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Clinical Data Warehouse

Electronic Health Record Clinical Data Warehouse

(EHR) (CDW)
Diagnosis
Clinical items 1y Standardized format
Billing codes Queryable
Biology (lab)

Nurse transmission
Imaging reports
Pathology reports
Drug prescription Biobank Radiotherapy

Chemotherapy




Clinical Data Warehouse at HEGP

EHR concepts 176,524,243
Biology (Laboratory) 155,173,140
Billing (disease) codes 4,846,602
Rx prescription 91,251,062

Pathology codes 1,434,803

- Unstructured data: transformation is needed before reuse






Pourquoi les entrepots ?

Données de “vraie vie”

— Populations différentes des essais cliniques
— Populations agées ou pédiatriques

— Des problemes complexes et combinés
Des données exhaustives

— Nombreuses modalités

— Contextualisées

Granularité fine



Cas d’'usage : Phénotypage a haut
débit

Research Open Access

Next generation phenotyping using narrative
reports in a rare disease clinical data warehouse
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Cas d’'usage : Phénotypage a haut débit

Data warehouse

417,000 patients
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For each patient
of the DWH
UMLS Metathesaurus
French terms
Health records
Concepts extraction
UMLS Concepts Context Certainty Frequency
— Lupus Patient 1 3
— Anemia Patient -1 2
> Renal Insufficiency Fainil; 1 1
— Fever Patient 1 5

Next generation phenotyping using narrative reports in a rare disease clinical data
warehouse. Garcelon et al. Orphanet Journal of Rare Diseases




Cas d’'usage : Phénotypage a haut débit

Dr WareHouse “=ae=e

Entreptt de données

Rechercher des patients B Résultat | @ Dornéesstat gy ots  hPHSI & Bioogi
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- i 803 Documents
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+ Ajouter un filtre Full text
= Ajouber un filbre structuré
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encephalopathie
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Next generation phenotyping using narrative reports in a rare disease clinical data
warehouse. Garcelon et al. Orphanet Journal of Rare Diseases
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Cas d’usage : PheWAS

PheWAS: demonstrating the feasibility of a

Bioinformatics phenome-wide scan to discover gene—disease

associations &

Joshua C. Denny &, Marylyn D. Ritchie, Melissa A. Basford, Jill M. Pulley, Lisa Bastarache,
Kristin Brown-Gentry, Deede Wang, Dan R. Masys, Dan M. Roden, Dana C. Crawford

Article history »

i] Genome Wide Association Study
(1 Phenotype compared to ALL SNPs)

cases controls
(ex: systemic sclerosis)

J"!,( v; I\ Jy!' 1’}‘ \, ‘* m
fl Ny ’\\ r'\ (
j’!j‘(‘l,\qgﬁj‘xj‘. \" "’)‘ ‘l}’

cases DNA controls DNA

« HLA region (ch 6)

H

-log(P-value)

chromosomes

compare ALL SNPs to find differences between
cases and controls

il Phenome Wide Association Study
(1 SNP compared to ALL Phenotypes)

allele G patients group allele A patients group

allele G patients phenotype allele A patients phenotypéd

N 4

«121 (myocardial infarction)

-log(P-value)

ICD-10 Codes

compare ALL DIAGNOSIS to find differences between

cases and controls

Biainfarmatics, Volume 26, Issue 9, 1 May 2010, Pages 1205-1210,
Volume 26, Issue 9 https://doi.org/10.1093/bicinformatics/btql26
1 May 2010 Published: 24 March 2010

McCarthy et al, Nature Reviews
Genetics, 2008 / Denny et al,
Bioinformatics 2010



Cas d’usage : PheWAS

Phenome-Wide Association Studies on a Quantitative Trait:
Application to TPMT Enzyme Activity and Thiopurine
Therapy in Pharmacogenomics

Antoine Neuraz, Laurent Chouchana, Georgia Malamut, Christine Le Beller, Denis Roche, Philippe Beaune, Patrice Degoulet,
Anita Burgun, Marie-Anne Loriot, Paul Avillach
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Disease codes by groups



