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HEGP Background

Location

e Paris 15th district

Within AP-HP

« HEGP is the most recent acute
care hospital within the 37 AP-HP
hospitals

* HEGP meets the needs of the
600, 000 inhabitants of the Paris
south-west
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HEGP Background Opening : July 2000-
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HEGP Background Transportation system: tubes and suitcases

Vacuum tubes Suitcases (Clinical units,
(Intensive care, ancillary departments,
operating rooms) medical archives

Hidden in false ceilings
different models of
suitcases, simples or

upholstered, transport. ..

... mail or paper
documents as well as
biological samples to the
laboratories




HEGP Background Transportation system: robots
(meals, clothing, etc.)




HEGP background Shared Biobank (2008-)




HEGP Cardiovascular Translational

HEGP Back
GP Background Research Center (September 2009-)
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Structures

HEGP hospital

Biobank

Translational research building

Information system
ADT, EHR, CPOE, Appoint.
CDW (i2b2)

CDW (i2b2+tranSMART)

IT committees

IT Governance/IT committee
Ethical/research committee
Institution Review Board (IRB» |

)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013




HEGP Background Main figures (2013)

No
Number of active beds (Inpatient + One day care) 800
Number of operating rooms 24
Total number of employees 3 100
- Nb. of physicians (FTE) 400
Mean number of inpatient admissions/month 4 600
One day hospital care (% of admissions) 61%
Number outpatients visits/month 21 000
Nb. visits at the emergency department/day 130
Nb. PC/light terminals 2 600
Nb. wireless portables computers 200

Nb. simultaneous users (at 11:00 am) 1 200




HEGP HIS Sub-systems

ecision support system

HEGP
»Opale —+ oAy _ CDW
............ Qe Quahty PP TP X
- Research < i2b2 &g~

EAI platform
Clinical information Logistics
systemt (C15) information system
- ID-ADT Purchasi
_EHR - Purchasing
- Provider Order Entry - Ps:rsonpel management
- Appointment scheduling - Fiancing
/ - PACS
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AG FA @. Empowering Healthcare



HEGP CIS Use of the provider order entry functions

2002 2003 2005 2013
Laboratory orders
- Direct entry by physicians 65% 73% 96% 95%
Imaging orders
- Direct entry by physicians 57% 65% 68% 70%
Drug orders*
-Direct entry by physicians 100% 100% 100%

* 35% of beds 1n 2003 and 85% of beds in 2013




HEGP CDW Why : Objectives

1. EHR driven research (EHR data reuse)
— Patient selection for CR studies (e.g., EHR4CR)
— In-silico evaluation of clinical decision rules

— Phenotypic augmentation (e.g., reuse of EHR data to feed a CR
study)

2. Genotype/Phenotype integration
— Biomarker research (e.g., GeWAS/PheWAS studies)

— Personalized medicine

Prokosch HU, Ganslandt T. Perspectives for medical informatics. Reusing the electronic medical record for

clinical research. Methods Inf Med. 2009; 48(1): 38-44.

Kohane IS. Using electronic health records to drive discovery in disease genomics. Nat Rev Genet. 2011;
12(6): 417-28.

Jensen PB, Jensen LJ, Brunak S. Mining electronic health records: towards better research applications and
clinical care. Nat Rev Genet. 2012; 13(6): 395-405.



HEGP CDW Access rights

Type 1 studies : aggregated data (e.g. potential trial
recruitment)
» Free access for all HEGP health professionals

Type 2 studies :anonymized patient data
» Structured written project
» Validation by the HEGP ethical/research committee
» Transmission to the regional IRB committee

Type 3 studies : de-anonymized patient data
» Written project
» Patient consent
» Validation by the regional IRB committee



HEGP CDW How : EHR/CDW integration

Production environment Evaluation/Research environment

I N
- N

ETL suite (Talend Open Studio)
/L N\

@ O A\ o

o) gglf,-o:n al —_— EHR : - | Clinical Data External
5 Mirrored Warehouse Databases
Database

cDw)

i2b2/tranSMART tools
Business Object

.. DataAnalysis | IBM Ilog Rules
Data Mining

Real time requests-..




