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Personalized Medicine and Genomic technology are critical
to managing populations

Traditional *One-Size-Fits- All Appvoach Pono mluod Mod»dne Appromh
All patients with the

]
vs.tQ } F! ”‘, Get:eu(]Plrofrso A:
"\“'v".' Gan i Prollo B:
- . .‘.,‘ .j‘\ N 3 Standard Therapy
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= Managing a population involves improving health outcomes of
the group as a whole by identifying, monitoring and addressing
health needs of individuals through:

= Subpopulation stratification
= Targeted, evidence-based treatment protocols
= Predictive analytics

Source: Personalized Medicine Coalition and innovation.org ; Oliver Wyman
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Example: PPARy Prol2Ala and Diabetes

Q

Oh et al.
Deeb et al.
Mancini et al.
Clement et al.
Hegele et al.
Hasstedt et al.
Lei et al.
Ringel et al.
Hara et al. T
Meirhaeghe et al. — Overall P value =2 x 10/
Douglas et al. —o—i
Altshuler et al. ——o—— -
Mot ot al — Odds ratio = 0.79 (0.72-0.86)
All studies Lo
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Estimated risk 02 04 06 08 1 12 14 1.6 1.8 2.0

(Ala allele) 01 03 05 0.7 09 11 13 15 17 1.9
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Ala 1s protective Courtesy J. Hirschhorn
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High Throughput Methods for supporting Translational
Research

m Set of patients is selected from medical record data in a high
throughput fashion

m Investigators explore phenotypes of these patients using i2b2
tools and a translational team developed to work specifically
with medical record data

m Distributed networks cross institutional boundaries for
phenotype selection, public health, and hypothesis testing

m Personalized medicine is delivered into clinical care
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Research Patient Data Registry exists at Partners
Healthcare to find patient cohorts for clinical research

Query construction in web tool

1) Queries for aggregate patient numbers S — —
- Warehouse of in & outpatient clinical data De-
-6.7 mll_llon Eartners Health_car_e patients identified
- 2.5 billion diagnoses, medications, Data
procedures, laboratories, & physical findings
—— Warehouse

coupled to demographic & visit data |
- Authorized use by faculty status - A== —— —— =

- Clinicians can construct complex queries 5731984
- Queries cannot identify individuals, internally Z£74902%XX
can produce identifiers for (2)

Encrypted identifiers -

@
2) Returns identified patient data EFTTN
0000004 % -
- Start with list of specific patients, usually from (1) 2185793 0000004
- Authorized use by IRB Protocol :> 2185793
- Returns contact and PCP information, demographics,

providers, visits, diagnoses, medications, procedures, - E—
laboratories, microbiology, reports (discharge, LMR, Real identifiers R ——
operative, radiology, pathology, cardiology, pulmonary,

endoscopy), and images into a Microsoft Access

database and text files.




Tools  Help

Query Items ., ; .. v @ .= s Person who is using tool

Address L' http:/frpdrwebyrpdrvebdient/querytool .aspx?res =768
RPDR Enhanced Query Tool Le Jging: Duey, Stacey A. in workgroup of [EEN] Murphy
Find Patient s Match Controls | Analyze Patients Request Detailed o=ta Request Specimens I.Indersta

| Query Ites ~:|| yd Terms  Previous Queries Query Name: Query unde —
Nl GROUPS DO MOT HAVE TO OCCUR IN

L——_I,__-j Standard Ty Items

E nter detail
emographics detail

Diagnosis

Diagnosis Related Groups

,f Labaratory tests

L5 Medications

,f Microbiology

o e
(Ea E e

il

k
£

Eﬂ---g Molecular medidne
B3 Health History
B-() Providers

Eﬂ---g Procedures -
-4 Transfusion Services t t

I'_—'I--La Custem Query Items Q u e ry CO n S r u C I O n
- Jill Query Library
ﬁ Patient Sets

I:‘ Gander I:‘ fg= I:‘ Rzce I:‘ Witz \
I
4
= 3 \@am " Male 40 a0 ATB H W O U Alive__DeeTsed

o — —

&]Done D~ =" &Jlocal intranet
Results - broken down by number distinct of patients




‘2l RPDR Enhanced Query Tool - Microsoft Internet Explorer provided by Partners HealthCare System

File Edit View

Favorites  Tools  Help

Query Items IL'T_'.'[EI Previous Queries

Search For:

| Containing A | |ngr

|.A.II Categories Vl [Fi""jl

=- @ Search Items

E-CD EGFR

-] eGFR (Test:bc1-1334)

----- |:'] eGFR (Test:fc500, 1750)

----- [= eGFR (Test:fc500,1500)

----- [=) eGFR (Test:fc500, 1850)

-] eGFR (Test:mcsg-eqfr)

-] eGFR (Test:mcsg-egfr 1)

[ eGFR {Test:mcsg-pegfr)

..... [ eGFR (Test:ncafrmaa)

-7 EGFR Gene Mutations {Group:EGFR)
----- [ EGFR Sequencing (Test:mcsg-eqgfrs)

£

b

Query Name: EGFR, Respiratory and... on 01/24/2011 #3

“_-J| GROUPS DO MOT HAVE TQ OCCUR IM THE SAME VISIT | # |‘1J Sensitivity < | Resetall groupz to =0 | =Specificity
- | &

Oaztes I Recorded=0x I I Exdud:—l

Oaztes I Recorded>0x I I Exclude I

21 |O.rle or more dems recon:."ea1
5 DEe
----- [ [2235_2252del; 2258del
Responsive)
2235_224%del (Responsi
2236_2252del 2257delC
Responsive)
2261A =G (Presumed Res
2264C =4 (Presumed Res
2314_2319dup (Unknowr
Siu:lniﬁ'an'e‘
2319dupCAC {Unki
Signiﬁ-:an-:e;
. 2065G =C {Unknown Sig
T :Llnknu:-'.'.n Sit
(Unknown Sig
212SG>A (Respansive)

ooono

£ | *

[ >

21764 =T | Inknown Sir o

E Chne or more fems "E'CG"'{.TEG'
=1-IC3) Respiratory and intratharasic
organs
B-IC7) Malignant neoplasm of
larymnx
B1-IC) Malignant neoplasm of
nasal cavities, middle ear
and accessory sinuses
B1-IC) Malignant neoplasm of
other and ill-defined sites
within the respiratory
system and intrathoracic
organs
-0 Malignant neoplasm of
pleura
B1-IC) Malignant neoplasm of
thymus, heart, and
mediastinum
B1-IC) Malignant neoplasm of

£ | (>

A

W

| Resetan || First Group || shiftLett |

[ Shift Right ][ Lazt Group ][ New Group ]

Total count: 269+3 patient(s) a

Gender Age Race D Vita
i v
I o &
! 2 E
(=]
oL <<

Famala Male

40 a0 |

Alive Deceased

@ AspTreevView /MetaDataTree_Sub.aspx?ParentFolderld =DGMNMNeoplasms {140-233)0x 5CMalignant neoplasms {(140-203)0x 3CRespiratory and int
-

‘ﬂ Local intranet




A RPDR Detailed Data Request Wizard -- Web Page Dialog
Using Partners IRE#2002P000381 (Research Patient Data Registry (RPOR)) to obtain data from the RPDR

You are logged in as Duey, Stacey A. in workagroup Shawn Murphy, MD

Please enter your IRB protocol.

