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Example: PPARy Prol2Ala and Diabetes

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.
Meirhaeghe et al. — Overall P value =2 x 10/
Douglas et al. —o0—
Altshuler et al. INEE Odds ratio = 0.79 (0.72-0.86)
Mori et al. ——
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Ala is protective Courtesy J. Hirschhorn




—.

The Power of Numbers: Efficiently Reaching a Large N
for clinical studies

m High throughput genotyping
m High throughput phenotyping + sample acquisition

DHHS Secretary’s Advisory Committee on Genetics,
Health, and Society (SACGHS) argues for the health
value of a 500,000 to 1M subject study. Estimated cost:
$3,000,000,000

Cost of the pediatric 100,000 study recently launched >>
$1B + decades.
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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 Tissues of these patients can be made available for genomic
and biochemical analysis
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Research Patient Data Registry exists at Partners
Healthcare to find patient cohorts for clinical research

. . uery construction in web tool
1) Queries for aggregate patient numbers Query S — ——

- Warehouse of in & outpatient clinical data

- 6.0 million Partners Healthcare patients

- 1.5 billion diagnoses, medications,
procedures, laboratories, & physical findings
coupled to demographic & visit data

- Authorized use by faculty status

- Clinicians can construct complex queries 7731984

- Queries cannot identify individuals, internally Z£14902XX
can produce identifiers for (2)

De-
identified

Data
SR Warehouse

Encrypted identifiers |

=

2) Returns identified patient data OR S T TS hh vicia e e

T[T Bl ot 5 :::a.v:’- L
0000004 Y ] e

- Start with list of specific patients, usually from (1) 2185793 0000004

- Authorized use by separate IRB Protocols - :> 2185793

- Returns contact and PCP information, demographics,
providers, visits, diagnoses, medications, procedures,
laboratories, microbiology, reports (discharge, LMR,
operative, radiology, pathology, cardiology, pulmonary,
endoscopy), and images into a Microsoft Access
database and text files.

Real identifiers
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Security and Patient Confidentiality of Step 1

m All patients at Partners are added
m  HIPAA notification that their data may be used for research upon registration.

m RPDR data is anonymized at the Query Tool.

m Aggregated numbers are obfuscated to prevent identification of individuals;
automatic lock out occurs if pattern suggests identification of an individual is
being attempted.

A Security Architecture for Query Tools used to Access Large
Biomedical Databases
Shawn N. Murphy, MD, Ph.D. and Henry C. Chueh, MD, M.S.
Laboratory of Computer Science, Massachusetts General Hospital, Boston, MA.

m Queries done in Query Tool available for review by RPDR team, a user lock out will
specifically direct a review.

m De-identified data warehouse is a “Limited Data Set” by HIPAA

m Medical record numbers are encrypted and obvious identifiers are removed from
data.

m Concept of “established medical investigator” is promoted by classification as a faculty
sponsor.
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Security and Patient Confidentiality of Step 2

m Only studies approved by the Institutional Review Board (IRB) are allowed to receive
identified data.

m Queries may be set up by workgroup member, but faculty sponsor on IRB protocol
must directly approve all queries that return identified data.

m Special controls exist when distributing data regarding HIV antibody and antigen test
results, substance abuse rehab programs, and genetic data, due to specific state and
federal laws.

m Queries that return identified data are reviewed (retrospectively) by the IRB.



2011’s usage of RPDR

2,733 registered users, 457 new in 2011
462 teams gathering data for research studies

1852 detailed patient data sets returned to
these teams, containing data of 7.8 million
patient records.

From a survey of 153 teams

m  Importance of the data received from the RPDR was
evaluated in relation to the study it was supporting.

m  The adequacy of the match of a patient profile that could
be obtained through the RPDR query tool was
estimated.

$94-136 million total research support
critically dependent on RPDR from patient
data received throughout life of funding.

~300 data marts were created to support
hospital operations, representing about 80
million patient records

Usefulness of Detailed Data
106 Total Responses

Not Useful
15%

Critical
43%

Useful
42%

% of Patients Who Fit Required Profile
105 Total Responses

< 10%
19%

> 75%
33%

25% - 50%
26%

50% - 75%
22%




Concept DIMENSION

Star schema

concept_key
concept_text
search_hierarchy
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Organizing data in the Clinical Data Warehouse

Patient DIMENSION

patient_key
patient_id (encrypted)
sex

Binary

Tree {

) age
patient_key bi%th date
concept_ke race
— deceased [
end_date ZIP

practitioner_key
L—1 encounter_key
value_type
numeric_value
textual_value
abnormal_flag