HEGP CDW EHR/CDW integration : concept dimension

ETL tools
CIS Reference manager > [2B2 Concept dimension

=[5} Ontology =] ontology
5 BIOLOGIE =[5 BIOLOGIE F
=5 am1o =5 amio
=5 Chapitre A mE R

ﬁ Actinomycose

5] Amibiase

ﬁ Autres anthropozoonoses bactériennes, non classée
=5 Autres encéphalites virales, non classées ailleurs
115 (AB5) ENCEPHALITES VIRALES, NCA

" .5 (AB50) ENCEPHALITE A ENTEROVIRUS

ﬁ Demographics

#-[5] Diagnoses

ﬁ Laboratory Tests

=131 MEDICAMENTS

#{51 ($) SANS CLASSE THERAPEUTIQUE
=17 (A) VOIES DIGESTIVES ET METABOLISME "l
=13 (AD1) PREPARATIONS STOMATOLOGIQUES

=7 (A01A) PREPARATIONS STOMATOLOGIQUES

=11 (A01AA) MEDICAMENTS PROPHYLACTIQUES ANTICARIES
= {31 (AD1AAD1) SODIUM FLUORURE

" - H](10682) ZYMAFLUOR 0,50MG CPR

-5 (10683) ZYMAFLUOR 0,75MG CPR
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-] (13345) CALCIFLUOR 0,75MG CPR
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=5 Autres infections 4 Chlamydia
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&1 Autres infections intestinales bactériennes

=5 Autres infections virales du systéme nerveux central,
=5 Autres intoxications bactériennes d'origine alimentair
w5 Autres maladies & Chlamydia

E]"ﬁ Autres maladies a spirochétes

~[5] Autres maladies bactériennes

=5 Autres maladies bactériennes, non classées ailleurs

3] Autres maladies dont le mode de transmission est ec
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Data sources mapping to CDW Database model ID e

_ Technological framework

Administration Help desk system

Business intelligence Enterprise content
rellig P Ad-hoc tools
solutions management

HEGP CDW

Data navigation, Business

layers analysis
puunt® =

CIS/CDW

‘ Datamart creation
.
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Zapletal E, Rodon E, Grabar N, Degoulet P. Methodology of integration of a clinical data warehouse with
a clinical information system. Stud Health Technol Inform. 2010, 160 (Pt 1): 193-7.




HEGP CDW EHR/CDW integration : anonymization

— ( ) patient_num = AES_crypt(id) 3
PATIENT birth_date = AES_crypt(dob) | i
d Sox = AES. cryptioe | paTiENT DmENSION
firstname @ 1> girth date
fsihin | - CONCEPT_DIMENSION
dob 3 concept_cd
sex !

STAY |

id ._ encounter_num = AES_crypt(id) 3» VISIT_DIMENSION PROVIDER_DIMENSION
= ‘ encounter_num provider_id
LAB_RESULT

OBSERVATION_FACT

e i patient_num
PRESCRIPTION n_val | t val | encounteranum
- | concept_c

. LAB [RESULT.value | DIAGNOSIS.code | PRESCRIPTIONS.text provider_id
DIAGNOSIS ; oy vl
REPORT ® _@/\ """""""""""""

AES_crypt(AES_decrypt(encounter_num

n_val | t_val / BUSihiss ObjECtS
12b2 /

AES_crypt(AES_decrypt(patient_num)) }’/

N

D) \SQL

patient.id = AES_gecrypt()

Zapletal E, Rodon E, Grabar N, Degoulet P. byt Pty

Methodology of integration of a clinical /

data warehouse with a clinical information authorized authorized
system. Stud Health Technol Inform. 2010; serwith | Lser with

160 (Pt 1) 193-7. permission / permission



CDW content

Dimensions

Patient

Concept
dimension

Observation facts

Categories Numbers

606 524
ICDI10 classification 21 356
Laboratory results classification 8272
Drug classification (ATC) 33612
EHR forms concepts 5950
ICD10 Diagnosis 2 626792
Laboratory results 88 607 301
Drug prescriptions 2612742
EHR forms items 46 506 217

Text reports

1 961 985



HEGP CDW Use

1. EHR driven research (EHR data reuse)
— Patient selection for CR studies (e.g., EHR4CR)
— In silico evaluation of clinical decision rules

— Phenotypic augmentation (e.g., reuse of EHR data to feed a CR
study)

2. Genotype/Phenotype integration
— Biomarker (e.g., GeWas/PheWas studies)

— Personalized medicine

Prokosch HU, Ganslandt T. Perspectives for medical informatics. Reusing the electronic medical record for

clinical research. Methods Inf Med. 2009; 48(1): 38-44.