Partners IRE (required): | 2002P00038 1 v |
Title: Reszarch Petien: Dtz Regiery
(RPCH)

Status: Active - Ongoing

Mewton Wellesley Hospital IRB: | v |
Spaulding Rehabilitation Hospital IRE: | W |
North Shore Medical Center IRE: | NSM 2008-786 demo v |
Titke!
Status

Options for returned s=t of patients:
Evclude Partrers Heslthozrz employess
|:| Craszte = static sat of petients from this query thet can be used in other RPOR queries

step3__ [1>] [Gna)




Detailed data is gathered

i Process IRB files ..

Envirohment Record Optionz  Help

File: |SNMU_E|225E|2‘IE4303548842.><ML d
File: Type: IControI File: j Current Production Database: ¢ RPDR_12 ¢ RPDR_12 5241
T — Shatu
Update Status = Start Process After Iﬁ 9:00:00 P j
- IRE Infarmation PiocesiREFiles: []

.
IRB Nurnber2000P000000 =] Ends O t t f I I d
Dae fram: 077011300 Date tox [01/01/1300 Pieeess CountDown: u p u I e S p aC e

Primary U ser{snmi  Status Detail |

. . .
Files bo MGH Users: |F‘artners\snmU,Parlners\zzp,F‘artners\kcs3 I n S p e C I aI d I re Cto r
Contact/Lab: (]
BwH Users: IPartners\kla‘l Partnershsnm0 Partnersikcs3 y
Demngraphics: (]
- Data Requested icrasoft Access - [MGH_Labs - Table] M= |
Demographics [~ fedial fesord fimbers 2 Encaunter: [] File Edit Wiew Insert Format Records Tools Window Help ;Iiljl‘
Encourters [ Contact Infarmation [~ Fiadiology ™ &.|U‘§@“j}|%é@‘xﬂ%@ﬂﬂﬂ‘@ﬁ?“ﬁ‘wﬁ“f@v‘@‘
Hematology [~ PCR ™ Pathology ™ MRN: ] Test Id__ | Test Description| _ Result | Result Text [Abnormal_Flag Reference_Uni|Reference_Range] =]
Discharge Summaries W Immunalogy LR Motes [~ | |SQ-RPTT Superstat APTT  29.8 sec 22.1-351 =
WMedications [ Operative Notes LIR Problems [~ L = ESEE iEE gig g zzz 55}32 1
LMR Allergies [ LMR Medications [ Build Access Databass W Access DB: HE APTT 16.4 H sec 22.1-35.1
GIUUDS.IBUN | |SQ-PTT APTT 431 MODERATELY H sec 22.1-351
| [S0-PTT APTT 287 sBC 221-35.1
| |SQ-PTT APTT 237 sec 221351
Flun | - | e | BE" APTT 254 soc 21381
| |SQ-PTT APTT 247 sec 221351
| |SQ-PTT APTT 240 sec 221351
| |SQ-PTT APTT 247 sec 221351
| |SQ-XPTT Superstat APTT 313 s8C 22.1-351
- | |SQ-PTT APTT 345 sec 221351
Data is gathered from RPDR | = & £ —=—:=
| |SQ-PTT APTT 45.0 H sec 221351
| |SQ-XPTT Superstat APTT 552 *** Mote: New n H s8C 22.1-351
| |SQ-PTT APTT 336 sec 22.1-351
| |SQXPTT Superstat APTT 343 sec 221351
and other Partners sources £ @ — =
| |SQ-PTT APTT 228 sec 22.1-341
| |SQ-PTT APTT 7.4 H sec 22.1-341
| |SQ-PTT APTT 7.2 SLT HEMOLYS H sec 22.1-341
| |SQ-PTT APTT 381 H sec 22.1-341
| |SQ-PTT APTT 6.4 MODERATE HEH sec 22.1-341 =
Record: Al ([ 1 Lvilea] of 105184 Al 5 2hatnn _>|_I
|patasheet view ] | I 4

Files include Personal Database



The Partners Biobank

Consent)
Samples

» The Partners Biobank provides
samples (plasma, serum, and
DNA) collected from consented
patients.

» 64,000 patients have consented
to date

» Samples are available for
distribution to Partners
Investigators* to help identify
novel Personalized Medicine
opportunities that reduce cost
and provide better care

Research Discoveries

*with required approval from the Partners Institutional Review Board (IRB).

Improved Clinical Care for All Patients




Biobank Integrative Genomics Strategy

Partners BioBank Samples
(Whole Blood Extracted DNA/RNA)

Epigenome
Profiling

Genotyping Transcriptome

[llumina MEGArray: Whole Transcriptome Analysis: Methylation Analysis:
Multi-Ethnic GWAS/Exome SNP Array RNA-seq HumanM450K Array

Array Cost:
Array Cost: $59/ sample Array Cost: $150/sample
$40-50/sample

enome/Transcriptome Analysis: ~5100/sample

Genome/Transcriptome/Epigenome Analysis: ~5260/sample
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Partners Personalized Medicine Components

/ 7/
N\
\\
N\ N ,_l
T eaine _

Medicine
Sanger Sequencing Sequencing
Targeted Next Gen Seq Genotyping
Whole Genome Seq (WGS) Microarray
Medical Exome (WES) RNA Segq.
6.7 million Partners patients /
Data from EMR
N Additional research data
N Validated phenotypes/controls N
Genomic Data Repository (GDR)

o o W W o

PPM Information Technology /IT, Bioinformatics, Research , Administrative
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High Throughput Methods for supporting Translational
Research

m Set of patients is selected from medical record data in a high
throughput fashion

m Investigators explore phenotypes of these patients using i2b2
tools and a translational team developed to work specifically
with medical record data

m Distributed networks cross institutional boundaries for
phenotype selection, public health, and hypothesis testing

m Personalized medicine is delivered into clinical care
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RPDR Evolved into international “Informatics for Integrating
Biology and the Bedside (i2b2)” sponsored by the National
Institutes of Health, what is it?

m Software for explicitly organizing and transforming person-
oriented clinical data to a way that is optimized for clinical
genomics research

m Allows integration of clinical data, trials data, and genotypic data

m A portable and extensible application framework

m  Software is built in a modular pattern that allows additions without
disturbing core parts

m Available as open source at https://www.i2b2.org



https://www.i2b2.org/

12b2 Community Software Modules contributed as “Cells”

| File Edit View History Bookmarks Tools Help | [ ]

@ i2b2 Dashboard Home - i2... x

; (0 | community.i2b2.org/wiki/display/dash/i2b2+Dashboard+Home El|l ¢ AicsSearch 7‘ 3 f ' B A4 = - & g = ”

New i2b2 Community Projects

i2b2 FHIR Cell

Built by Kavishwar Wagholikar, this i2b2 addition allows SMART cells to communicate with the i2b2 core using the
N Fast Healthcare Interoperability Resources.