Encounter DIMENSION

encounter_key
encounter_date
hospital_of_service

|_|_I

Pract . DIMENSION

- start
practitioner_key R
name search

service

|_|_I

16 === 6.0
150 | .06

|_|_I

Tl il et el Tl

1500 million




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

Tools  Help

Query Items  ; .. iwew e - @ Person who is using tool
HC_lfIIESS ‘ http: firpdriveb frpdrwebdient/querytoal . aspxres =763 ~ b
RPDR Erhanced Query Tool Lc gging: Duey, Stacey A. in workgroup of

Lol =g M= =) FNd Terms | Previous Queries Query Name: Query unde -
El- ,__j Standard (e bl| GROUPS DO NOT HAVE TO OCCUR INTH . 0 [>Specificity

Femographics detail
Diagnosis

H A5 Y Disgnosis Related Groups
i3 Laboratory tests

H- () Medications

EEI---@ Microbiology

LB Malecular medicine
-y 8 Health History
£
£
£

+-{5 B Providers
+-{£] Procedures -
L Query construction
M- Ji Query Library
@ Patient Sets

Total count: no results to display
b
4
= s \@am " Male 40 a0 ATB H W 0O U Alive__eeased
e e

&] Done N & Local intranet
Results - broken down by number distinct of patients




‘2 RPDR Enhanced Query Tool - Microsoft Internet Explorer provided by Partners HealthCare System
File Edit View Favorites Tools Help

eBack = \_/,l |ﬂ @ _h ;\J Search “1;:(’ Favorites @ [\:’;:{' ; —= _J ﬁ '3

Address @ http: {frpdrweb frpdrwebdient/querytoal. aspx?res =768

RPDR Enhanced Query Tool Logging: Duey, Stacey A. in workgroup of
PSR vt coric | APt oot Do | et spocmere | nderiannta | cetiy |

Query Items IIL'T_'HEI Previous Queries Query Mame: EGFR, Respiratory and... on 01/24/2011 #3

o | GROUPS DO NOT HAVE TO OCCUR IN THE SAME VISIT |w | NI| Sensitivity< [_Reset all groups to »0 | >specificity
| Containing v ||<of PN orowioizs ]  Grow2eis [l  Gowses |
| all Categories V| [Find] Dates I Recorded>0x I I ExdudEI Dates I Recorded>0x I I ExdudEI

Eﬁ Search Ttems 21 |O”£' or more fams -"ECO-'?jEG'1 » 21 Cine or more items reccrded 2 e
B3 EGFR =-2 EGFR B2 Respiratory and intrathorasic
B eerR (Testbcr-t38® || ) [2236_2252del; 2253deli organs
= © (resthe ! Responsive) -5 Malignant neoplasm of

[£] eGFR (Test:fc500, 1750)

: ’ 2235_2242del (Respansi larynx
) SGFR (Test:f500. 1300) 2235_2252del 2257delC {33 Malignant neaplasm of
[£] eGFR (Test:fcs00.1350) Riespansive) nasal cavities, middle ear

and accessory sinuses

#-IC5) Malignant neoplasm of
other and ill-defined sites

[} eGFR (Testimcsg-eafr)
: eGFR (Testimcsg-egfr 1)
----- |=] eGFR (Testimcsg-pegfr)

22614 »G (Presumed Res
2264C =4 (Presumed Res

2314 _2319dup (Unknowr within the respiratory
----- [£) eGFR (Test:ncgfrnaa) Significance) system and intrathoracic
H-IC3) EGFR Gene Mutations (GroupsEGFR) || =] 4317_23 19c\|L||:|C.-'a.C (Unks organs
----- () EGFR Sequencing (Test:mecsg-egfrs) _ Significance) _ [+1-{C5) Malignant necplasm of
- [2) €. 2065G=C (Unknown Sig pleura
. 2093C > T (Unknown Sic ®-IC5) Malignant neoplasm of
€.2117T>C (Unknown Sig thymus, heart, and
C.2125G=A {Respnnsivej meu?llashnum
2 . 21764 5T (1 Inknown Sir o EHE:I f_ﬂalllgnantl nen:q::lasm of .
4 | > £ | &

| mesetan ]| First Group || shittieft | | shift Right || Last Group || New Group |

Total count: 2693 patient(s)
Gender Age Race M viia

3g3
3z3

A, Indian =3

oy
"
o
&
{1H}
(=2
=i

¢ | 5 Famale Male 40 &0 | A B H W o U Alive  Deceased

@ AspTreeView/MetaDataTree_Sub.aspx?ParentFolderld=DGMNMeoplasms (140-232)0x5CMalignant neoplasms {140-208)0x5CRespiratory and int ‘ﬂ Local intranet




ced Query Tool - Microsoft Internet Explorer provided by Partners HealthCare System

1,
P
(L

Previous query items ... o .