Kohane IS. Using electronic health records to drive discovery in disease genomics. Nat Rev Genet. 2011;
12(6): 417-28.

Jensen PB, Jensen LJ, Brunak S. Mining electronic health records: towards better research applications and
clinical care. Nat Rev Genet. 2012; 13(6): 395-405.



CIS use In vivo evaluation of decision rules (EHR)

Rate of inappropriate prescriptions
6 alternating 2-month phases: control vs. intervention (Aug. 2006- Aug. 2007)

Physicians Alerting off Alerting on

Yy

J““.'A« N1 £0/ 1£2 20/
Ulliul L1.9/70 10V.0 /0

Senior 20.9% 29.3%

p p=0.88 p=0.01

Total N1 R0/ 1Q QO/. 062 (NS
\UAuEeHY ot 1 o /U L _J e/ /U UJee U \L‘U/

Sellier E et al. Effect of alerts for drug dosage adjustments in
» inpatients with renal insufficiency. JAMIA 2009; 16.:203-10.
HIEIGIP S8




CDW use In-silico evaluation of decision rules (EHR)

Medical/Pharmaceutical validation of drug prescriptions

Data initial source (CIS) =

DxCare physicians' drug prescriptions

DxCare pharmacists’ validation of physicians’ prescriptions
Concepts (CIS/CDW) =

ATC drug classification (n= 33,000 concepts)

Local classification of pharmaceutical validation codes
Observations (CDW) =

drug prescriptions and pharmaceutical validations



CDW use In silico evaluation of decision rules

Domain experts ‘7 Business intelligence analyst
& &4 7))
) .Ifl'} -
business
m’relllgence
suite
Development and optimization of
clinical decision rules for dosage
adjustment of « renal function
dependent » drugs
The dhest Wmm rcow\ CPOE/EMR
Alert system admin

CDW admin
Boussadi A, Caruba T, Zapletal E, Sabatier B, Durieux P, Degoulet P. A clinical data warehouse—
based process for refining medication orders alerts. J Am Med Inform Assoc 2012; 19(5): 782-5



CDW use

Initial set

(CPOE vn)/

In-silico evaluation of decision rules (CDW)

Final set

Suppressed : 45 (16.1%)

\(CPOE Vier)

Modified : 105 (37.5%)

(10 drugs)

(10 drugs)

280 rules

Added : 136 (48.2%)

371 rules

Boussadi A, Caruba T, Zapletal E, Sabatier B, Durieux P, Degoulet P. A clinical data warehouse—
based process for refining medication orders alerts. J Am Med Inform Assoc 2012; 19(5): 782-5



HEGP CDW Applications

1. EHR driven research (EHR data reuse)
— Patient selection for CR studies (e.g., EHR4CR)
— In silico evaluation of clinical decision rules
— Phenotypic augmentation (e.g., reuse of EHR data to feed a CR study)

2. Genotype/Phenotype integration

— Biomarker search
— Genome/Phenome Wide Association Studies (GeWAS/PheWANS)

— Personalized medicine



Biomarkers 1n oncology

TUMORALTISSUE

GENOTYPE PHENOTYPE
Transdription Traduction Expression @
O — ¢ —
RNA Protein Cancerous cells

SNPs microarray

U U

Histology

Immunohisto-
chemistry

<

mMiRNAs
microarray

Gene expression
microarray

Biomolecular Pathology
determination reports

- Feero WG, Guttmacher AE, Collins FS. Genomic medicine--an updated primer. N. Engl. J. Med. 2010 May 27;362(21):2001-11.
- Pasquinelli AE. MicroRNAs and their targets: recognition, regulation and an emerging reciprocal relationship. Nat. Rev. Genet. 2012

Apr;13(4):271-82.




