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Diagnostic challenge in rare diseases

Z

Increasing numbers =

[ A (very) large knowledge ] [ of discoveries .

- There are more than 10000 rare diseases 2022 JankeblMan | Aee | ey Jun §

. A geneticist only has 1 brain New 54 38 41 53 48 39 =

Updated 422 257 531 415 310 380 =

thies 1 apathies =

\_'\r\\<er0pO .~ Citiopd Jul Aug Sep Oct Nov Dec =

, \ Familial 20 42 32 37 46 37 =

\(~\ (< . -—

O mediterranean =

\/\5\)0& é fover 415 449 316 411 306 334 =

22112 Vl/////om OMIM.org =
gyndrome
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Physicians needs computer helps since long time...

i 4 3 3 X2 a8 o
Back © .-+ Peosd Home Seach Gude Pt Secuy . ? &

T $Bockmake Locoion s et o
T [ et CF Lookup [ NewtCool

back home -

Clinical geneticists were early
P
adopters of software as clinical e e :

M3louf (1985) - card omyopathy, hypogonadism

Malpuech (1983) - MR, growth failure, clefing, urogenital ancmabes

e o MANT |
I I n r M3NARUIo-acral dySPIasia
Mandibulofacial aysoslosis (Possdle X anked recassme)

Mandibulofacial Sysostosis®
MENQano (19089) - macrosomia, mental relatgaton

“For precision medicine human and artificial

Fosture Sowch | Syrchame it | KoywerdSowch | SeachRolences | ShowNatpad | Hob | I

intelligence need to join efforts.” (Peter Krawitz) Select Syndrome e

B

@ 4

Fig. 1 Syndrome list search scrcen
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Physicians : how we used to do

Physicians select a
targeted sequencing
analysis according to

their knowledge

“Phenotype - first”

1. Recognition of "gestalt" ‘ 3. DNA analysis/sequencing :
and 2. association of symptoms: "genotype"

"phenotype"

MONTPELLIER

Which rare diseases do | think ? (precise query)
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Physicians : today in the genomic medicine era

Look into the complete
genome to identify
variants that causes
patient’s disease:
precision medicine

“Genotype - first”

1. Recognition of "gestalt" _ 3. DNA analysis/sequencing :
and 2. association of symptoms: "genotype"

"phenotype"

MONTPELLIER

Which indication do | choose when | prescribe ? (large query)
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The need for computational phenotype analysis

Phenotyping: Phenotypic abnormality

Physicians identification of

characteristics deviating Abnormality of limbs .

from normal morphology, Computational

physiology, and behavior Abnormality of the upper limb phenotype
analysis :

Ontology : Abnormality of the hand Identification of

Standardized symptom diagnostic hypothesis,
terms linked according to Abnormality of finger clinically relevant

the human development groups of patients, ...

architecture

Abnormal 5th finger morphology

N
N T T T T T AT TR

A common language between human and machine
is necessary for computer support (for now)

MONTPELLIER
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Very heterogeneous and sparse phenotyping practices...

* Phenotypes described in a cohort of
1686 patients

* 47% of HPO terms declared only
once

Three clinical reports described by
12 physicians

Physicians phenotyping diversity
explains the observed
heterogeneity

N
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Clinical reports phenotyped by 12 physicians

™ > ,\',‘l/
Number of symptoms declared per description MONTPELLIER
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The clinical data pipeline for genomic analysis

PDF Clinical

PNG data
TXT warehouse
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The clinical data pipeline for genomic analysis

PDF Clinical
— — | X | eng
Q_’[j p— TXT Wwarehouse

Extract data Transform data Exploit data
Data access Ontology terms Ontology to variant
Optical character extraction (HPO, prioritization

recognition (OCR) OMORP...) and more...
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The clinical data pipeline for genomic analysis

I —

WORK IN PROGRESS

Extract data

Data access
Optical character
recognition (OCR)

L

e e conndes deSané o Languedoc

-

Transform data

Ontology terms
extraction (HPO,
OMORP...)