Tig M C3-PRO FHIR Uploading Cell

C3-PRO Research Framework is an iOS framework written in Swift. Combining FHIR and ResearchKit, usually for data
storage into i2b2, this framework allows you to use FHIR Questionnaire resources directly with ResearchKit and will
return FHIR QuestionnaireResponse that you can send to your server. In addition, a FHIR Contract resource can be
used to carry trial eligibility requirements and define content to be shown during consenting. Subsequently, the
contract can be “signed” with a FHIR Patient resource and returned to your server, indicating consent.

Current i2b2 Community Projects

Loyalty Cohorts

Because electronic health records are often missing information about patients, we developed and validated a
tunable computer algorithm to identify subsets of patients whose data are relatively complete and therefore better
suited for clinical research studies.

Workplace Items Sharing Enhancement

A collection of webclient plugins that Enhance the Sharing of Items within the Workplace pane

Ontology Tools

» Tools to extract and organize ontologies. The tools are organized by Lori Phillips. Recent additions is a library of
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12b2 Cell: The Canonical Software Module

Business Logic

i2b2

Data Access

Data Objects

P
HTTP XML

(minimum: RESTful)
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An 12b2 Environment (the Hive) is built from i2b2
Cells

“Hive" of soffware services
provided by i2b2 cells




12b2 Software components are distributed as open source

/=) i2b2: Informatics for Integrating Biology & the Bedside - Windows Internet Explorer - |EI|£|

2]

5\‘;———;‘ - Ii?hE htbps: f w22, orgfsoftwarefindesx . html E |E| |E| IGnogIe

File Edit Wiew Favaorites Tools  Help

Go gle - i’ Search - -
8

‘More3 . Signin A v WEyConvert - [ Select

v e g - Bl - - srPage - GiTes - @ 1 B

¥ AILITVEU SULTLE WUUE
« Contributed

o Tutorial = , i2b2 Web Client  Launchthe AJAX web client in your web browser

s Guestbook™

» Statistics *

Documentation

Howver over the modules below for the latest documentation: i2b2 Workbench

i ) . The i2h2 Workbench is & collection of
ey [lizbz core call [ i2b2 Optional Cell [] Wiorkhen| glient-side components designed as
" Eclipze-haszed java plug-ins that
D ieh Cliznt |:| CRC Plug communicate with 202 Cellz and allow
the investigatar to guery, analyze, and
dizplay the data of the hive, generally in
greater depth than the wekb client.

Project
Management

= Installation Guice

b= B e -

File PFT

- ) = Tutorial Document
Repository Processing

Ontology Identity # Developer's Guide

Management Management

pr [ Goto Dovwnload Client

Data Workfiow
Repository Framework [ Go to Download Source
{CRC)

Analysis

Text
Analyzer
Plug-in

[

[ |

hktps: [ fuma,i2b2, orgfsoftware findes, html# Internet o 100%
| )

-

A




Im

plementations

CTSA’s

= Boston University

m  Case Western Reserve University (including Cleveland Clinic)

m  Children's National Medical Center (GWU), Washington D.C.

m  Duke University

m  Emory University (including Morehouse School of Medicine and Georgia Tech )

m  Harvard University (including Beth Israel Deaconness Medical Center, Brigham and

Women's Hospital, Children's Hospital Boston, Dana Farber Cancer Center, Joslin
Diabetes Center, Massachusetts General Hospital)

Medical University of South Carolina

Medical College of Wisconsin

Oregon Health & Science University

Penn State Mllton S. Hershey Medical Center

Tufts University

University of Alabama at Birmingham

University of Arkansas for Medical Sciences

University of California Davis

University of California, Irvine

University of California, Los Angeles*

University of California, San Diego*

University of California San Francisco

University of Chicago

University of Cincinnati (including Cinncinati Children's Hospital Medical Center)
University of Colorado Denver (including Children's Hospital Colorado)
University of Florida

University of Kansas Medical Center

University of Kentucky Research Foundation

University of Massachusetts Medical School, Worcester
University of Michigan

University of Pennsylvania (including Children's Hospital of Philadelphia)
University of Pittsburgh (including their Cancer Institute)
University of Rochester School of Medicine and Dentistry
University of Texas Health Sciences Center at Houston
University of Texas Health Sciences Center at San Antonio
University of Texas Medical Branch (Galveston)

University of Texas Southwestern Medical Center at Dallas
University of Utah

University of Washington

University of Wisconsin - Madison (including Marshfield Clinic)
Virginia Commonwealth University

Weill Cornell Medical College

Academic Health Centers (does not include AHCs that are part of a CTSA):

Arizona State University

City of Hope, Los Angeles

Georgia Health Sciences University, Augusta
Hartford Hospital, CN

HealthShare Montana

Massachusetts Veterans Epidemiology Research and Information Center
(MAVERICK), Boston

Nemours

Phoenix Children's Hospital

Regenstrief Institute

Thomas Jefferson University

University of Connecticut Health Center
University of Missouri School of Medicine
University of Tennessee Health Sciences Center
Wake Forest University Baptist Medical Center

HMOs:

Group Health Cooperative
Kaiser Permanente

International:

Georges Pompidou Hospital, Paris, France
Hospital of the Free University of Brussels, Belgium
Inserm U936, Rennes, France

Institute for Data Technology and Informatics (IDI), NTNU, Norway
Institute for Molecular Medicine Finland (FIMM)
Karolinska Institute, Sweden

Landspitali University Hospital, Reykjavik, Iceland
Tokyo Medical and Dental University, Japan
University of Bordeau Segalen, France

University of Erlangen-Nuremberg, Germany
University of Goettingen, Goettingen, Germany

University of Leicester and Hospitals, England (Biomed. Res. Informatics Ctr. for
Clin. Sci)

University of Pavia, Pavia, Italy
University of Seoul, Seoul, Korea

Companies:

Johnson and Johnson (TransMART)
GE Healthcare Clinical Data Services



Interogation can occur through i2b2 web client

3 izbz Web Client - Windows Internek Explorer

_|ol x|
L’E_:':}/F “\"_f) - I& http:/iphsizb2appdew. mgh. harvard.edufwebclient # j |§| |E| IGDDg|B |P "|
File Edit ‘jew Favorites Tools  Help

Gougle | LI Hsearch - @8 - mu - [E - gp- | @ shae- | P T . SionIn T & Convert ~ [P Select
A (& izbz Web Clisnt ﬁ - v @ - @Eage - @Tgﬂls -

izb2 Query & Analysis Tool Project RAMart Test  User lori Find Patients | Analysis Tools | Message Log | Help | Logout

(UL GICEE Bl || Find Terms Query Tool

= e

Blg visit - Query Name: | |
a5 Clinic

ﬁ Tempaoral Constraint: | Selected arouns occur in the same financial encountsr |
Hospital

- 5] Brigham and Womens
E Faulkner Dates | Occurs = 0x | Exclude || Dates | Occurs = 0x | Exclude || Dates | Occurs = 0x | Exclude

E Massachusets Ceneral r | Occurs in Same Encounter + | | Occurs in Same Encounter v | | Treat indegendently. |

| | Mewtan Wellesley | d Ol Brigham and Womens [ malignant melanama of skf| £ Female