CDW use Pilot Study (i2b2 + transSMART

VOLUME 27 - NUMBER 3% - DECEMBER 10 2009

Analysis of PTEN, BRAF, and EGFR Status in Determining

Benefit From Cetuximab Therapy in Wild-Type KRAS
Metastatic Colon Cancer

Pierre Laurent-Puig, Anne Cayre, Gilles Manceau, Emmanuel Buc, Jean-Baptiste Bachet, Thierry Lecomte,

Philippe Rougier, Astrid Lievre, Bruno Landi, Valérie Boige, Michel Ducreux, Marc Ychou, Fréderic Bibeau,
Olivier Bouché, Julia Reid, Steven Stone, and Frédérique Penault-Llorca

« Laurent-Puig P, Cayre A, Manceau G, Buc E, Bachet J-B, Lecomte T, et al.
Analysis of PTEN, BRAF, and EGFR status in determining benefit from

cetuximab therapy in wild-type KRAS metastatic colon cancer. J. Clin. Oncol.
2009 Dec 10;27(35):5924-30.



HEGP BDW

Health care

Health Information System

DRG

EHR forms

EHR reports ]

Biology

Imaging

Pathology

RXx

ETL once a week

12b2 + tranSMART data sources

Browser and Analysis

tools available
for MD & Pharm

BDW

trnSMART
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HEGP BDW

 Integrated platform to support translational researc

« Initiated by Johnson & Johnson et Recombinant 5 years
ago

* Open-source since January 2012

e Installe at HEGP 1n June, 2012

- tranSMART [Internet]. [cited 2013 Jan 16]. Available from:
http://www.transmartproject.org/

- Szalma S, Koka V, Khasanova T, Perakslis ED. Effective knowledge management in
translational medicine. J Transl Med. 2010; 8:68.



http://www.transmartproject.org/

BDW content

/Federated Applications ™,

Proteomic
Resources

Web Service
Oriented Features

“Omics” data integration

. B
Curation tranSMART
data
Array " ™ JETL T
o Curation Pipeline
Gene Analyst
Expression Reference
Atlas [GEO] i data store
l\—.//]
Store
Reference Content \-,

O O

EFO

Affymiatrix

QU MLSQHEPMEI@

CDISC
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NCBO/

Application

Database
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Legend
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Source Data
Reference

Core App

Core Data Store
Analysis App

r/ Core Applications\

Search Tool

Pipeline |
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/  Scientific

Analysis
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http:I/www.transmartproj?ct.org



*The ontoglogy
dictates how
data is displayed

Ontology within

tranSMART

Define an

Convert data into
ontology-
formatted

specifications

The TranSMART integration

process

*For example,
tab-delimited
text (.txt) files

Transform text
files into the
standard format

*Processes differ
between clinical
data, gene
expression data,
and SNP data

Copy files to i2b2 AT
and DEAPP populate

releavant tables

tables

http://www.transmartproject.org



TranSMART-based Ontology definition Bloiglr

data

Mutations Immunological

detection s SNP analysis

EGFR copy
number

Positive PTEN Cyto

Negative PTEN MBR

Category Code

PTEN Nx

Data Label

Data Value

Concept inexistant dans
une terminologie | et e T LT TS
controlée



1¢b2/TranSMART data integration process

Patient data

Tumoral omics data |

Clinical data Biological data

Integration
Integrated - € Integrated
SNPs data KRAS
”‘m . Cytoscape
o i i PTEN
miRNAs data Integration - ! tranSMART Analysis cfll:ggga P53
- I .'. IOCES a List of candidate genes
i and miRNAS Biological pathways
gl Integrated
Gene expression data I

Vincent Canuel, Paul Avillach 2013



Proof of concept

e R module in tranSMART

e Published figure in JCO

# Kaplan-Meier estimator

06

Fraclionof Pallents

02

1.00

= o

o ~l

o o
| |

Overall Survival
(probability)
=

== \/600E mutation
Nonmutated

12 18 24 30 36 42
Time Since Treatment (months)



HEGP CDW Use

1. EHR driven research (EHR data reuse)
— Patient selection for CR studies (e.g., EHR4CR)

— In silico evaluation of clinical decision rules
— Phenotypic augmentation (e.g., reuse of EHR data to feed a CR study)

2. Genotype/Phenotype integration

— Biomarker search
— Genome/Phenome Wide Association Studies (GeWAS/PheWAS)

— Personalized medicine



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

cases controls

(ex: systemic sclerosis)

cases DNA controls DNA

! K

— u

% « HLA region (ch 6)

o .