~

Exploit data

Ontology to variant
prioritization
and more...

W\
OO T R T T e

MONTPELLIER




IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIlIIIlIIIIlIIlIIlIIlII|IIlIIIIIIIIIIIIllIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlII|IIIIIIIIIIIIIIIIIIIIIIIII//,////
,

Challenges in data extraction and sharing

1. Tous les outils d'analyse phénotypique computationnelle et

d'extractions de termes d’'ontologie n'utilisent que 'anglais comme
langue.

2. Il esttres difficile d'obtenir des médecins des descriptions cliniques
en termes de HPO

3. Difficile de partager des informations cliniques anonymes avec
d'autres médecins dans le monde entier (GeneMatcher)

/
Z
-
-
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What we dream to improve clinical data extraction and sharing

Pas de marche

& 25 mois,

absence de
langage

Vous avez une
maladie rare
inconnue...

Partager a la
communauté ?

“Enzo DUPONT”
“né le 10/12/2021”
“mesure 75cm (-2DS)”
“retard psychomoteur”

Traduire, Anonymiser et Résumer les rapports médicaux

ITraduire

II. Anonymiser

[II. Résumeren
format HPO

“Enzo DUPONT”

":{>“born in 10/12/2021"

“measures 75cm (-2DS)”

“global developmental
delay”

“CAS INDEX”
“born in *DATE*

“measures 75cm (-2SD)
“global developmental

delay”

“HP:0001263:
Short stature”
“HP:0004322: Global

developmental delay”

N
N
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Let's try!

Traduire, Anonymiser et Résumer les rapports médicaux

[II. Résumer en

I. Traduire II. Anonymiser format HPO
N 2
S
I
I >
Développer les abréviations Une liste de termes PHI francais

. a rendre anonymes
Traduction avec OpenNMT

Une liste de termes cliniques a

Correction des erreurs ne pas anonymiser
courantes
Anonymiser
OpenNMT: microsoft/presidio "
: 3 ClinPhen (|

OPen.source Toolkit for Neural Machine Translation Context aware, pluggable and customizable data .
protection and de-identification SDK for text and

images



Résultats sur 50 courriers

1. ClinFly identifie les PHI et gere la protection des données

de santé, atteignant:
e Recall rate of 99%

e Precisionrate of 77%

449 PHI

6 FN PHI
- 3 noms de jeune fille

- 3 territoires francgais

» 133 FP PHI Lucas
- 9 non-PHI diagnostic/motif Gauthier
vy - 55 non-PHI symptémes CHU
w4 Pl emenyinmles - 69 non-PHI cliniquement Lyon

- 51 PHI de localisation
- 231 PHI temporel
- 166 PHI de personnes

peu pertinent




Résultats sur 50 courriers

2. Les performances de ClinFly pour le 28 EmES [IAY) e (]

résumeé d'un rapport médical par le N

format HPO : |
20 FP high confidence
-10 nég.atifs

e Precision of 92% ;ﬁ?r:lil::;

e Maintained an average of 4.5 HPO > |

terms per report = 49% recall 130 EP low confidence
- 14 erreur propre a l'outil
- 83 négatifs
- 31 familiaux
- 2 pronostic
A 4

332 termes HPO extraits
- 207 high confidence
- 125 low confidence




Graphical interface and command line

Graphical User Interface

For single report usage with interactive analysis, ClinFly provides a web application accessible at
https://huggingface.co/spaces/kyauy/ClinFly.

To run the Streamlit application on your local computer, activate the poetry shell and run the clinfly_app_st.py
file:

poetry shell =
streamlit run clinfly_app_st.py

Command Line Interface

For processing multiple reports with offline options, use the command line interface provided by
clinfly_app_cli.py .

The input should be a TSV .txt file structured as follows (see data/test.tsv for an example):

Report_id_1 Doe John Report text Lg

Report_id_X Doe John Report text

Outputs will be placed in the results folder according to the file extension, using first three columns in filename.

« The deidentify report will be generated and placed in the results/Reports folder.
» Three HPO extraction outputs will be generated in Tsv, TXT and Json folders.

