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Toward Precision Medicine: Building a Knowledge Network for
Biomedical Research and a New Taxonomy of Disease

Report from National academy of science, USA, 2011
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Toward Precision Medicine: Building a Knowledge Network for
Biomedical Research and a New Taxonomy of Disease
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Browser tools
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'.':"cranSMART

 Integrated platform to support translational research

« Initiated by Johnson & Johnson et Recombinant 6 years ago
— PI: Eric Perakslis

« Open-source since January 24t | 2012
 Installed at HEGP Hospital, Paris since May, 2012
« Today, driven and maintained by the tranSMART

-

‘::- tranSMART

y FOUNDATION

| —

http://transmartfoundation.org
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Brleﬁ.ngs in b
Bioinformatics

Translational research platforms
integrating clinical and omics data: a
review of publicly available solutions

Vincent Canuel*, Bastien Rance™®, Paul Avillach, Patrice Degoulet and Anita Burgun

BRISK, iCOD

caTRIP iDASH

cBio Cancer tranSMART (i2b2)
Portal

G-DOC
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i i i Start Organization Type Stage
tranSMART maln InSta"atIons 2008  Johnson & Johnson Pharma Production
2008 Recombinant by Deloitte Services Multiple
2010  Sage Bionetworks Non profit Production
. e . 2010 Thomson Reuters Services Support
International Research Initiatives 7010 U-BIOPRED Consortium oroduction
2011 SAFE-T Consortium Pilot
- IMI - eTRI KS’ EM I F 2011 University of Michigan, Academic Production
Comprehensive Cancer Center
— CTMM —TralT (umcce)
. 2012  APHP-HEGP Paris France Academic Production
Pharma & BIOteCh 2012 BT Cure Consortium Pilot
. . . . 2012 CTMM/TralT Consortium Development
- SanOﬂ’ Mlllennlu m’ Pﬂzer’ J N‘J’ 2012 FDA Government Development
Roche 2012  IMI/eTRIKS Consortium Development
2012 Merck Pharma Pilot
Govern ment a“gned Inst|tut|ons 2012  Millennium Pharmaceuticals Pharma Production
2012  One Mind for Research (1M4R)  Non profit Production
— FDA 2012 Pfizer Pharma Production
2012 Roche Pharma Evaluation
Non_PrOﬂtS 2012  Sanofi-Aventis Pharma Development
2012 St.Jude Non profit medical center Development
— 1Mind4Research. Orion 2012 University of Michigan, Academic Development, Pilot
. ! Department of Computational
B|OnetW0 I’kS Medicine & Bioinformatics
. } (DCM&B)
HOSprtaIS / Academ|CS 2013  Agios Biotechnology Evaluation
U M . h . J h , H k St 2013  CARPEM - Cancer personalized Academic French grant Development
- ichigan, John’s Hopkins, St. medicine
2013  Harvard Medical School / Academic Autism Pilot
Jude, HEGP, Harvard/Boston Boston Children Hospital
H H 2013 Boehringer Ingelheim Pharma Pilot
Chlldren Hospltal 2013 Bristol Myers Squibb Pharma Evaluation
SerV|Ce PrOV|derS 2013 BT Global Services Services . Pilot
2013  Accelerated Cure Project for Ms Non prOﬁ'f Development
— Thomson Reuters’ Personalized medicine and Academic French grant Development
. ] 2014 colorectal cancers
Recombinant(Deloitte), theHyve, PCORI PRRN Phelan- Academic US grant Development
. . McDermid Syndrome Data
Rancho Biosciences, BTGS 2014 Network
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-s tranSMART

Obijectives :

1. Integration of clinical, biological and ‘omics
data in one place — hypothesis free —

2. Generation of hypothesis by Clinicians /
Researchers
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Autism cohorts

Phenotype data
« Simons Simplex Collection (SSC) 2,760
 AGRE 3,300
* Autism Consortium (AC) 525

Gene-Pheno studies — Lou Kunkel - HMS
— Pre AC

— AC

— SSC
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BIG data

[Bioinformatics & Integrative Genomics]
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Deletion Neutral Amplification

Known relationships Sequence variation Copy number Gene expression
between genes variation

+ many more
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SSC (928)

Blood (Kunkel-Kohane)
— Affymetrix Gene ST 1.0
— Affymetrix U133+2
— Illumina HiSeq

LCL (Geschwind)
- lllumina REF-8 3.0
AC (166)

Blood (Kunkel-Kohane)
— Affymetrix Gene ST 1.0
— Affymetrix U133+2
— lllumina HiSeq

BCH (386)

Blood (Kunkel-Kohane)

— Affymetrix Gene ST 1.0
— Affymetrix U133+2
— lllumina HiSeq

AGRE (1,048)
LCL (Geschwind)
- lllumina REF-8 3.0

fé% Boston Childrens Hospital

Raw data

316
19
154

439

117
21
28

186
168
32

1,048

<

RNA
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» Static genomic predisposition
— Goal: enable streamlined analysis of genomic
variation at any functional unit resolution

 Single variant / variant type

Single gene

Gene set / pathway

Regulatory module

Cellular system

Genomic location / context

 Measurement types

§ Boston Children's Hospital $FE HARVARD MEDICAL SCHOOL
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Raw genotyping array data by cohort