[
i

=Y <

Address &l http:/frpdrweb/rpdrwebdlient/querytool. aspxfres =758
RPDR Er hanced Query Tool

FR., Respirstory and... on 01/2..,

cute myocardia..., CK-MB Indsx ... =s054
AMI and CK-MB 3.5 =084
Jsut Dizgnos AMI =s0E
EGFR, Respiratory and... on 01/2... =s054

Acute myccardia,.,., CK-ME Index ...
cute mryecardiz.,., CK-ME Index ...
M1 2nd CK-MB =3.5

JuX dizgnass AMI

=..., Iletin i po... snmd  Resdy

. Insulin glar...

Reszction O\dzbridzament of pz.....

Date

1/24/11 15:23:01

01/24/11 14:53:

01/24/11 14:55:

01/24/11 14:

01/24/11 13:14:

01/24/11 13:05:

01/24/11 13:04:f5

Query Name: Matched set for Acute > ... CK-MB Index

Matchy: [v] Age (10 year intervals) [¥]Gender
Race/Ethnicity [F] Comparative Health

[Juse exact matches only

Matched patients will be sampled from all RPDR patients
or can only be sampled from patients in the query below:
| 3= |3

ﬁm Control set construction

[CmcH BVWH,FH
js specified below (cases are always excluded):

in] =] ghec

Tl o

g==ialel

14 L e querizs) \ Reset Al
@ AspTreeView MetaDataTree_Sub.aspx?ParentFolderld=DGMNMNeoplasms (140 220 EChslie st moaclacme F44°0 ORS00 EOM conicotae: —od it = TP T—

Estimate set size and run program



Obtaining Data Extracts

A RPDR Detailed Data Request Wizard -- Web Page Dialog

IUsing Partners IRB#2002P000381 (Research Patient Data Registry (RPDR)) to obtain data from the RPCR
You are logged in as Duey, Stacey A. in workgroup Shawn Murphy, MD

Please enter your IRB protocol.

Partners IRE {required): | 2002P0003581 w |

e Reszscch Petiznt Dats Regisry
(RPCR)

Stetus: Active - Ongoing

Mewton Wellesley Hospital IRE: | w |
Spaulding Rehabilitation Hospital IRE: | w |
North Share Medical Center IRE: | NSM 2008-786 demo v |
Titket
Stans

Ovptions for returnad st of patients:

BExchde Partners Hezlthcare employess

|:| Creste 2 static sat of patients from this guery that can be wsed in other RPLR quenes

m m Step 3 MNext = | | Cancel




‘A RPDR Detailed Data Request Wizard -- Web Page Dialog
Using Partners IRE#£2002P000381 (Research Patient Data Registry (RPDR)) to obtain data from the RPDR
You are logged in as Duey, Stacey A. in workgroup Shawn Murphy, MD

Select the types of data that should be returned from the RPDR

Only data allowed by your protocol should be chosen
(Identified data sets will always return a set of identified patient medical numbers)

“ LCLan vrava LS

[>

---[ﬁLMF{ (Longitudinal Medical Record)

---IﬁMEdicaﬁnns, Diagnoses and Procedures

fﬂ---lﬁPaﬁent Clinical Reports- not available for Limited Data Sets
..... ) [ Cardiology Reports

..... =1 [[] Discharge Summaries

..... [ [[] Endoscopy Reports

----- B [] Microbiology Data

----- = |:| Cperative MNotes

..... [£) [[] Pathology Reports

----- [ [] Pulmanary Reports

..... ) [ Radiology Reparts
..... [£) [[] Transfusion Data, Blood Bank Data

=] [[] Top three providers for each patient

1<

Step 9 | Hext > | | cancel |
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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 Tissues of these patients can be made available for genomic
and biochemical analysis
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The National Center for Biomedical Computing entitled
Informatics for Integrating Biology and the Bedside (i2b2),
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.i2b2.0org



https://www.i2b2.org/
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1I2b2 Cell: The Canonical Software Module

Business Logic

12b2

Data Access

Data Objects

P
HTTP XML

(minimum: RESTful)
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An 12b2 Environment (the Hive) is built from i12b2
Cells

“Hive” of software services
provided by i2b2 cells

<:>remote



12b2 Software components are distributed as open source

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

@C{ - Iilb! hktps: | fana,i2b 2, or gy softwar e finde:=, htrml F_L,|§| |E| Ich:gIe