To run the CLI application on your local computer :

poetry shell 1=
<python running version> clinfly_app_cli.py ——file <input txt file with the reports> --languag

’\L/\ -

ClinFly

Enody
Gernet
CHU

Montpellier
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The clinical data pipeline for genomic analysis

4 )

I —

WORK IN PROGRESS

Extract data Transform data Exploit data
Data access Ontology terms Ontology to variant
Optical character extraction (HPO, prioritization

recognition (OCR) OMORP...) and more...
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PROBLEM Heterogeneity of clinical descriptions between physicians,
which cannot be captured by the HPO ontology

;18 month old child
. not able to walk

™
. g 1_\;_/
X [

' ) ¢ no relation between
y a 4 0 the symptoms in
N ¢ Nervoussystem 0 Human Phenotype
abnormality classJ 43— abnormality class Ontology using
’, ) () Resnik's algorithm
e -
| ) : f
' Hypotonia ‘ ':ubs':g;r?:': s S Motor delay

19



SOLUTION Learning phenotypic similarity using a knowledge graph

e
C based on gene-HPO associations

Abnormal
muscle tone

829 genes
in common

1739 genes
in common

in common

768 genes
in common




Multiple ways to describe patients

Child at 18 months
not able to walk

Nervous system

abnormality class

768 genes
in common

Musculoskeletal
abnormality class

1739 genes
in common

Physicians acquire intricate cognitive frameworks to solve diagnostic problems

— Link between symptoms are very different from Human Phenotype Ontology structure

21



Inductive reasoning

il L (HP:0000252) Disease /Phenotypic
patterns | know

+ . Delayed ability to walk A
‘ | (HP0031936) |

Intellectual deficiency
(HP:0031936)

- . Microcephaly |

Shin. J Med Educ 2019

22



Inductive reasoning... through modeling

- Superhero

U5 - NETFLIX
- Robert . A il
il Recommendation

algorithms are
really efficient

- Child

- Anime

- UK

- Animals

23



Apply inductive reasoning in symptom-gene
associations

[ Unstructured data ] [ Structured databases ]
——————————————————————————— T—————————————————————————T——————————ﬂ
P . Merge all HPO-gene association |
lasti rch * | .
S elasticsearch * | available | HP.0000006
| | Probability
“““““ e ey 1] R
C‘ Nzniona} | A i I I - _\\‘ I
3 gmer 1 XAy orphanet | (27 |
NCBI Information | | | [T |
| |
0 0 05
HPO1 HP02 HPO3 .. .. .. HPI5785

Genel 093 041 0 . . .. 0 Building a symptom-gene
Gene 2 0 021 032 .. .. .. 042 association matrix
with ~16000 symptoms

Gene4531 | (.11 0.27 042 .. .. .. 042



Symptom-gene graph

Retrieving Symptom-gene associations with graphs

390 groups of symptoms
(n=43,308, 10% of symptom-group
associations)

5,971,755 pairs of symptoms

3,222,053 additional NMF-based
symptom-gene associations

« “only” 2% cohort symptom-gene
association missing !

25



An example: Autoimmunity group

Uvéitis ®
{ ]

Sterile arthritis

é Rheumatoid factor positive

®
Premature osteoarthritis

@® Autoimmune hemolytic anem‘ig
Neutropenia in presence of anti-neutropil antibodies  sacroiliac arthritis °
[ ]
Autoimmune antibody positivity PY

Juvenile rheumatoid arthritis

®
Antinuclear antibody positivity

Arthritis Autoimimunity Maternal autoimmune disease
Gout 7 ®
7 o
i . ) ° L4 ; ® °
i . MC“n Sumptom : 4 - ® o] '\ Hemolytic anemia
. AUtO| mmu r]ltg Antipho"spholipid~antibody‘positivity ° ® Cervical spondylosis
. Polyartiular arthritis ® )
® 99 H POS | nC' Ud ed ° Impaired antigensspecific response ® o
: o Antineytrophil antibody positivit