. SSC (3,184) DNA

— llumina Infinium1M
— l[llumina 1M Duo

. AC (60)
- Affymetrix SNP 6.0

. AGRE (3,832)
Affymetrix 10K
Affymetrix 500K
lllumina HumanHap550
lllumina Infinium 1M

Boston Childrens Hospital
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WHOLE EXOME SEQUENCE data by cohort
. SSC (2,963)

— State 914
* |llumina GAllx

* [llumina HiSeq

— Eichler 676
* [llumina GAlIx
* [llumina HiSeq

— Wigler 1373
* [llumina HiSeq
.+ AC (381)
— Daly 381

* lllumina HiSeq

. AGRE (1672)

— Walsh 750
* [llumina HiSeq
— BI-BCM 922

« [llumina HiSeq

Boston ChildtenfBloosadD
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Exome sequence >  Variantcalling > Variant annotation > tranSMART input
data processing

«+« Physical location

- oo

e.g. 1000 Genomes
ESP 6500

Clinicalus.igniﬁcance
e.g. Clinvar
OoMIM

Expresé.i;'m patterns
e.g. GTEx
BrainSpan

Transcriptional regulatio

_ eg.ENCODETFBS ANNOVAR

Histone modificativns

1 e.g. Chr:start-end :

( Raw Reads ] _-| Ana|ysis.Ready 1 2 CytOband :

{ Wi £""1 Reads :

: Gene :

[ Map To I:eference ] 5 L T ) e.g. Gene name E

: Variant function ¢

[ Mark Duplicates | : ( Joint Variant Calling | :

| J : 1 Gene set '

A ) e.g. Pathway :

[ Indel Realignment J : [Ravy [ SNPs ] [ Indels ] Molecular proces

il : Variants 4

[ Base Recalibration | : ! | — Predicted variant impact

‘ . Variant Recalibration | e.g.PS(:::-Il;hen E

[ RR Compression J E (separately per variant type) y .

‘ ! 1! Conservation .
Analysis-Ready : ) e.g. GERP : »1Comprehensively _SNPS’
Reads | || ||| eoeses : [ Filtered [ SNPs ] [ Indels ] PhyloP ¢ ¢ | annotated variants indels
Variants s e .
) s %d Individual

Population frequency : {genotypes @ '
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CENTER FOR

o . . Que
Infrastructure ‘ Boston Children’s Hospital &%
| ] . ]
- ! tranSMART February 7th 2014 é Research Connection &V | BIOMEDICAL INFORMATICS
Paul Avillach, Ally Eran, Michael McDuffie
ST Harvard Medical School Boston Children’s Hospital
Research Computing =4/ Business Intelligence and
Clinical Research Informatics 3
Any query tool tranSMART
(R, SAS, etc...) Web interface
Biostatistician Investigator
A‘ r‘Ch eSbr‘O i2b2 ‘F Bioinformatician
=] i) BCH Autism i2b2 ) f f .
17,000 patient:
research patien’s ; ﬁ DEMOS
L. N cohorts i2b2_rc-autism_crc oy
©debian ———— ritransMART
v | ORACLE | ——»
d61 TB 'omics B OWPRD ransmartdevt
ata on autism [
] 3 1TB
75 TB tOtaI % transmartdev2 | - d
= n
storage available pmcesys od 4 cpu 150 GB
(replicated) data DATACURATION ( A
Loading data DEVELOPMENT
Quality Control _! i:l’anSMART
C ) ! ORACLE | +—»
BCH Cluster
g [r— transmartprod
-~ DWTST 4 cpu 60 GB

Shared for all HMS:
5,128 processor cores

500 GB

EMC |

[ siLon

4TB



Live DEMO

https://www.youtube.com/watch?v=rUFH697a2n4

:ltranSMART
A B hil 's Hospital ) | CENTER FOR
R‘e’i’é‘;?cﬁ c'o?]rneenczonosma BIOMEDICAL INFORMATICS
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Phenome Wide Association Study

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

(1 Phenotype compared to ALL SNPs)

cases controls allele G patients group allele A patients group
(ex: systemic sclerosis)
KTTS[CAz- KTTA[CA7=

cases DNA controls DNA allele G patients phenotype allele A patients phenotypse

= « 121 (myocardial infarction)

) + HLA region (ch 6) )

= S

© . ©

> 3 > -

B —f— == = — —_ = gb — — = o

O =vTsl ... - i 9%, O seelue O " ot it T % eigteurp. st e

M 2L BRC Ty I P S L O Lotz aatg ¥ ot AT St

L? X e RS S ':':g::o:*‘\-;.‘l L T Frmem ek IO IN ST

1234567891011 121314 1516 17 18 19 20 21 22 23 X Y ABCDEFGHIJKLMNOPQRSTUVWXYZ
chromosomes ICD-10 Codes

compare ALL DIAGNOSIS to find differences between
cases and controls

compare ALL SNPs to find differences between
cases and controls




OPEN 8 ACCESS Freely available online @ p'_os S%“CS%‘Y“'WL

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'**

1 Biomedical Informatics and Public Health Department, University Hospital HEGP, AP-HP, Paris, France, 2INSERM UMR_S 872 Team 22: Information Sciences to support
Personalized Medicine, Université Paris Descartes, Sorbonne Paris Cité, Faculté de Médecine, Paris, France, 3 INSERM UMR-S 775, Université Paris Descartes, Sorbonne Paris
Cité, Paris, France, 4 Gastroenterology Department, University Hospital HEGP, AP-HP, Paris, France, 5Pharmacovigilance Center, University Hospital HEGP, AP-HP, Paris,
France, 6 Biochemistry, Pharmacogenetics and Molecular Oncology Unit, University Hospital HEGP, AP-HP, Paris, France
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pcori\ ‘ Patient-Centered Outcomes Research Institute

prEigRIR g
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PCORnet S95 million  Start date Jan 2014 18 months