L] »
5

-

QICDS one or one or one or

=5 sHaRED more of nm more of more of

these these these
1 |

soomws [ ][ Jnewcrow ][ ]

Eﬁ Arterial vascul@02:17:06 [3-4-2011] [lcp5]
; EE Arterial vascul@19:11:21 [3-4-2011] [lcp5]
: EE Arterial vascul@01:49:21 [3-4-2011] [lcpa]
5 arterial vascul@14:48:50 [2-4-2011] [lcpa]
EE Arterial vascul@14.27:28 [3-4-2011] [lcp5]

mFEl aderialuac @4 14-22 12.4.20441 [lenEl =

| »

[~

|g£| Done, but with errors on page, I_ l_ l_ l_ l_ H |° Internet | H100% - 4




12b2 Workbench provides a detailed patient view for
Investigator

= 201
Patient Recruitment Workbench Shawn Murphy Status: @ LOOMI Holp I
(«-e.wlvmlm | Group 1 %] | Group 2 %] Group 3 %] Db 123 s éh(z)
® ‘:;’)mm‘ Al [ostes|  ocewsix [ Excde Dotes | Occurs 1k | Exchode | Dotes | Occurs 1x | Exchodo | Related Topics '
543 Clagnoses & C About Outhne A
* 3 Cradatory system [} Precrizens :htofc-o-wﬂ acchcatin) of & rescarcn by edted.
() Condtiors 0 the pernatal period Views
) () Conpartal anomabes and and | Add O Vi
® () Oorstve systees Group
o ) Endocrom deorders v Dynaenic Help
* ) Everns of peegnancy Sowh reshts
o J Gentournary systeem Ui the 39w bromesrn) pavsgeactive
# () Hematolonk dseases O view |
O gw«mmnmm Sewrchng the worbench
& )y m’:""“’ Reset | Fun Query Cpenng » Jeva edter -
. ?' Mectsl 13 gJd _ ¥ ate
¥ jmm k40 N‘ (' d”d":”u Croots model for Timolre Render & Tineloe | Nty B tewch B ockmants .
# (2 Meoplasms 1D Patient Schodde 3 N > 0)
~) Neurckogic Ousorder: ELad ° ) ? 3 4 H ¢ ——— = ————
- j Nrbons ;:,“; ¥ Person_#332032_Female_03yrold__While | John Smith
= 3 Respratory systen ¥ Bronchodiators v AREAT000 9106 e - 1200w
® () Aase respratory nfections ITRT IR B e s
3 3 Chroek cbtruxtive dseses ¥ Predmesolone-Pr.. Warping. Braan Werman, KO
Fa I ILIBR R RIN LN 1) Ve Tppe ACT
i: :: ml " o W Pergon_#32008__Female_ 37yrold_ Wiite
B8 W Bronchodilators ¥ AVEA006 00 pew - 300 pen
- & Eronchiectass i P unmmnm “axrenks
2 Qe 40 NOS ¥ Predmsolone-Pr. POS
® ) Groncholectass i Gardon, Buasn Bum WO
g Broehiss NOS W Person_#32202_Male_ Dead_ Black 0 ven type 18T
Broechits, ot specind as sose o .
¥ Bronchocilators o
30 COD [Oyoenc cbstructive b dised 11 1% Report Diagnosis Detail Image 2
Patiant Sets l ¥ Predmusolone.Pr. » == 3
I
P ‘_’J Digestive System, BAH on 082106 W Person_#82220  Female  63yrold  White
© m 010106 - 34 Patierts 11 ¥ Bronchodiatose i
o) 0102086 - 78 Patierts ¥ PredmsalonePr.
= @40 0123006 - & Patierts ' =
John Smith o um S 2 s 0 B -
Witkom Cortter
Serah Abern Patient Set: | Patient Set - 3884 Palients zxz I Ra |o Increment: | 10 =35 l
Rebecca Lynn
) A 031606 - 9 Patierts =101x]
3 &3 Cradetory System on 07/2206 Drop Patient Object
= 8 010105 - 34 Patierts of m— |- ‘ ol Oisplay
® 010106 - 34 Patierts o S
@ 0471806 - 49 Paterts (===
« 0872305 - 3P atierts
8 030108 -G Paterts
Mike U —
David Jotnes :l Author: Tobin T. Fricke
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Psychological Medicine (2012), 42, 41-50. & Cambridge University Press 2011
doi:10.1017 /S0033291711000997

Using electronic medical records to enable large-scale
studies in psychiatry: treatment resistant depression

as a model

R. H. Perlis™**, D. V. losifescu™?, V. M. Castro’, S. N. Murphy®, V. 5. Gainer’, ]. Minnier®, T. Cai®,

S. Goryachev', Q. Zeng’, P. ]. Gallagher®, M. Fava', |. B. Weilburg', S. E. Churchill®,

L. 5. Kohane' and J. W. Smoller*

ORIGINAL ARTICLE

Use Phenotyping
Algorithms to define
cohorts of treatment-
resistant and treatment-
responsive depression

-]
Need to Determine: Depressed or Well unter
'.7'; '/' /‘/_.""
o | "?'/ ,’/ o | ‘-4.—
S . . o P
.’/ /."' ;
-
.. © © _,,. o o .
Initially:  z S - 2 81 ¢ mgly-o -
= . E=] I . =
AUC = 0.5% i p -
n < . ) ) s
=17 A f
| mprove Accuracy of Diagnoses | ...
Finally: ' y:
' ] i AUC =0.86
N — U.
AUC =0.87 &1 from Electronic Record
| == NLP + Billing Codes h = = NLP + Billing Codes
IR - NLP I - NLP
o | -—- Billing Codes o |1 +=- Biling Codes
o o
T T | T T w T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
Clinical Status  Model Specificity Sensitivity Precision AUC
Depressed Billing Codes 0.95 0.09 (0.03) 0.57 (0.14) 0.54 (0.02)
Depressed NLP 0.95 0.42 (0.05) 0.78 (0.02) 0.88 (0.02)
Depressed NLP + Billing Codes 0.95 0.39 (0.06) 0.78 (0.02) 0.87 (0.02)
Well Billing Codes 0.95 0.06 (0.02) 0.26 (0.27) 0.55 (0.03)
Well NLP 0.95 0.37 (0.06) 0.86 (0.02) 0.85 (0.02)
Well NLP + Billing Codes 0.95 0.39 (0.07) 0.85 (0.02) 0.86 (0.02)
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Data Integration | Phenotype Discovery Center

Electronic Medical Record (EMR) Data

Informatics Tools
" RPDR Y

Coded Data Text Data (Notes/Reports) Calculated Controls (Charlson Index)
Demographics | Medications | Physician Notes - - - -
Diagnoses Procedures Imaging Reports Data Visualization | Data Querles
Lab Results Visits Pathology Reports Annotation Extract Data

Surgery Notes )
\ _— Natural Language Processing

Additional Data Genetic Data

I
@ter Research
ata |§ fl
WAS
I
@ey Data
e

Biobank Datg

Validated Phenotypes

Type Il Diabetes IBD
Coronary Artery Disease | Multiple Sclerosis
Congestive Heart Failure | Bipolar Disorder

Rheumatoid Arthritis

DNA
Serum
Plasma

Recontact
Consent Status

Research
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Curating a Disease Algorithm

1. Create a gold standard training set. 3. Develop the classification algorithm. Using the
data analysis file and the training set from step 1,

assess the frequency of each variable. Remove
variables with low prevalence. Apply adaptive
LASSO penalized logistic regression to identify

|| view Resutts || Prugin Halp |

e 10 [ go | [ ===
Savimn

021
LCS-1282XR_RPT_DID

e highly predictive variables for the algorithm

Standardized Coefficient Esimale
[}

Constraints on Madel Camplexity

2. Create a comprehensive list of features
from patient’s electronic data that
describe the disease of interest

4. Apply the algorithm to all subjects in the
superset and assign each subject a probability of
having the phenotype

Unified Medical Language System

ta
typs
voc nother
[Ficon [SNomm’ Star -
| St s | 1 .
- .
o ms are , .