* 14 dlfferent HPO b ha“'!‘atTi‘é,a’t:“itif f. i antits : "efu:::)mm:ne t:r:n':::cy;):enia

ClOSSGS ecreased circ geeos:ecc ody ) J °

. [ ]

» 545 genes associated it o

to the grOUp ® e Systemic lupusierythematosus

@

26
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Cumulative empirical distribution
%

2

%

Performance on 4 cohorts (1686 patients)

Outperforming 2022 state-of-the-art ranking methods

tool

- cada
pg_original
phen2gene

== phenoapt

== phrank

Rank of diagnostic gene

Cumulative empirical distribution

)
S

A
>

% 2s

%

% X 2, O

%

French multicentric cohort Peng et al.
e
— =]
e
" = pos— et
7,—4"_"_’
——
=
= —
_
Seo et al. Trujillano et al.
U
e
r ——
il /_,J—’J_Hf— r o =
- o
i =

0 M J ) Q
v 9 A O

Rank of diagnostic gene

< i S
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% of patients
04

95

Performance on 4 cohorts (1686 patients)

A way better semantic similarity using disease and not ontology architecture

Tool name

—5. CADA

= 1. PhenoGenius
2. PhenoApt

— 3. Phen2Gene

—4. LIRICAL

=< 5 terms

> 5 terms

B N \90 Q ~
Causal diagnostic gene rank under...

0

Median diagnostic rank =< 5 terms :
PhenoGenius : 37
Phen2Gene (best competitor): 78

% of cohort with <=5 terms: /7 —=

50% (853/1686) ﬁ
) Y

S

/7))

28



Use phenotypes as phenomics

Three clinical reports described by 12 physicians

7.5

UMAP Dimension 2

75

Gene(s)
e C3

EHMT1
e KMT2D

10 125 15
UMAP Dimension 1

UMAP Dimension 2

Cohort : 5 most frequent diagnostic genes

-5

0
UMAP Dimension 1

-> Vectorial projection available for all patients

5

L

L]

Gene(s)
» ABCC6

ANKRD11
ARID1B
e BLM
e NSD1




UMAP Dimension 2

|ICohort phenomics projection

o
(-1/. : Loane }
N {PIK3CDPCLS) (PIK3CDk36D)
CTUAZE] {NLPJKBCD . .
PIK3CD|
3CD) , :
- — {PIK3CD
Q \AIRE % =1=r\ o (ﬂ‘ﬁPIKBCD‘ ° o0 \ / -
N N BPREIQJLRP?’ p3 * ; ~ o
{NLRPSP™——"" ey : ° g0 - IPI)*PlKSCD’ PIKaCD, h
‘‘N®sBale ° ° 3 o * L PTRSCD |
(N{NLRP3 oo *e T PIK3CDIP) faa—= (PIK3GDED
*(NLRP3) PIK3CD] L—e y J
) 5 (PIK3CD™ e {PIK3CD)
/\"? o® ° LLNLRPS} N ‘
& immun *f]AIRE—a[ e A”AlREl
\.4Cure AR
———
P ° v

UMAP Dimension 1
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Clinical data as Phen-Omics, an omic type among others
A 5to 10 years vision ?

immun
Cure

Inference &

— Multi-omics analysis using structured data
immunology

Generative Al to structure clinical clinical
data applications
Séqu:ens;age . . .
e Multimodal embeddings into vector database Chat Agents
using LLM

Patient avec
une maladie

artographie! | 8 [T B TN
Cios Enitopes - e el stratification
wrangling to [ [ ] o

Modélisation
digitale

structured text - e Y
or imaging B o - (o (‘v
_d (oo o (@)
\ N INTy | INTy [ INT3 e L‘N/




Thanks for your
attention!

kyauy/ClinFly
kyauy/PhenoGenius

: kevin.yauy@chu-montpellier.fr
X : @KevinYauy
in : kyauy

Warm thanks to all contributors
and collaborators!

lllllllllll W CHU Montpellier: Bioinformatics & Data

", @o CHU science team
| + CHU Grenoble Alpes