Scientific Advisory Board PCORI

Special Expert Group

/

/

J
)

11 CDRN S7M
18 PPRN S$1M




PCORI PPRN Grant

* Phelan-McDermid Syndrome Data Network
— PIl: Megan O’Boyle, Mother of PMS patient
— Co-PI: Paul Avillach, MD, PhD

« Total: $1M
* 18 months

* To collect all available patient data from Phelan-
McDermid Syndrome (PMS) patients to make meaningful,
well-annotated clinical data available to researchers and to
share insights with members of the PCORI network

<
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Cisdedl =
Contact and retrieve EMR
Health care clinical notes from their
providers Health care providers
Individual
patient data entry
including clinical notes
P

’

| 4

Secure web Registry

pu

PATIENT

/ Patient ownership
and governance

of data

Images of
Clinical Notes

Textual
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FAKES

-

Natural Language

processing
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pc0r| ) Patient-Centered Outcomes Research Institute

PPRN: Phelan-McDermid
Syndrome Data Network
(PMS_DN)

—» Already in place

PCORI - PPRN project

Ohrifie

Anonymized
curated

:’5"’\ KES

@ Harvard Medical School Research Computing Private Orchestra: Phelan-McDermid syndrome research environment
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Clinical data -

from Clinical

Aggregated 3
or individual Researchers
5\ patient data
consultation
/!—f —4~—_ /Omics'
data
Secure web
Research platform
Clinical and omics' data
T*.tranSMART
i2b2 o
Firewall
Integration of multiple Exchange

heterogeneous
sources of clinical and
omics' data using
international standards

f!.tl’anSMART
i2b2 o

interface, with
other projects,
based on inter
nation
.standards
?! tranSMART

i2b2

"

notes

&)

Collaboration
with
Clinical Data
Research
Networks (CDRN)
- PCORI

For example:
Scalable
Collaborative
Infrastructure for a
Learning Health
System (SCILHS)
to find new
patients with
Phelan-McDermid
Syndrom
across all their
network of 9

~a Hospitals
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‘Q?& i
CEAKES

" Apache Software Foundation
~<» http://www.apache.org/

Box 1| Natural language processing

BEECCE N

Boundary detection ... ] [ Fx of obesity but no fx of coronary artery diseases. | [
Tokenization | Fx | of | obesity | but| no| fx | of | coronary| artery | diseases | . |
Normalization - - — - - - = — — disease
Part-of-speech tagging NN IN NN CC DT NN IN J) NN NNS
| S—| L |

Shallow parsing NP PP NP NN NP
Entity recognition Obesity Coronary artery disease Coronary artery

Disease or disorder Disease or disorder Anatomy

UMLS ID: C0028754  UMLS ID: C0010054 UMLS ID:C0205042

Status: family history  Status: family history

Negated: no Negated: yes

Peter B. Jensen, Lars J. Jensen and Sgren Brunak, Nat Rev Genet. 2012

Boston Childrens Hospital

Until every child is well
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1
AN

Mrs Jones is an 84-year-old
African-American woman
admitted from the
emergency department
with complaint of crushing

MI, diabetes mellitus ...

Unified Medical Language System

UMLS maps a data
type from one
vocabulary to another

RERSSR 2in - past ICD10 SNOMED LOINC Standardized
n.1ed.|cal history is vocabularies in which
significant for a 20 year ~ all EHR-data items are
history of type 2 diabetes ==+ ExNom Read represented
mellitus controlled with |
oral hypoglycaemics,
2 ppd history smoking ... ——— —l
Family history: Sister died | Diagnoses Billing codes
from myocardial infarction =— -I: —|
at 74 years ... — 5 | Environment
Mrs Jones was discharged | Di EHR-derived database
) L . ispensed d of nativel
on a 1,500 ml fluid : Medications fati | composed of natively
, medications .
restriction, nitroglycerin =~ == —l_I_: cojlzeg Zn? I:L‘P_
codified data types
0.4 mg/spray 1-2 spray po. Family histo P
Aciphex 20 mg (20 mg Y 4 Laboratory
——————— | Symptoms
Discharge diagnosis: acute S— _

Kohane |, Nature Review Gen. 2011
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Live Demo PMS_ DN
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NIH Big Data to Patient Centric Information Commons (PIC)
Knowledge (BD2K) Pl: Isaac Kohane

Information Commons
Organized Around Individual Patients

b = = s s = : Exposome
A ,_;:,ig.g sw“smm’ﬁ
ﬁ

- T - - - - Genome

e_ O ~ - -Epigenome
S S 7 Microbiome e—

EPE N = Other Types of Patient Data

= caca I‘l'$:t : =3NIVHMlP8m

prEigRIR g
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CHOP private network

Cincinnati private network

Sequencing Vendors

— — = BCH private network
i2b2 &9 FAKIS P
P il R4
- Clinical notes S *}./ ———
-1CD9 ’ ) Research
- Lab values . Cohorts
- Drugs
- etc... Biobank Core Patients' consent(s)
N
W
Selected subjects
for pilot studies

eg: Claritas Genomics

:\\ﬁ (Stored ~1 year)

/Z?;ﬁ:' .