10

e |
RxNorm Read repr 24 .
e = '
2 ppd history smoking ... ——|—]— 1 .
P
Family history: Sister died Diagnoses Billing codes . 2 4 -
U
at 74 years... L1, R i %
o 5

@ L
Mrs Jones was discharged Hi = |
ona 1,500 mi fluid — | IMEieTons M"“"“?‘ com S .
restricti r_ 00¢ L
0.4 mg/spray 1-2 spray po. i ¢ r
 Aciphex 20 mg (20 mg i Hiory o |
tablet DR take 1) PO ° i
Discharge di acute i

ischarge diagnosis: —
| e waai i — - Note Level: Relaxed ALASSO, AUC = 0.931
t 24" ++ Patient Level: Logistic Regr, AUC = 0.823 25
T T T T
0.0 02 0.4 06 08 1.0

Nature Reviews | Genetics
1-Specilicity



Cumulative fractional anisotropy

White matter abnormalities associated with
treatment-resistant depression

e Scans collected as part of
routine clinical care
 Diffusion tensor imaging in

150 pts

« Age-related decline in white
matter integrity increases
with treatment resistant

depression

ropy

umulative fractional anis

C

Medial fornix shows
strongest effect

-6 HC r= -0.420%%* Aoaa

4 = MDD F-Rem r=-0.132

=== MDD P-Rem = -0.240
== MDD N-Rem 1= -0.595%#%*

0 30 40 50 60 70 80

Age (years)

1SD)

opy (mean

OLr

Fractional anis

0.1

0.0

Hoogenboom et al. World J Biol Psychiatry, 2012
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Biobank Portal | Curated Diseases

Validated Phenotype Predictive Positive Value

Bipolar Disease 71 89%
Congestive Heart Failure 387 90%
Coronary Artery Disease 2,420 97%
Crohn’s Disease 453 90%
Multiple Sclerosis 94 90%
Rheumatoid Arthritis 550 90%
Type 2 Diabetes Mellitus 1,887 97%
Ulcerative Colitis 330 90%
0 — 10-year survival probability is >98.3% 2,206
1 — 10-year survival probability is >95.87% 4,343
2 — 10-year survival probability is >90.15% 6,545

* Based on 15,880 patients
** Based on 21,300 patients



High Quality Phenotypes available for Genetic Studies

| File Edit View History Bookmarks Tools Help [ )
Partners Biobank Portal x
(4 ) il & @ | https:/biobankportal.partners.org/4-0/?user=snmo & || Q Search 4 # W Ba 4 = |- F =
PARTNERS, FPE’:";“(L Biobank Portal Genomic Pilot [Logout] & Find Patients ® Make Request M Help & Support £ shawn Murphy, MD

Navigate Terms H Find | Query Tool

/5] Biobank Consent Information € Query Name: | Prima-CHF —Gene@14:22:40
' [ Biobank Demographics &
El5” Biobank Genomics &

-5 All people with genomic data - 9358
E dbSNP rs |dentifier - 4930 ) Dates Occurs = 0x Exclude || Dates Occurs = 0x Exclude || Dates Occurs = 0x Exclude

E Gene—493ﬂﬁ Ed1 INJE[ gently - reat independently « reat independently v
[]..E Biobank Health Information Survey & O] Primary dilated cardiomyapathy - 0] CHF - current or past history (PPV E Gene [contains "TTH AND
Sl i SamsleTpes O oo ey
IZ—II,@ Curated Disease Populations € start_loss OR stop_loss)]
5] Asthma (AST) @ - -

[5] Bipolar Disorder (BD) @

[5] Breast Cancer (BRCA) @
t Chronic Obstructive Pulmonary Disease (COPD) &)
E,@ Congestive Heart Failure (CHF) )
. 5] CHF - current or past history (PPV 0.90) - 700
0] CHF - no history (NPY 0.99) - 36024

:
g;’;g:;rg?:::;fggfg‘m“ 3 Groups [ ][ ][Wew Group ][ ][]
IS Depression (DEF) @ Show Query Status ‘ ‘ || Query Report ‘ ‘ Download Results ‘
-l Epilepsy (EPIL) €
5 Gout (coUT) @ o
I Hypertension (HTN) © Number of patients 3
Multiple Sclerosis (MS) &
[51 Obesity (OBES) @ 7 0
,@ Rheumatoid Arthritis (RA) €
[5] schizophrenia (SCzZ) @
,@Type 1 Diabetes Mellitus (T1DM) &)

--@Type 2 Diabetes Mellitus (T2DM) &
S Bl . Lidie 1 ey A0

Temporal Canstraint: | Treat all groups independenthy

For Query "Prima-CHF --Gene@14:22:40"

28



Genotype Data

[aviate torms || 20

& (v &

@/} Biobank Consent Information €
/3] Biobank Demographics €@
E] ~” Biobank Genomlcs W

l ,@ Biobank Health Information Sun.rey (7]
/5] Biobank Sample Types ©

[5] Curated Disease Populations @
/5] Healthcare Data @

[5] Healthy Populations (Controls) €

Search by Gene

[QueryToo |

Query Name: |

Temporal Constraint: [

Dutu| Occurs > 0x | Exclude g

th v

[lm' Gene - 10097 O ]

drop a
term
on here

Use the gene name box to specify the variant for which to search. When you begin typing in the search
box below, a selection list will appear after you type the first characters.