Cas d’usage : Etudes cliniques diverses

Contents listz available at ScienceDirect

Journal of Biomedical Informatics

journal homepage: www.elsevier.com/locate/yjbin

Secondary use of clinical data: The Vanderbilt approach @r“

lpana Danciu ™™, James D. Cowan”, Melissa Basford ®, Xiaoming Wang”, Alexander Saip
Susan Osgood °, Jana Shirey-Rice *, Jacqueline Kirby“, Paul A. Harris™"

Since its inception, the SD has provided
infrastructure and support for various
research projects that resulted in 87
papers published between 2010 and
2013 [21,23,26,27,32-37,39-42,45-115],
with 61 first authors from 18 different
departments




Quelles données dans les entrepots ?

Des données tres hétérogenes

e Structurées
—E.g.:
* Code diagnostics
* Code de procédures meédicales

* Non-structurées
— Textes narratifs cliniques (comptes rendus)
— Imagerie



Les trésors textuels

80 ¢
90

Adhritis, Juvenile

Disbetes Melitus, Type 1

Hepatlts, Autoimmune

Lupus Enthematosus, Systemic

Addison Disesse

Sjogren's Syndiome

Graves Disesse

Arthritis, Rheumatoid

Dermatitis Herpetiformis

Thyroidits, Autoimmune

Arthits, Rheumateld (subcinique)

Lupus Erythematosus, Systemic (subglinique)

Multiple Sclerosis

Folyendoginopathiss, Autoimmune

Antiphasphalipid Syndrome

Nyssthenia Gravis

wioy B oo B coxow B

cases, n

de I'information médicale est contenue

uniguement dans les textes libres



Séries temporelles

Horodatage de toutes les données

Sémantique du temps : Saisonnalité
“Sens” de la métadonnées (un dosage biologique a
3h du matin # dosage a 8h)



Génomiques et environnement

Partiellement ou pas encore dans les entrepots,
mais probablement indispensable



Exposome - Trajectoires de vie

entrepots,
indispensable

Partiellemen
mais pro



'anonymat dans les bases médicales
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Anonymat du patient dans le PMSI : quel leurre est-il ? Blum D. EMOIS 2011




Les limites des entrepots; besoin du
retour aux sources

Données incompletes et volatiles

— Besoin de controle
Hétérogene dans la qualité

Contexte pour la validation et compléter
I'information

Biais induits par les algorithmes d’extractions



Vers une recherche translationnelle

ﬁ Data

Clinical care

U

o

Research

—

Actionable Results



Vers une recherche translationnelle

* Porosité croissante entre soin et recherche
 Découvertes fortuites
* Evolution des connaissances

— Données figées, mais amélioration des savoirs

 Maladies rares et essais thérapeutiques
— Médecine de précision
— Stratification des cohortes



A5 The NEW ENGLAND

Pe 'S peCt | Ve ) JOURNAL of MEDICINE
Evidence-Based Medicine in the EMR Era

Jennifer Frankovich, M.D., Christopher A. Longhurst, M.D., and Scott M. Sutherland, M.D.

Results of Electronic Search of Patient Medical Records (for a Cohort of 98 Pediatric Patients with Lupus) Focused

on Risk Factors for Thrombosis Relevant to Our 13-Year-Old Patient with Systemic Lupus Erythematosus.*

Keywords Used to Conduct Prevalence Relative Risk
QOutcome or Risk Factor Expedited Electronic Search of Thrombosis (95% ClI)
no. ftotal no (96)
Outcome — thrombosis “Thrombus,” “Thrombosis,” 10/98 (10) Mot applicable
“Blood clot”
Thrombosis risk factor
Heavy proteinuria (>2.5 g per deciliter)
Present at any time “Nephrosis,” "Nephrotic,” 8/36 (22) 7.8 (1.7-50)
“Proteinuria”
Present >60 days “Urine protein” 7/23 (30) 14.7 (3.3-96)
Pancreatitis “Pancreatitis," “Lipase” 5/8 (63) 11.8 (3.8-27)
Antiphospholipid antibodies “Aspirin” 6/51 (12) 1.0 (0.3-3.7)