Annotated
VCF

BAM

'

Boston Children's Hospital ﬂx Cincinnati
P , W\ Children’s

GH

The Children’s Hospital

E5kd | CENTER FOR
&7 | BIOMEDICAL INFORMATICS
HARVARD MEDICAL SCHOOL

MEDIC

S
N
SRS
oy
S

¥

gé g§ change the outcome- gg of Philadelphia® BIG DATA
S5 83 85 ‘omICS
m £2 £2 —_— 8 STORAGE
a>o ©= Storage server (S3) ©= Storage server (S3) © Storage server (S3) BAM
= T 8 Under full control of BCH [ Under full control Under full control of CHOP S year
o) p nder 1ull control o of Cincinnati EE:EEE a
O &
(@]
Access Control and Service per study Service per study Service per study
data security
IAM and file . i2b2 &9 I
. 4 tran Harvest -
G Lyl [ tranSMART Stat tool or any
B (3] other application
amazon
webservices™

Dec 15th 2014
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Boston Children’s Hospital
Research Connection

Autism Cohort

Division of Developmental
Medicine

Leonard Rappaport, MD, MS
Ellen Hanson, PhD

BCH Division of Genetics &
Genomics

Timothy Yu, MD, PhD
Ingrid Holm, MD, MPH
Stephanie Brewster, MS, CGC
Joanna Reinwald, MS, GC
Frank Jackson

Laboratory of cognitive
neuroscience

Charles Nelson, PhD
Vanessa Vogel-Farley
Nicole Coman

CENTER FOR
BIOMEDICAL INFORMATICS

HARVARD MEDICAL SCHOOL

CBMI / ResCon tranSMART team

Paul Avillach, MD, PhD
Michael McDuffie, MS
Ally Eran, PhD

The Research Connection

Wendy Wolf, PhD
Sarah Savage, MS, CGC
Catherine Clinton, MS, CGC
Tram Tran

CBMI

Eric D Perakslis, PhD
Alexa T. McCray, PhD
Dennis Wall, PhD
Nathan Palmer, PhD
Sek Won Kong, MD
Finale Doshi-Velez, PhD

i2b2 / Partners

Shawn Murphy, MD, PhD
Lori Phillips, Ms
Michael Mendis

Principal Investigators

Isaac Kohane, MD, PhD
Louis Kunkel, PhD
David Margulies, MD
Jonathan Bickel, MD, MS
Paul Avillach, MD, PhD

Business Intelligence and
Clinical Research Informatics

Mohamad Daniar
Nandan Patibandla
Rick Agrella
Paul OByrne
Lynne N. Alley
Gina Bianco

Clinical NLP

Guergana Savova, PhD - PI
Chen Lin

Dmitriy Dligach, PhD

Pei Chen

Sameer Pradhan, PhD
Sean Finan

Timothy Miller, PhD




PMS DN team

« Megan O’Boyle, Pl & Mom of Shannon

 Paul Avillach, MD, PhD , Co-PI, Harvard
Medical School

 Liz Horn, PhD, Co-PI, Network Director

PMSF Research director
e Geraldine Bliss, MSc & Mom of

Project Manager
 Andria Cornell Mann

LGC Data Network Specialist
« Rebecca Davis

Family Engagement Specialist
« Jackie Malasky

&

)

a§ Boston Children's Hospital

Harvard Medical School : CBMI
e Sushma Hanawal

Michael McDuffie, MSc
 |saac Kohane, MD, PhD
* Eric Perakslis, PhD

Boston Children’s Hospital: cTAKES NLP
« Guergana Savova, PhD
e Pei Chen

Harvard Medical School : IT Infrastructure

Support
»  Christopher Botka

« David Hummel
« Daniel Lewis

00Oy
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OPEN G ACCESS Freely available online

@Pl_os | ONE

SHRINE: Enabling Nationally Scalable Multi-Site Disease

Studies

Andrew J. McMurry"**#* Shawn N. Murphy®>®, Douglas MacFadden’', Griffin Weber®’,
William W. Simons', John Orechia®, Jonathan Bickel*?, Nich Wattanasin®, Clint Gilbert', Philip Trevvett’,

Susanne Churchill®®, Isaac S. Kohane'?*?
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NIH Big Data to Patient Centric Information Commons (PIC)
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=) Autism
+ |_]BCH Consent Information (2975)
=1+ JBCH EHR i2b2 (16587)
+ | _JAllergy (8184)
4+ |__]Clinic (15547)
+ || Demographics (16522)
+ || Diagnoses (16426)
+ |__JInsurance Payors (13949)
4 [ ) Labtests (12073)  EHR longitudinal data
+ |_]Medications (9371)
4+ |_]Procedures (10140)
+ | Radiology (8736)
+|__|Reports (4414)
+|__]Service (16587)
4| Vital Signs (11982)
=) Expression Array (713) * Expression Arrays
=) Peripheral Blood (713)
= ) Affymetrix Human Genome U133 Plus 2.0 Array (198)
X gcRMA Normalized Expression (198)
= —JHuman Gene 1.0 ST Array (550)
XX RMA Normalized Expression (550)
41 GenoPheno (3189) * Clinical Cohorts
+ || SFARI Simplex Collection v14 (2760)
= JWES_Inventory (7373)
4+ |__]Eichler (5349)
+ || State (2024)