Gene Name*: APO|

APOA1
Please note the zygo APOA1BP
a particular variant (f APOA2
APOA4
APOAS
Consequence: APOB
APOBEC1
APOBEC2
APOBEC3A

APOBEC3A_B
APOBEC3B

Zygosity*:

query for patients without

[oc]|_comn |

TTN

Navigate Terms H Find | o v &

® /5] Biobank Consent Information €

Cauery Too |

Query Name: |

® 5] Biobank Demograpmcs (7} e C
E]r—:" Biobha s

5 dosiVprs ieritier- 10097 0 —TI—
@ ri1 N Dates | Occurs > 0x |Exclude || [
o Eﬁ People with genomic data - 10097 Treat independently v

® /5] Biobank Health Information Survey € 3

% /53] Biobank Sample Types @ ['DJ' dbSNP rs Identifier - 1009|

® /5] Curated Disease Populations €

#-/5] Healthcare Data @ dt?r':na

® 5 Healthy Populations (Controls) € on here

Search by dbSNP rs Identifier

Use the rs identifier box to specify the variant for which to search. When you begin typing in the search
box below, a selection list will appear after you type the first three numbers.

rs identifier*: rs1234
512340033 | Cto G
Please note the 2yg0 rs12340061 | Gto A
particular variant (ho
after you starttyping | 'S12340067 | Cto T
(nucleotide onthe ri¢ rs12340088 | Tto G
Zygosity*: rs12340105 | Ato C
rs12340107 |Gto T
rs12340117 | Gto A

rs12340120 | Gto A

rs12340129 | Ato G
rs12340149 |Gto A
rs12340158 | Tto A

'—Juto query for patients without a
dentifier that appears in the box
on the left) to the alternate

Coc|_coneer |

| onhere |

-—

*3349 SNP or indels

+1680 Homozygous
+1336 subjects with protein altering (frameshift,

missense, nonsense, start loss, stop loss) variant

29



Partners Biobank Portal — Request Genetic Data

[') Partners Biobank Portal  x \ |

& - C [) biohankportaldev.partners.org/devclient/

PARTNERS F'ORBANKL B FindPatients =~ ® MakeRequest = B | M Help&Suppot =~ & Watianasin, Nich
Request Genomics ol [v
. . Logged-in: Waﬂanas@n: Nich (nw026) ﬂ |
@ Biobank Portal Genomics Request nuattanasin@partrers.org Admin
The Biobank contains subjects who have consented to make their genomic data available for research. To request genomic data, please fill outthe form
below.
Once you have submitted this form, you will be contacted by the Biobank team to complete your request. Please note that no genomic data will be sent I
out without a discussion with the Biobank team. |
For more assistance on making a genomic data request, please refer to the Biobank Wiki section 'How to Make Genomic Regquests Using the Biobank |
Portal or contact us. I
I
Step 1. Patient Selection: |
) l
Choose Your Patients: [# Enter a list of Biobank SublectDs  OR [ Selecta Previous Query |
... Typeorpaste alistof Biobank SubjectIDs, one per line. You can find Subject IDs by downloading the de-identified data |
Your Patient List: sat Do not enter MRNs. |
10021040 l
10022384 I
10018624
10016243 |
10019029 ﬁ
10020963 o _
4
Step 2. Details of Request: :
Request Type: @ De-ldentifed OR O Identified
Contact Name*: | Wattanasin, Nich |
I
I
Contact E-mail*; | nwattanasin@partners.org |
l
—— y
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High Throughput Methods for supporting Translational
Research

m Set of patients is selected from medical record data in a high
throughput fashion

m Investigators explore phenotypes of these patients using i2b2
tools and a translational team developed to work specifically
with medical record data

m Distributed networks cross institutional boundaries for
phenotype selection, public health, and hypothesis testing

m Personalized medicine is delivered into clinical care



]
M
emerge network ©

ELECTRONIC MEDICAL RECORDS AND GENOMICS g

Sequencing
100 high-
priority genes

PARTNERS ’ BIOBANK

HEALTHCARE

25,000 Network-wide

oy Q) Q) W

Penetrance and Pleiotropy

Receive LDLR LoF Results r
| — pr——r—— Qutcomes:

. MD visits
bl Weeks y5) | Labs/LDL levels
Genotypin ) Health care costs
y p g ﬂ#_ | | | | L Prescriptions

Family screening

Treatment as usual
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Federated Queries in PCORNet

SHRINE Project SHRINE User: Shawn Murphy Find Patients | Message Log | Help | Logout
| Navigate Terms N LT Query Tool B EE
[ Search by Names | [ Search by Codes | Query Name: | Acute hepatiis@12:45:50 |
Containing v |nepattis ¢
Any Category v
RUER T Ao || |[ates| occurs>0x |[Exciude Dam Occurs > 0x | Exclude Dates Occurs>0x | Exclude
5] Hepatitis b core igm antibody test Treat Ind -
1)) 5] Acute hepatitis ¢ with hepatic ct
5] Hepatitis b vaccine injection administered or previou B Acute hepatitis ¢ without menti
5] Hepatitis bvirus (hbv) status assessed and results i 4 (@] Unspecified viral hepatitis ¢
[5] Hepatitis c antibody [ B Unspecified viral hepatiti
/5] Hepatitis ¢ antibody ] Unspecified viral hepatiti
5] Hepatitis ¢ antibody B]Unspeci  OneOr hitis ¢ dron a
e " more of lenn
2] Hepatitis ¢ antibody confirmatory test H on here
5] Hepatitis ¢ antibody; test (eg,
5] Hepatitis ¢ antibody measurement < | m
51 Heoatitis ¢ antibodv test 22
G ; = [ Jmewcow ]

5ep0

& Arthropathies a@17:23:51 [2-11-2015] [smurphy] A
[ Nephritis, neph@15:56:29 [2-11-2015] [smurphy] | =|
& Major-Femal-18-34@17:36:09 [2-4-2015] [smurphy |
@-f3 Major d-Female@17:34:30 [2-4-2015] [smurphy]
[‘E Major depressiv@17:32:43 [2-4-2015] [smurphy]
@ Appendl -Black 0@15:57:24 [1-28-2015] [smurphy]
15:55:07 [1-28-2015] g
< i i

Finished Query: "Acute hepatitis@12:45:50"
Temple - 10 patients or fewer
Wake - 4274 +3 patients
BCH - 501 23 patients
BMC - 8922 +3 patients
CCHMC - 212 3 patients
Partners HealthCare - 18750 +3 patients
UT - 3516 +3 patients

> |[®

[63.5 secs]
FINISHED [2.0 secs]
FINISHED [3.0 secs]
FINISHED [4.1 secs]
FINISHED [4.6 secs] |~
FINISHED [8.0 secs]
FINISHED [6.1 secs]

FINISHED [26.8 secs]

Partners HealthCare System

Boston Children’s Hospital
BIDMC

Boston Health Net (BMC and
Community Health Centers)
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Distributed Query System

1. Certify

investigator
. Query

2. Compose

CHB Query

CHB

PM Broadcaster
Aggregator

CHB
Composer

Results

8. view
aggregated
results

3. Broadcast

7. Aggregate

5.12B2 CRC
Query
(no changes)

4. Verify user,
adapt for —
local CRC ‘ARTNENRS.

CRC

Partners
Responder
Adapter

CHB
Responder
Adapter

BIDMC
Responder
Adapter

6. Send
results to
aggregator



Run Query Using SCILHS-SHRINE

SHRINE Project SHRINE User: Shawn Murphy Find Patients | Message Log | Help | Logout