« We made the decision on the basis of the best data available »
« in the light of experience as guided by intelligence. »



Découvertes fortuites et
incidentalomes

Natural language processing of radiology reports
for the detection of thromboembolic diseases and

clinically relevant incidental findings
Anne-Dominique Pham T, Aurélie Névéol T, Thomas Lavergne, Daisuke Yasunaga, Olivier Clément,

BMC Bioinformatics

Guy Meyer, Rémy Morello and Anita Burgun

https://doi.org/10.1186/1471-2105-15-266
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https://doi.org/10.1186/1471-2105-15-266
https://doi.org/10.1186/1471-2105-15-266
https://doi.org/10.1186/1471-2105-15-266
https://doi.org/10.1186/1471-2105-15-266
https://doi.org/10.1186/1471-2105-15-266
https://doi.org/10.1186/1471-2105-15-266

Journal of BEwmedical Informatics 7

2017 531-61

Contents lists available at ScienceDirect

Journal of Biomedical Informatics

journal homepage: www.alsevier.com/locate/yjbin

Finding patients using similarity measures in a rare diseases-oriented
clinical data warehouse: Dr. Warehouse and the needle in the needle

stack

Nicolas Garcelon *™“*, Antoine Neuraz “°, Vincent Benoit

. Rémi Salomon ***, Sven Kracker *"™,

@ Crosehdark

Felipe Suarez "¢, Nadia Bahi-Buisson *"", Smail Hadj-Rabia *"*, Alain Fischer ****!, Arnold Munnich =™,
Anita Burgun =°

Health records

Concepts extraction

Index patient
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Mas damandes | Outils | Contect |

Patient F,
47 ans

Documents  Biologie  Timeline Parcours Cohorte  Concepts  Similarité

Umiter aux patients avec ces termes dans les comptes rendus:

Exclure (05 patents avec ces termes dans |es comptes randus @ cadd sgans
Exclure certains codes UMLS pour le calcul de similarité (Pour évaluation) :
Nb minimum de concepls gar patient : %
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Exclure cette cohorte des réndtats ; :
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Anonymiser les données ?

Besoin de pouvoir retourner :
* Au patient
* Ason dossier

Données profondément identifiantes (souvent
indirectement)

Equité devant les méthodes d’anonymisation ?

* Pseudonymisation (quelles données
d’entrainement)



Anonymiser les données ?

Besoin de pouvoir retourner :
* Au patient
* Ason dossier

Données profondément identifiantes (souvent
indirectement)

Equité devant les méthodes d’anonymisation ?

* Pseudonymisation (quelles données

d’entrainement
) Difficile de garantir un

résultat absolu



Comment protéger les données ?

* Controles techniques, organisationnels, et
réglementaires

* Les données restent sur le lieux de génération

* Les actions sur les données sont journalisées



Moyens techniques

CLINICAL ENTERPRISE /_\ RESEARCH ENTERPRISE TOOLS

INFORMATICS METHODS RECORD
DEVELOPMENT

COUNTER

*®

‘\

SD\
feocap

RD
I\SUBJECT -~
OCATOR

RESEARCH DATA WAREHOUSE

Secondary use of clinical data: The Vanderbilt approach. Journal of Biomedical
Informatifs. Danciu et al. 2014




Moyens organisationnels

DrWarehouse [Ex) Q HEGP; AP-HP

— i2b2

e Refus de participations, suppression des
données

* Textes dé-identifiés (recherche par les noms et
prénoms d’un patient impossible)

* Profils selon les utilisateurs
— Médecins du service de prise en charge
— Autres utilisateurs



Moyens organisationnels
fREDCap

lds)"

nat (Excel/CSV, 5AS, SPS5, R, Stata) and if you wish to perform de-identification

De-identification options (optional)

The options below allow you to limit the amount of sensitive information
Basic Rights ‘7 that you are exporting out of the project. Check all that apply.