« Patient consent(s)

« WES data



&

5

Vi
Search by Subject

(2]

=1+ 1kG LCL Proteomics
= ] 01 Demographics (55)
4 |__) Population (55)
=+ Sex (55)
abc female (26)

Navigate Terms

abc male (29)
=) 02 Whole Exome Variation (55)
4 101 Physical location (55)
=+ )02 Gene (55)
=) 01 Refseq (55)
4 [ 101 Gene symbol (55)
4 |1 02 Variant function (55)
= =) 03 Exonic variant function (55)
abc frameshift deletion (55)
abc frameshift insertion (55)
abc frameshift substitution (39)
abc NA (55)
abc nonframeshift deletion (55)
abc nonframeshift insertion (55)
abe nonframeshift substitution (11)
abc nonsynonymous SNV (5
abc stopgain SNV (55)
abc stoploss SNV (55)
abc synonymous SNV (55)

abc unknown (55)

Boston Children’s Hospital

Until every child is well”

*4, Generate Summary Statistics

“{, Generate WES Statistics

Across '

Comparison Advanced Workflow Results/Analysis Gr
Subset 1
‘ Exclude ‘ Enable Variant Panel
...\HLA-DQB1\ <0 Phenotypic
variable

AND Exclude || Disable Variant Panel
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AND ﬁ + Variant Panel
t?:;: Genomic
RS variables
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Search | Sample Explorer

Search by Subject H Navigate Terms H7

124 “L, Generate Summary Statistics

Gene Signature/Lists

4, Generate WES Statistics | & Explore Sample Information | || Summary | @) Clear | [=] save | M4 Export v | (&)

Admin

[2) fCornparison HiAdvanoed Workflow H Results/Analysis ‘|7Grid View ‘|7Data Export HiExportJobs ‘
Analysis of ..\WES\Demographics\Population for subsets:

4l ] BCH The Research Connection - Autism
4 [_] Public Studies

= test
i |_) Exomes (48) *g_
=) WES (55) g

# [_] Clinical significance (55)
# [_] Conservation (55)
= 1 Demographics (55
I =) Population (55) I
abc CEU (29)
abc CHB (8)
abe YRI (18)
] Sex (55)
=) Gene (55)
(=) Ensembl (55)
# [_] AA change (55)

Subset 1

CEU 5)
CHB 1
YRI 5
0 1 2 3 4 5 6

Count of Observations

Category | Subset 1 (n) | Subset 1 (%n)
CEU 3 33.3%
CHB 1 1.1%
YRI 5 55.6%
Total 9 100%

# [_] Exonic variant function (55)
# [_] Gene symbol (55)

@ ) Population (55)

[ (] Variant function (55)

B CEU

g CHB

[ =4

S YR
Chi-Squared: | 2.8215
p-value: 0.24397

Utilities

[2)
Subset 2
11
2
4
01 2 3 4 5 6 7 8 9 10 11 12 13
Count of Observations
Category | Subset 2 (n) | Subset 2 (%n)
CEU 1 64.7%
CHB 2 11.8%
YRI 4 23.5%
Total 17 100%

The results are not significant at a 95% confidence level.

# [_] Refseq (55)
#[_JUCSC Known Gene (55)
# [ Individual genotype (55)
# [_] Physical Location (55)
# [_] Population frequency (55)
# [_] Predicted variant impact (55)
# [_] Protein Ratios (55)
# ] Sequence (55)
# [_] VCF info (55)
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(= Facility: Broad Institute (94 Items)

Biobank Explorer
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Genotyping

Genotyping
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Broad Institute

Broad Institute

Broad Institute

Broad Institute

Broad Institute

Broad Institute
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Broad Institute

Broad Institute

Broad Institute

Broad Institute

Broad Institute

Pre Autism Consortium

Pre Autism Consortium

Pre Autism Consortium

Pre Autism Consortium
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Pre Autism Consortium
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Affymetrix
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Gene Function

By FUNC_REFGENE
|| exonic (258834)

|| exonic;splicing (32)
|_Jintergenic (159)
|_Jintronic (106)

|| splicing (55)

By EXONICFUNC_REFGENE

I NA (320)

I nonsynonymous SNV (257983)
| stopgain SNV (1)

_lunknown (882)

By EXONICFUNC_KNOWNGENE
| INA (168)

|| nonsynonymous SNV (258760)
|| stopgain SNV (65)

|| stoploss SNV (28)

|_Junknown (165)

By FUNC_ENSGENE

| exonic (259026)

| exonic;splicing (112)
| intergenic (47)

I ncRNA_exonic (1)

Gene Name

By GENE_REFGENE

Functional Prediction Scores

By GENE_KNOWNGENE

By LJB2_POLYPHEN2_HDIV
| ) Filter |

By LIB2_SIFT
Of < 4| | Filter
By LJB2_LRT
Ul < #| | Filter

By LJB2_MUTATIONTASTER
< % Filter |

By LJB2_FATHMM
O]l < | | Filter

By LIJB2_GERP
[m——n Filter |

By LJB2_SIPHY
LI < = | Filter

Functional Prediction

By LJB2_PP2_HDIV_PRED
(1B (189161)

