’
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Fig. 3. An excerpt/sub-graph of saccular aneurysm KG of middle cerebral artery defining IA risk factors based on two clinical texts.

. opr . . il
Malik, K. M., Krishnamurthy, M., Alobaidi, M., Hussain, M., Alam, F., & Malik, G. (2020). Automated domain-specific healthcare knowledge graph curation framework: Subarachnoi
al ’ - " rls 7 "y ’ " ’ " ’ " ’

hemorrhage as phenotype. Expert Systems with Applications, 145, 113120.
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Unruptured IA: 51 "core" common data elements / 1254

Age value, Birth date, Birth sex assigned type, Body system category, Race USA category, Sex genotype
type, Ethnicity USA category, Gender identity type, Gender type,

Aneurysm diameter maximum measurement, Aneurysm height measurement, Aneurysm morphology type,

Aneurysm width measurement,

Hypertension indicator,

Tobacco current use indicator, Tobacco prior use indicator, Tobacco use started age value, Tobacco use

stopped age value,

World Federation of Neurological Surgeons (WFNS) - grading system subarachnoid hemorrhage scale
Behavioral history assessment date and time,

Biospecimen collection other text, Biospecimen collection type,

Cerebrospinal fluid collection anatomic site, Cerebrospinal fluid collection anatomic site other text,
Cerebrospinal fluid collection method other text, Cerebrospinal fluid collection method type,

Data collected date and time, Data source,

History data not obtained reason,

Imaging modality other text, Imaging modality type, Imaging modality vessel imaging angiography type,
Imaging vessel angiography arterial anatomic site, Imaging vessel angiography arterial result,

Intervention endovascular status, Intervention surgical status, Lab specimen collection date and time,

Medical history condition SNOMED CT code, Medical history condition text, Medical history taken date and

time,

Specimen acquisition anatomical site, Specimen baseline collection indicator, Specimen biologic source type,

Specimen centrifugation duration, Specimen centrifugation revolutions per minute value, Specimen
centrifugation temperature value, Specimen collection tube other text, Specimen collection tube type,
Specimen not collected reason, Specimen storage temperature value, Specimen time collection process

interval,
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Collaborators, Affiliations + expand

PMID:
D: 31087257 DOI: 10.1 007/312028—019-00723—6

_—

v Large community effort

v Consensual definitions

Flat list of terms

No recommendation
data structures



Future works



Wrap up & next steps

> Include familial relations to query

» GGather consensual expert -
P |A familial forms

knowledge with

m ional Ontologies
computational O &l > Share and enrich data models

» Knowledge Graphs are with international initiatives

"machine-processable’

. | Further develop predictive
» Link with

Knowledge Graphs

approaches (rupture risk

Future works
\ 4

prediction)

» Query multi-source data
» Develop a national data hub on

intracranial aneurysms (France
2030 PEPR Santé Numérique
funding)

CGCGTL

? i 'ﬁ‘
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Ruptured IA Age category BMI category ICA size category

giant
middle
ruptureRisk
small
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Familial history IA location Multiple 1A
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Hypertension Headaches Dyslipidemia Ischemic stroke history
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Ischemic heart disease history Statin treatment Platelet aggregation inhibiting treatment Hormone therapy treatment
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