> Project Design and Setup Known Identifiers:

|:| Remove all tageed |dentifier fields (tagged in Data Dictionary)

j Manage Survey Paficipants  [&
. |:| Hash the Record ID field (conwerts record name to an unrecognizable value)
Calendar pr
L:_al Data Export Tool Free-form text:

L] |:| Rernove unvalidated Text fields (i.e. Text fields other than dates, numbers, etc)

[ remove MWotes/Essay box fields

Date and datetime fields:
|:| Rermove all date and datetime fields
— OR —

[ shift all dates by walue between 0 and 364 days
[shifted amount determined by algorithm for each record) What is date shifting?

Deselect all options




Movyens réglementaires : circuits
d’acces aux données
Mise a

Investigateur disposition des Informaticien
données

Protocole
scientifique

Comité

. Extraction de
d'éthique local —— ,
(|RB) autarise donnees

LS journalisation




Renforcer les aspects de formation et
responsabilité des acteurs

Exemple : acces a la base MIMIC I

Required Modulbes

Date Completed Score

VD
Balmont Réport and s Pringiples (106 1127) Incomplite (%)
D
History and Ethics of Human Subjects Research (1D 498) Incomplite (%)
[0
Basic Institutional Review Board (IRB) Regulations and Review Process (ID: 2) Incampléte (0%)
D
Records-Based Research (I0: 5) Incomplate (%)
[T
Genetic Research in Human Papulations (10 &) Incamplete (0%)
D
Populations in Research Requiring Additional Considerations andror Protections (I0: 16680) Incomplete (%)
[T
Research and HIPAA F'rll..-acy Protections (10; 14) Incomplete %)
F ; w0
Conflicts of Interest in Human Subjects Research (ID: 17464) Incomplete (0%)
[T
Massachusetts Institute of Technology (ID: 1290) Incamplete

(056}



Challenges

Patients partenaires

* Mieux impliquer

* Fournisseurs de données (M.J. Fox Foundation,
associations de parents...)

Expérience du CARPEM (Site intégré de rech.sur le
cancer de |I'Univ. Paris Descartes)

 Comité des patients
— Population générale et population en situation de maladie

Partage des données, SNDS, Health Data Hub...



JAMA Internal Medicine

Public Preferences About Secondary Uses of

Electronic Health Information 4
David Grande, MD, MPA™Z: Nandita Mitra, PhD? Anand Shah, MD, MSHP*: Fei Wan, M5% David A. Asch, MD,

racalls

Willingness to share data (1: low, 10: high)

Eespondent Willingness to Share Personal Health Information by Conjomt Scenario (unadjusted means)

Sensitivity

Low
High
Low
High
Low

High

Conjoint Scenario

Use

Research
Research
Research
Research
Research
Research

User Overall

University Hospital  6.82
University Hospital 6.72
Drug Company 5.90
Drug Company 5.86
Public Health Dept.  6.10
Public Health Dept.  6.18

Willing:

High sensitivity
University Hospital
Research

Willingness 6. 72

5.71 502 504 0.84
5.79 5.79 500 0.86
623 6.14 6.06 0.84
6.07 6.12 622 0.84



JAMA Internal Medicine

Public Preferences About Secondary Uses of

Electronic Health Information
David Grande, MD, MPA'Z; Nandita Mitra, PhD?; Anand Shah, MD, MSHP* Fei Wan, MS* David A.Asch, MD,

MBAT 22

. IMIR

Publications

The Leading eHealth Publisher

Patient Perspectives on Sharing Anonymized Personal Health
Data Using a Digital System for Dynamic Consent and
Research Feedback: A Qualitative Study

Karen Epencer'”, PhO ; Caroline EEIHEIEIEE'}, PhD ; Edogar M’u’hitleﬁ PhD ; David LIJnd4, PhO ; lane Ka-_.re5, PhD

William Gregory Dixon"8/, MRCP(UK), PhD

JAMA Internal Medicine

Secondary Use of Health Information
Are We Asking the Right Question?

Isaac S. Kohane, MD, PhD’
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