By LJB2_POLYPHEN2_HVAR_PRED
1B (209991)

By FUNC_KNOWNGENE
|| exonic (258929)

|| exonic;splicing (89)

|| intergenic (40)

|| intronic (45)

| I ncRNA_exonic (83)

By EXONICFUNC_ENSGENE

| I NA (48)

|| nonsynonymous SNV (258865)
|| stopgain SNV (95)

|| stoploss SNV (80)

[ Junknown (98)

By GENE_ENSGENE

By LJB2_POLYPHEN2_HVAR
Ol < * | Filter |

By LJB_MUTATIONASSESSOR
Ol < * | Filter |

By LIB2_PHYLOP
O < # | Filter |

By LJB2_LRT_PRED
(1D (39237)



Genome Variant Explorer

CHROMOSOME: (chr21), REFGENE EXONIC_FUNCTION: (nonsynonymous SNV), POLYPHEN 2_HDIV > .9

CHROMOSOME REFERENCE_... OBSERVED_A... ZYGOSITY REFGENE_GE... REFGENE_EX.. REFGENE_AA.. VCF_GENOTY... POLYPHEN_2... POLYPHEN_2... Variant Count &

chr21 G A het COLBA1 nonsynonymous COLGBA1 o 1.0 D 1
SNV

chr21 T Cc het KRTAP10-11 nonsynonymous KRTAP10-11 o 1.0 D 1
SNV

chr21 G A hom KRTAP10-10 nonsynonymous KRTAP10-10 17 0.998 D 1
SNV

chr21 G A hom KRTAP10-6 nonsynonymous KRTAP10-6 17 1.0 D 1
SNV

chr21 Cc T het KRTAP10-5 nonsynonymous KRTAP10-5 oM 0.903 P 1
SNV

chr21 C T hom KRTAP10-5 nonsynonymous KRTAP10-5 17 0.803 P 1
SNV

chr21 T G hom KRTAP10-4 nonsynonymous KRTAP10-4 1 0.828 P 1
SNV

chr21 G A het AIRE nonsynonymous  AIRE o 0.899 D 1
SNV

chr21 T (o] het DSCAM nonsynonymous DSCAM o 0.958 D 1
SNV

HARVARD MEDICAL SCHOOL

@§ Boston Children's Hospital .
&9 TEACHING HOSPITAL

& Until every child is well”

>



-'! ifanSMART

f.\. CENTER FOR
XY BIOMEDICAL INFORMATICS

HARVARD MEDICAL SCHOOL

N
Phelan-McDermid Syndrome
Foundation

Please login...
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Login |
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= JPMS_DN
+ | 101 PMS Registry (Patient Reported Outcomes)
+ 102 PMS Clinical Notes (cTAKES NLP)
+ | 103 PCORNet CDM v1 -SCHILS Ontology
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=1 JPMS_DN
=101 PMS Registry (Patient Reported Outcomes)
=101 PMS Ontology (178)
+ 101 Demographics (176)
4 102 Clinical Questionnaire (176)
=1+ 03 Developmental Questionnaire (152)
+|_101 First-Year Feeding Issues (152)
=102 Physical Development (151)
=] 01 Has Patient Ever Shown Following Symptoms (144)
=] 01 Floppy Baby-Symptoms (127)
+ || Fatigues easily (1)
abe Initial Entry (78)
abc Update 1 (10)
abc Update 2 (2)
abc Update 3 (2)
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Admin

Gene Signature/Lists

(2]

Search by Subject ‘ Navigate Terms

(2]
=39 PMS_DN
# [ ]01 PMS Registry (Patient Reported Outcomes)
=9 02 PMS Clinical Notes (cTAKES NLP)
# [o] cTAKES Modifiers
=501 SNOMED (PC:155) (DC:465)
# o] cTAKES Modifiers
# (] Body structure (PC:155) (DC:458)
=) Clinical finding (CC:80) (PC:155) (DC:465)
@ [6] cTAKES Modifiers
[# [ ] Administrative statuses (PC:11) (DC:12)
(] Bleeding (PC:47) (DC:56) |
(= Calculus finding (PC:19) (DC:19)

= Bilia

ry calculus (CC:2) (PC:2) (DC:4) |

[# [_] Gallstone (CC:3) (PC:3) (DC:3)
# [ Urolithiasis (PC:16) (DC:16)
[_] Clinical history and observation findings (PC:154) (DC:
(7] Cyanosis (CC:35) (PC:35) (DC:39)
[_] Deformity (PC:13) (DC:14)
[_] Disease (CC:129) (PC:155) (DC:465)
[ ] Edema (CC:63) (PC:67) (DC:91)
[_] Effect of exposure to physical force (PC:6) (DC:6)
[ Erythema (CC:22) (PC:23) (DC:23)
[_] Evaluation finding (PC:155) (DC:465)
(] Fetal finding (PC:19) (DC:20)
[_] Finding by method (PC:88) (DC:128)
[_] Finding by site (PC:155) (DC:465)
[ Finding of grade (PC:4) (DC:4)
[_] Finding reported by subject or history provider (PC:23)
(7] General clinical state finding (PC:139) (DC:309)
[Z] Jaundice (CC:13) (PC:13) (DC:13)
[__) Neurological finding (PC:146) (DC:338)
[_] Prognosis/outlook finding (PC:2) (DC:2)
[_] Swelling (CC:50) (PC:54) (DC:61)
(21 Wound finding (PC:28) (DC:30)