File Edit Wew Favorites Tools Help

Go g't | j il Search ~

‘Mare . Signln Y& - “EjConvert ~ [P0 Select

v dhr f) - B - o - hPage - ook - @ & B

¥ AILITVEU SULTLE WUUE
» Contributed

« Tutorial - 5 i2b2 Web Client Launchthe AJAX web client in your web browser

« Guestbook™

= Statistics *

Documentation

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

i i . The i2b2 Wiorkbench iz a collection of
ey [lizbz Core Cell [[]i2b2 Optional Cell [ Workben| cient-side components designed as
; Eclipse-based java plug-ins that
D Wik Client D CRCFiug cominunicate with i2b2 Cells and allaw
the inwvestigator to guery, analyze, and
dizplay the data of the hive, generally in
greater depth than the web client.

Project
Management

= Installation Guide

=M =

File PFT
Repository Processing

Ontology Identity ¥ Developer's Guide
Management Management

Data Workflow
Repository Framework [ Goto Dovnload Source
{CRC)

= Tutorial Document

py [ Goto Download Client

Analysis

Text
Analyzer
Plug-in

hktps v, iZbZ orgfsoftware findes. html# Internet +,100%
| [T T TT T3

T 4




Set of patients is selected through Enterprise Repository
and data is gathered into a data mart

EDR

v

Selected
patients

v

Data directly Data from other Data imported
from EDR  sources specifically for
project

[
>

Project
Specific
Phenotypic
Data

Automated Queries search for Patients and add Data

v




Data is available through the i2b2 Workbench

Patient Recruitment Workbench

faroup 1

Gioup 2 1] | Group 3

1%]

I»

# f4) Domograghecs
= 53 Cuagrioses
» oy Crodatory system
) Condiace in the perinatal period
] Conperital araenales
] Oaptstve system
) Endocrne dsorders
) Events of peegnancy
) Gerstourinary system
) Meemacloge: desases
] Infectious and piv acls: dresios
) Enpury and poetorang
) Merdal Discr dears.
) Metsbole and menunity dsorders
() Muscuorbaietal and conmediove timm
) Meoplasms
() Neurohog Descediers
L) Murensl deficences
23 Respratory system
= ) Acste respestory infections
=13 Chronk cbatntive doedses
) AR bronchtass
) Asthey
) Bronchinctaes
) Bronchiectams NOS
] Bronchiclectass
2] Eronchis NOS
) Bronchits, not specfied as sote or
31 LD [Ohyore chabructive b does

NRERAPNREREAENEEEEHE

CRORORO]

Patiant Sets
= :;}quﬂave Sydtem, BAH 0n 082106 |
® jﬁowms - 34 Patierts
c 12086 - 76 Patients

c 0172906 - 4 Patients
John Smith
Witkom Cortler
Serah Ahern
Rebecen Lynn
= @4 031606 - 9 Patients
= &3 Crodatory System on 07/22006
) R 01101105 . 34 Patiers
s 010106 - 34 Potients
® 04718065 - £3 Paberts
= 0842305 - 3P atierts
B8 030106 . 8P aterts

Dakes Qe 1% Erclude

&

Resst I

Soewrs bk | Exchuda | Bates | Gcewrs dx

[ Exckads |

Land |

Rdd
Group

Creats model foe Tinelon | Render a Tinelne |

R

¥ Person_#52032_Female_ 68yrold_ While
¥ Bronchoddators

¥ Prednisolone Pr

¥ Pergon_#3200%_Female 37yrold_ White
¥ Bronchodiators

¥ Predmsolone-Pr...

¥ Person_#32202 Male Dead_ Black
¥ Bronchodators

¥ PredusolonePr.,

¥ Person, #82220 Female  63yrold  While
¥ Bronchodiators

¥ Predusolone.Pr...

|

208

] Wi ImEan m

a 3 2 3 .

Related Topiks
= Aot Outlne
Witws 1 ihwe e e (F acclcabin) of & rescaron beng edzed.
£ views

| Crghrm Viaws

= Dymamic Help
Sawch rents
Iy U Ly De-Cmesin et a0etiew
CuElre wres
Sagrchae the srbberch
T 4 Jeea edicr

S ate

M Togy Y tewch B bocimans
D Patient Schedue 3OS |
John Smith
MO0 O e - T2 e
L WG Wedhod Wl s
Worpiny Brean wirmas, WY
i Ty BET

A0 4 8 e - 0 pen
Sadh ren s
| Germeniang
| e den Busas Do WO
-

1 Report Diagnosis Detail Image
7 o

=

Patierk Sebi | Patisnk Set - 2984 Palients

£=2 | s [0 Ingrement: | 10 ?3>|

Mike U
David Johnes

Diop Patient Cbject

1l

i

OpjecToRecerd

RecordMsassembler

Author: Tabin T. Fricke

Synichronizar

=101x]