Navgate Terms || [EXERRY | S8 ouery ool | LI

Search by Names | | Search by Codes | Query Name: [ Acute hepatitis@12:45:50 |
Containing |hepatitis ¢ |
m Any Category v h
D] Hepalitis b core antibody measurement - Dates Occurs > 0x Exclude || Dates Occurs > 0x | Exclude || Dates I Occurs > 0x Exclude |
5] Hepatitis b core igm antibody test Trest Independently v Treat Independently v Treat Independently v
) £ Acute hepatitis ¢ with hepatic ca
Bl 5] Acute hepatitis ¢ with hepat
- (] Hepatitis b vaccine injection administered or previou 5] Acute hepatitis ¢ without mentia
- 5] Hepatitis b virus (hbv) status assessed and results i bl {51 Unspecified viral hepatitis ¢
-5 Hepatitis ¢ antibody L4 B Unspecified viral hepatiti
- ] Hepatitis ¢ antibody - [ Unspecified viral hepatiti |
- 5] Hepatitis ¢ antibody Ol Unspeci oneor gitis cm drop a m d
| 5 . A more of term
--Q] Hepatitis ¢ antibody confirmatory test || these on here
i - (3] Hepatitis ¢ antibody; confirmatory test (eg, immunobl
- (] Hepatitis ¢ antibody measurement < | m | »
- 51 Hepatitis ¢ antibodv test Y N

i : o [ Jewerow] I ]
W] Provious queris | PREISIN Guer staws | ®

EEH Arthropathies a@17:23:51 [2-11-2015] [smurphy]  # Finished Query: "Acute hepatitis@12:45:50" [63.5secs] ~
--EE Nephritis, neph@15:56:29 [2-11-2015] [smurphy] ;5| Temple - 10 patient§ or fewer FINISHED [2.0 secs] |
! w5 Major-Femal-18-34@17:36:00 [2-4-2015] [smurphy Wake - 4274 +3 patients FINISHED [3.0 secs] ‘l
| || =& Major ¢-Female@17:34:30 [2-4-2015] [smurphy] gﬁg 5 233533“232:33 i:s:gﬁgg }:-; 2222} 3 |
i Malor dopressMBHA243[2-4-2010] [smupin] CCHMG - 212 43 patients FINISHED [8.0 secs]
QIR AR Appendi-Black o@15:57:2411-28-2015} lsmurpiny] Partners HealthCare - 18750 +3 patients FINISHED [6.1 secs]
' @ Appendicitis@15:55:07 [1-28-2015] [smurphy] UT - 3516 +3 patients FINISHED [26.8 secs]

0 < | [T | » -
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Workflow at the sites to find patients for a clinical
trial:

After a query is run across the “SHRINE" network, the query is
automatically saved at every site

The query saved at each site is transformed into a patient set

The patient set is studied and sorted for the specific patients
eligible for the Clinical Trial



Review Patients at Sites

File  Window Help

L
£ 1000000002 [44 yjo F white]
£ 1000000003 [41 y/o M asian]
£ 1000000004 [34 yjo M black]
1000000005 [37 y/o F hispanic]
= A0NNANNN10 I3% win F hisnanicl

=

1000000001 [24 y/o F black] ™

Be... |02-14-20140:45:29

s )=

LI}

& Mavigate Term | @ Find Terms 52 = O @ Timeline View (. Analysis View (. Patient Mapping View(. CTViewer 2 @ | < = O | 4 workplace 2 =0
@ | & o | Select Patients I Select Concepts | Hender Tabie | @ | hid
Search by Names | Search by Codes 1 SHARED
— Set # Patient Set Name [ Clinical Trial 'Asthma’
|Containing v | reductaseinhibitors 1 Patient Set for "Asthma-Albuter@01:06:16" £ Maybe
: (imf Ys]
’ Find ] [An'_l,r Category vl B YEs
[E] HMG-CoA reductase inhibitors E demo
ﬁ Atorvastatin
ﬁ Cerivastatin SMART Patient ID PSet £ Patient Mame Gender Race Date of Birth | Age | Obesity |Acute Myocardial., | HMG-Cod redug
[&l Fluvastatin 1985-11-17T...
[ Lovastatin *% 1000000002 1+1 10000, 30000 F white  1966-08-29T.. 40 X « X
Eﬂ Lovastatin-niacin % 1000000003 1 0000, 0000 ] asian  1969-03-07T.. 38 qf X X
{5 Pravastatin *% 1000000004 1 10000, 30000 M black 1976-08-13T.. 30 & « v
Eﬂ Rosuvastatin % 1000000005 1 0000, 0000 F hispanic 1873-06-25T.. 33 qf Qf qf
[&l Simvastatin ¥is 1000000006 1 10000, 10000¢ F black 1981-08-05T.. 25 & X v
% 1000000007 1 100007, 10000 M asian  1981-07-10T.. 25 & vy X
@ Previous Queri [. Patient Sete 51 = 5 ﬁ 1000000008 1 000, J00000 M h!span?c 1986-12-16T.. 20 v vy v
% 1000000009 1 0000, 0000 F hispanic 1989-01-11T.. 18 X v s v
CIE 2 ¥is 1000000010 1 10000, 10000¢ F hispanic 1976-11-23T.. 30 X v X
Search By Name *% 1000000011 1 0000, H0000K F white  2049-10-19T.. 57 & X o
[Cmminm - ] | | % 1000000012 1 100001, 10000 F black 1991-03-29T.. 16 & X v
e 1000000013 1 0000, 0000 F black  2027-02-27T.. 80 X X v
| Fd | Any Category ¥ M 1000000014 1 30008, 10000¢ M white  1956-05-22T.. 50 X v v
*% 1000000015 1 10000, 30000 M hispanic 1978-09-11T.. 28 & X «
ERE Yrati - *% 1000000016 1 100001, 10000 F indian  1983-11-19T.. 23 & v v

LN
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High Throughput Methods for supporting Translational
Research

m Set of patients is selected from medical record data in a high
throughput fashion

m Investigators explore phenotypes of these patients using i2b2
tools and a translational team developed to work specifically
with medical record data

m Distributed networks cross institutional boundaries for
phenotype selection, public health, and hypothesis testing

m Personalized medicine is delivered into clinical care
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Personalized Medicine for the Everyday Clinician -
Finding similar patients

m Finding similar patients help us understand what is disease
and what is normal, to distinguish between several disease
states, help predict successful therapies, and to help
determine next steps in potentially very expensive diagnostic
pathways

m This is an opportunity for combining the EHR, Big Data
Queries, and SMART Apps

m Apply the approaches we have used to conduct scientific
research to Provider and Patient engaging visualizations



SMART

Bloodwork Cardiology Result

oroereo 8. Dr. Francis Pulaski
Setevue Medkal Centre
Patient info
John Doe
M 49

COLLECTED.
01/10/1961 RECEIVED:

About this test

Your resuits

CRP level test

Lowrisk  Average Migh risk of cargiovasculr drsease

Total cholesterol level

LDL “bad" cholesterol

Optima e

HOL "good" cholesterol

Neems free

Your risk Y how vated risk

Your risk would be lowered to
12%

10%

o

ReynoldsRisk org

octor // Consider retesting

The NEW ENGLAND

No Small Change for the Health Information Economy
Kenneth D. Mandl, M.D., M.P.H,, and Isaac S. Kohane, M.D., Ph.D.