R 3 R )

# (] Event (PC:24) (DC:25)

# [ Linkage concept (PC:80) (DC:108)

# [_ ] Observable entity (PC:152) (DC:416)

[# [_] Pharmaceutical / biologic product (PC:92) (DC:124)

\ Node Metadata and Statistics

Frequency Statistics

Distinct Patient Count for this Concept (CC) : 2
Distinct Patient Count for this Concept and below it
(PC): 2

Distinct Documents (DC) : 4

2 patients

/ with gallstones

1

Sentences

Patient 1

ere is a history of gallstone pancreatitis in
e patient's sister.PAST MEDICAL HISTORY:

Patient 2

@ 1 - She has had similar episodes couple of years
ago and was told, at one point, that she had
gallstones, but after her pregnancy, a repeat
ultrasound was done, and apparently was normal, and
nothing was done at that time.

Patient 3

[ ] 1 - She does not recall renal calculi, nor
cholelithiasis, denies asthma, emphysema,
pneumonia, tuberculosis, sleep apnea, home oxygen
use.

Patient 4
# 1 - Cholelithiasis.3.

™ 2 - Please note evaluation of the abdominal organs
is secondary to the lack of intravenous contrast
material.Gallstones are seen within the gallbladder
lumen.

No: It’s Sister’s history

OK

No it’s a Negation

OK

| Apply Validation |

HARVARD MEDICAL SCHOOL
TEACHING HOSPITAL




Pilot Study =l 2
HEGP - Paris rHtransMART

VOLUME 27 - NUMBER 35 - DECEMBER 10 2009

JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

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

N
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Angiogenesis Survival
Migration
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Patient data

Tumoral omics data

Clinicaldata  Biological data

Integration

Gene expression data

R

Integration

T
N A

~itranSMART

N

a§ Boston Children's Hospital

Analysis

-atranSMART

KRAS

Biomarkers
discovery

Analysis PTEN p53  Analysis

List of candidate
genes Biological pathways

HEGP: Canuel V, Avillach P
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Search Gene Signature/L

(2]
‘ Search by Subject H Navigate Terms H Across Trials ’
(2]
=) HEGP
=) Laurent_Puig_J_Clin_Oncol_2009 (226)

=) ) Biomarker Data (226)
=} Non Omics (173)
# [ ] Immunological (172)
=)< Mutation Detection (171)
4 (] BRAF Mutation (171)
= KRAS Mutation (185)
abc Mutated (68)
abc Wild (97)
# [ ] NRAS Mutation (166)
4 (] Omics (148)
=3 Clinical Data (173)
== Demographics (173)
# [ SEX (173)
123 AGE (172)
# (] Outcome (173)
@[] Treatment (173)

HEGP: Canuel V, Avillach P
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Mutati| BILAN
on MUT Meilleure dA®Iai survie EGFR copy Mutation

Age | pex{ [BILANKRAS [BRAF | NRAS |nbligne| Toxicit reponse | Progression | Duree rep DA®CAs globale OMS| number |ScoredeHIRSCH| PIK3CA |PTEN_CYTO|PTEN_MB | PTEN_NX
= [M] NM | NM 1 2 1 1 58.14 oui 26.3 1 10 positif NM 80 20 20
71| M NM NM | NM 6 2 2 1 46 oui 216 1 3 negatif NM 200 10 140
44 F NM NM | NM 4 2 2 1 67.14 oui 48.13 0 3 negatif M 60 30 0
72 | M M NM | NM 4 1 2 0 48 non 404 1 2.1 negatif NM 160 0 80
48 | M NM 6 2 2 1 3443 oui 13.87 1 11 positif NM 0 0 60
55 F NM NM | NM 3 1 2 1 32 oui 15.07 2 34 negatif NM 10 40 0
64 F NM NM [ NM 2 1 2 0 171 oui 20.03 0 25 negatif NM 260 20 150
62 | M NM NM | NM 3 2 2 1 52 oui 2423 1 28 negatif NM 200 0 0
50 | M NM NM | NM 3 2 3 1 1471 oui 9.6 0 29 negatif NM 160 0 130
54 | M M NM | NM 2 2 3 1 20 oui 6.93 2 negatif NM 130 0 100
73 F M NM | NM 3 1 3 1 19.29 oui 20.03 0 negatif M 230 0 110
71| M M NM | NM 2 1 3 1 16 oui 13.47 0 negatif NM 50 10 0
53 F M NM | NM 3 2 3 1 20 oui 10.73 1 negatif NM 10 30 0
78 | M M NM | NM 2 1 4 1 1114 oui 16.33 0 24 negatif M 200 0 50
51 F M NM | NM 2 1 4 1 443 oui 13 3 negatif M 80 0 120
75 F NM NM | NM 3 0 < 1 7.86 oui 6 0 23 negatif M 60 0 80
69 [ M M NM | NM 2 2 4 1 9.57 oui 10.7 1 negatif NM 10 0 40
72 | M M NM | NM 4 0 < 1 6.14 oui 2.07 1 negatif M 190 0 50
61 F NM NM | NM 2 2 4 1 12 oui 10.33 1 2.3 negatif M 75 50 10
53 | M M NM | NM 5 2 4 1 9 oui 9.8 1 negatif NM 0 0 0
5 | M M NM | NM 2 1 4 1 8.57 oui 3.57 0 negatif NM 240 0 120
75| M M NM | NM 2 1 4 1 8 oui 6.4 1 negatif NM 0 0 120
58 F M NM | NM 6 2 4 1 8 oui 8.93 0 positif NM 10 50 0
47 | M NM NM | NM 3 3 4 1 8 oui 5.63 0 33 negatif NM 10 0 0
60 F M NM | NM 3 1 4 1 8 oui 3.77 1 negatif NM 5 0 0
58 F NM NM | NM 4 2 3 1 17.57 oui 7.2 2 3.2 negatif NM 40 0 60
58 | M NM NM [ NM 2 3 2 0 33 non 26.97 1 NM 0 0 0
67 | M M NM | NM 3 2 3 1 29.71 oui 13 2 NM 100 0 30
68 | M NM NM | NM 2 2 2 1 33.14 oui 2217 1 NM 0 0 0
59 F NM NM | NM 2 1 2 0 319 oui 1183 1 NM 0 0 0
61 F M NM | NM - 0 < 1 3 oui 28 0 NM