3 i

Cl —f— —m = — — -

O T2l .’ o %~ e e

SR 2% P L I T Yot P AR

of cE Easalidlgess

1234567891011 1213141516 1718 19 2021 22 23 XY
chromosomes

compare ALL SNPs to find differences between
cases and controls

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

allele G patients group allele A patients group

{‘-Y_—fGCAAC WACAAC

v v
i

"

allele G patients phenotype allele A patients phenotype

! K

« 121 (myocardial infarction)
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ICD-10 Codes

compare ALL DIAGNOSIS to find differences between

cases and controls




TPMT: activity distribution (genetically dependent trait)

298 Unrelated Adults

>
s
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O o mutant/mutant
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= ¥
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TPMT Activity, Units/ml RBC

Lennard, Therapeutic drug monitoring of antimetabolic cytothoxic drugs, British journal of Clinical
Pharmacology 2001



Low TMTP value after thiopurine administration
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CDW use i2b2 CDW queries (Jan. 2011-Dec. 2012)

avigae orms ] 22

5] (H00-H59) Maladies de I'oeil et de ses annexes
{51 (H60-H95) Maladies de I'oreille et de 'apophyse mastoide
El . (100-199) Maladies de I'appareil circulatoire =Rest e

EJ - (100-102) Rhumatisme articulaire aigu | (126-126) Embolie pulmong

51 (121-121) Infarctus aigu du {|
- ﬁl (105-109) Cardiopathies rhumatismales chroniques

@1 (110-115) Maladies hypertensives "' /v

|$1 (120-125) Cardiopathies ischémiques
i o B N\ Anning Ao naitring

Group 1 X F
Dates | Occurs >0x |Exclude

- ﬁ (123-123) Certaines complications récentes d'un infar]

@ [B5] (124-124) Autres cardiopathies ischémiques aigués one or one or drop a
@ [3] (125-125) Cardiopathie ischémique chronique mu‘:::ad m "'g."' m B

I ﬁ (126-128) Affections cardio-pulmonaires et maladies de |
#[5] (130-152) Autres formes de cardiopathies

(160-169) Maladies cérébrovasculaires

-- (I70-179) Maladies des artéres, artérioles et capillaires ) Y« || & = RIS
@[5 (180-189) Maladies des veines, des vaisseaux et des ga

@[5 (195-199) Troubles autres et non précisés de 'appareil eiru | Run Query | New Query | 2 Groups [<][«] =101
Query Status

l E (J00-J99) Maladies de I'appareil respiratoire
Finished Query: “IDM + EP"
Patient Count - 73 patients

&=l . (K00-K93) Maladies de I'appareil digestif
@ (LO0-L99) Maladies de la peau et du tissu cellulaire sous-c

e 170 MD + Pharmacists trained
* 1864 type 1 requests

51 (M00-M99) Maladies du systéme ostéo-articulaire, des mus

i FINISHED [2.7 secs]
# {5 (N00-N99) Maladies de I'appareil génito-urinaire




CDW use Type 2/3 project (Jan. 2011-Dec. 2012)

* i2b2 projects
— 39 submitted projects
— 19 accepted projects
* i2b2 + tranSMART
— 3 submitted projects

— 3 accepted projects



CIS/CDW integration at HEGP

Achievements

* A methodology to export concepts and data from an integrated CIS
to an 12b2 CDW (2009-)

e An operational CDW directly used by MD and Pharm (2011-)

 Installation & evaluation of a tranSMART platform to augment
clinical data with omic information (2012-)

Benefits of the approach

« Availability of clinical data has generated a virtuous cycle at the
HEGP end-user level (e.g., improved standardized questionnaires)

« tranSMART as a superset of 12b2 could facilitate “omics™ data
Integration



The HEGP CDW

Limits of the approach

« Lack of semantic integration tools to merge 12b2-tranSMART
concepts

* 12b2-tranSMART data model heterogeneity

Perspectives

* Semantic integration within the 12b2-tranSMART platform to
facilitate:
1) meta-analysis from multiple cohorts
2) phenotypic augmentation in “omics” driven research
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