JOURNALo MEDICINE

e economic stimulus package

signed by President Barack
Obama on February 17 included
a §19 billion investment in health
information technology. How can
we best take advantage of this
unprecedented opportunity to
computerize health care and stim-
ulate the health information econ-
omy while also stimulating the
U.S. economy? A health care sys-
tem adapting to the effects of an
aging population, growing expen-
ditures, and a diminishing primary
care workforce needs the support

of a flexible information infra-
structure that facilitates innova-
tion in wellness, health care, and

is critical, since the
system will have to function under
new policies and in the service of
new health care delivery mecha-
nisms, and it will need to incorpo-
rate emerging information tech-
nologies on an ongoing basis.
As we seek to design a system that
will constantly evolve and encour-
age innovation, we can glean les-
sons from large-scale information-

& BP. 10054 mmkig (71%/8¢
er LeftLeg, Siting, M

technology successes in other
fields. An essential first lesson
is that ideally, system components
should be not only interoperable
but also substitutable.

‘The Apple iPhone, for example,
uses a software platform with a
published interface that allows
software developers outside Apple
to create applications; there are
now nearly 10,000 applications
that consumers can download and
use with the common phone in-
terface. The platform separa
the system from the funct




State-of-the-Art ??77?

SEND
| ™
AGN
HIAE
PATIENT NAME TAATIENT DND CATT e
DOE. JOE ! NOT GIVEN COUECTERS /11 /72010 NOT GIVEN
ACCESSION NO BETHDATE  |GENDER SALE IDNO OTHER DNC. " 0&6/1 ‘/20'0 09 ai
36504447 | 55 MALE | NOT GIVEN u"'o'"'mo/u/zo;o w:OC
RMAMMPLE REPORT, NO SAMPLE SENT |0 memivscan : '
4 sSTAUS  FINAL
TEgY RESLLY { « = DUT OF BANGE) UNTS PEFERENCE RANGE
Cardio CRF 0.4 mg/L

For Ages 2> 17 Years

CCRP mg/L Risk According to AHA/CDC GQuidelines

——————— —— ————————— - ———— —

<1.0 Lower Relative Cardiovascular Risk
1.0-3.0 Average Relative Cardiovascular Risk
3.1-10. 0 Higher Relative Cardiovascular Risk,

Consider rete;txng in 1 toc 2 weeks to
exclude a benign transient elevation
in the baseline CRP value secondary to

2 infection or inflammation.

>10 © Fersistent elevations upon retesting.,

aax be assocciated with infection an
inflammation.



Bloodwork Cardiology Result

BAC

TA X . .
MEDICAL CENTRE oRrDEReD BY: Dr. Francis Pulaski

Bellevue Medical Centre

lamard@bactamed.edu
(603) 555-54321 x1523

Patient info
wwe: John Doe
AGE- 49  Dpos: 01/10/1961

COLLECTED:
RECEIVED:

11/02/2010, 10:40 a.m

GENDER: M 11/02/2010, 1:03 p.m

About this test
This report evaluates your potential risk of heart disease, heart attack, and stroke.

Your results

CRP level test your level of a specific protein in the blood linked to inflammation of blaod vessels

Low risk Average Hlsh rlsk of cardiovascular disease

0 me/L
Borderline High
200- 239 240

--@—

Borderline  High Very High
high 160- 189

Total cholesterol level

Desirable

¢
LDL “bad” cholesterol
Optimal
amoL

Near
Optimal

100- 128

(32)

130- 159

Nunnal ngl\

HDL “good” cholesterol

3 /DL

©

Your risk You show an elevated risk of cardiovascular disease

15%

Use your CRP results and cholesterol level to calculate your 10 risk of a cardiovascular event at ReynoldsRisk.org

If you're a smoker with normal blood
pressure, (130 mm/Hg) but family history
of heart attack before age 60 (one or
both parents} your risk over 10 years is:

Your risk would be lowered to

12% if your blood pressure were 120mm/Hg
10% if you quit smoking

6% if you reduced cholesterol to 160mg/OL

0O

What now?

Diet & exercise-
can improve your
cholesterol levels

Quitting smoking-
can decrease your
heart disease risk
by 50% or more

Ask your doctor
about statins or other
medications that can
lower cholesterol

Consider retesting
in 1to 2 weeks to
exclude a temporary
spike in blood levels

/

David McCandless & Stefanie Posavec for Wired Magazine // informationisbeautitful.net
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Out of the Box - SMART Apps can link Big Data to
the EMR

m Substitutable Medical Application and Reusable Technology — Started with
grant form the Office of the National Coordinator

m Paradigm is similar to Mobile Apps with a proposed standard interface using
FHIR (Fast Healthcare Interoperable Resource)

vvvvvvvvvv

[ ucation - .
www.meducation.com
LRI E————
ST @
Celebrex Capsule 200 mg h
How to take medicine
Take the medicine by mouth once a day.
Tak 1 time.
\b/,
Xk O ikt b ougeg,
13%:
Lunch ) ’
Wh;




1 SMART App in 3 SMART Systems

Indivohealth ‘wsms==
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Bloodwork Cardiology Result
Pesemt iz oy ey of heart 3T
- e iman e s coas
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© rorres
O el st @
T e —

e

e doctr v @
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/A
Tv
SMART
e
W cardiac Risk
A Cinical Resoarch
M oo
‘ Med Risk Maps
Oz
& e

+ Manage Acps

CHIP - HMS -

< Alexlewis >

Bloodwork Cardiology Result

Patient info

e Alex Lewis
GENDER: M AGE: 71 pos: 1939-09-12

Note: these resuts s va o nan disbescs ooyl
Current smoker?
Family history of heart attack?

u Systolic blood pressure

€Y About this test

CRP level test

Lo A

Total cholesterol level

Desirable

LDL "bad" cholesterol

Optimal

HDL "goad” chalesterol

Low ermai

This repart evaluates your potontial risk of heart disease, heart sttack, and strole.

1©) vour risk

H you're  smaker with normal biaod
pressure, {130 menHg) but family history
of heart attack before the age of 60 fone

ar bath parents) your risk over 10 pears &

Usa your tast results. vent

You show an elevated risk of cardiovascular disease

Vour risk would be lowered ta:
12K your blood pressure were 120
B if you didn't smoke and all levels were optimal
2% you quit smoking

(D what now?

o

Chatienge Judge - Logout

Rt et e 1
e TR
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What Big Data can do for the Everyday Clinician
Finding Similar Patients

» Looking at similar patients can help predict:
- Future outcomes and responses to therapy
- Course of disease
- Penetrance of genetic variants
- Likelihood that a diagnostic pathway might be fruitful

« Big Data Commons is an opportunity for combining data from the Electronic
Health Record, Specialized Health Databases, Analytics from Big Data
Queries, and presentation in SMART Apps

» Presentation of results can be greatly enhanced with engaging visualizations
for the provider making difficult, complex decisions
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Find Normal MRI’s at All Ages 0-6 y/o
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Determining a Normal Child’s MRI
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Atlases provide a visual guide for
Radiology Decision Support, such as
determining Perinatal Hypoxic Ischemic
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PARINERS 505 SHRINE, and SMART
Information and Software
on the Web

12b2 Homepage (hitps://www.i2b2.0rq)
12b2 Software (https://www.i2b2.org/software)
12b2 Community Site (https://community.i2b2.0rqg)
SMART Platforms Homepage (http://smarthealthit.org)
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NIH RO1 EB014947 NIH U54 HG007963
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