57 | M NM NM | NM 3 1 3 1 1743 oui 5.1 1 NM

77 F M NM | NM 3 0 3 1 2157 oui 7.83 1 NM

63 F M NM | NM < 0 < 1 6.14 oui 5.57 1 NM

60 F M NM | NM 2 1 < 1 12 oui 51 1 negatif NM 150 0 200
60 F M NM | NM 2 2 3 0 24 oui 16.77 0 negatif NM 40 0 160
59 F NM NM [ NM 2 2 3 1 34 oui 7.93 1 24 negatif M 90 0 120
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Filename Category Code Column Number |Data Label Data Label Sourd |[Controlled Vocab Cd
EGP0001_data.csv 1[SURI ID

EGP0001_data.csv || |Clinical Data+Demographics | 2|AGE | 424144002
EGP0001_data.csv [(Tinical Data+DNemnaranhics ' ETEN 263495000
EGP0001_data.csv | |Biomarker Data+Non Omics+Mutation Detection I 4|KRAS Mutation | 190070
EGP0001_data.csv Biomarker_Data+Non_Omics+Mutation_Detection 5|BRAF Mutation 164757
EGP0001_data.csv Biomarker_Data+Non_Omics+Mutation_Detection 6/NRAS Mutation 164790
EGP0001_data.csv Clinical_Data+Treatment+Chemotherapy 7|Number of lines 399042005
EGP0001_data.csv 8|OMIT

EGP0001_data.csv 9|OMIT

EGP0001_data.csv Clinical_Data+QOutcome 10|Progression 419835002
EGP0001_data.csv Clinical_Data+Qutcome 11|Duration of Response 445397003
EGP0001_data.csv Clinical_Data+Outcome 12|Death 419620001
EGP0001_data.csv Clinical_Data+Outcome 13|Overall Survival 445320007
EGP0001_data.csv Clinical_Data+Qutcome 14|0OMS Score 373802001
EGP0001_data.csv Biomarker_Data+Non_Omics+Immunological 15|EGFR Copy Number 5006
EGP0001_data.csv Biomarker_Data+Non_Omics+Immunological 16|HIRSCH Score

EGP0001_data.csv Biomarker_Data+Non_Omics+Immunological 17|PIK3CA Mutation 171834
EGP0001_data.csv Biomarker_Data+Non_Omics+Immunological 18

EGP0001_data.csv Biomarker_Data+Non_Omics+Immunological 19

EGP0001_data.csv Biomarker_Data+Non_Omics+Immunological 20
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=} tranSMART

Search | Sample Explorer

Search by Subject | Navigate Terms | Across Trials

=9 EGP0001 (173)
=)&) Biomarker Data (173)
=3 Non Omics (173)
] Immunological (172)
=) Mutation Detection (173)
=5 BRAF Mutation (173)
abc M (5)
abc NA (2)
abc NM (166)
= KRAS Mutation (173)
abc M (68)
abc NA (8)
abc NM (97)
# (] NRAS Mutation (173)
=3 Clinical Data (173)
=) Demographics (173)
=) SEX (173)
abc F (78)
abc M (95)
123 AGE (172)
=3 Outcome (173)
# ] Deces (173)
123 Delai survie globale (173)
123 Duree reponse (172)
123 OMS Score (159)
123 Progression (172)
&[] Treatment (173)
o \‘e-!y It L VLY g 10 vveuw

Gene Signature/Lists

2] &4, Generate Summary Statistics | |- | Summary | | @Clear [ BSave

Comparison || Advanced Workflow | Results/Analysis || Grid View | Data Export || Export Jobs
e_‘AnalysiSv

Cohorts
Subset 1: (\Public Studies\EGP0001\Biomarker Data\Non Omics\Mutation Detection\KRAS Mutation\NA\ )

Analysis: Survival Analysis 2

Variable Selection @

Category
Time
Select a variable on which you would like to
Select time variable from the Data Set sort the cohort and drag it into the box. For Se
Explorer Tree and drag it into the box. For example, "Cancer Stage". If this variable is a
example, "Survival Time". This variable is continuous (ex. Age), then it should be "Su
required. "binned" using the option below. This
- variable is not required. -
X X
..\Delai survie globale\ MY
. ANM

| High Dimensional Data |

¥ HEGP: Canuel V, Avillach P
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