Dis play

Dis play2




Team support for Projects

—>

RPDR

RPDR Support Programmers

5
RPDR
Mart

O

(N
T

Biostatistician
Project Manager

Local sources

Ex: BICS
/&\

v
Local

Clinical
QEQ

PrOJect

_DB

-

Programmer

Local data extract analyst
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NLP (and comedy) is not pretty

l_ File Edit ©ptions Template Execute Macro  Window  Help

| SOCIAL HIST
\; luses tobacco,

PRINCIPAL DIAGHOSIS:

RY: The ried with four grown daughters,
has W.réﬁeki

LEFT LOWER LOBE PHEUHMONIA
SEBﬂNm

o SOCIAL HISTORY: The patientis a

2. HEkwr

nonsmoker

Ta3L3

5 SOCIAL HISTORY:

Negative for tobacco,

. |No alc~"al
Non-Smoker
alcohol, and IV~rug abuse. T

PAST MEDICAL HISTORY: (1) H1p Fracture {2) Brunchlect351s

. BRIEF RESUME OF HOSPITAL COURSE

63 yo woman with COPD,

50 pack-yr tobacco (quit 3 wks ago),

Qast Smoker

ALLERGIES: (1) Aspirin. (2) Ciproflo"3cIm- 137 FONICITIIN.

Thna natinantk Tinar alann and Aandine Fahacen oo

gANTAlL UTCTADU-

SOCIAL HISTORY: The patient lives in rehab, married.

" from the admission note...

PRraivHL canmimHiiun:

LARARATARI RATA- Cadfim ALA  anbaccfom 0 4 kTt dn

HOSPITAL COURSE: ... It was

ITENPErdLure ¥7 .., PUl:>y OW, FESPLrdLlullz LW,
blood pressure 168/63, oxygen saturation 95% on room air.

n=z hinaah

commended that she receive ..

Unclear smoking

HEENT: Hormocephalic and atraumatic. Pupi

.We also added Lactinax, oral

' form of| Lactobacillus| acid

Cuesy ATrdy revedieu NypEriiaridied iunys dng

Hard to pick

population of her gut.

LEdLES .

HOSPITAL COURKF:

SH: widow,lives alone,2 children,no

The patient wuo weccous gew v wn wr soros

The natient was sppn and puvaluated hn the

tob/alcohol. <4ard to pick :

3

Rec Off |Mo'wrap (DOS |INS KWLM



CaiZhZ Workbench

File

Search  Window Help - Run

Investigator Review

" Pharmacovigilance Analyzer r. Export Data (. Query Tool &3

ﬁ Case Conkrols
ﬁ Chart Reviews
ﬁ Chart Reviems2
ﬁ Chart Reviems3

ﬁ Liseases

n
----- O] Megative Erosion

----- Q Possible Erosion
[]---ﬁ Labs

ﬁ Medications

Eﬁ Mates

----- Q Discharge Summaries

----- ,@ Op and Path Reports
----- ,@ Radiology Reports
[:I---ﬁ RMP Case Control

ﬁ Smoking

-] Tiani

=[5 rRPOR

|-.,3,',‘=<> =0

©

|Query Mame: Bone density = @05:10:25

|ﬂ| Analysis Types |

Group 1 | X

Group 2 | =

Dates I Occurs = 0x | Exclude

Dates | Qocurs = 0x I Exclude

(0] Erosion

The term= of this group are joined
then interzected with other groups

0] Radiclogy Reparts

The terms= of thiz group are joined
then intersected with other groups

4

Timeline
PATIEMT_ENC. ..
ML

Patient count:
Gender
PATIEMT_MO..,
ital

Race

Age

Drate

3

Fin

4

[~ Get Everyone I

Run Query Above

| |Patient(s) returned; 1 |

== x|
2h2
& workplace &2 ] | o = O
E@ meme 1 =

----- @ Bone density = Abnormal_23%m

----- @ Bone density = Abnormal_mdoa

----- @ Bone density = Abnormal_pCEh

- @ Bone density Is 2002, done_%1Yn

----- @ Bone density Is 2002, done_YQzZh

----- 0] HDL {Group:HOL)

----- 0] HDL {Group:HOL)

----- 0] HDL {Group:HOL)

----- 0] HDL {Group:HOL)

----- @ HOL {GroupsHOL) = HIGH_fMevy

----- 7] HDL {Group:HOL) = HIGH_qmMF

- @ HOL {GroupsHOL) = HIGH_wjT]

----- 571 HDL {Group:HOL) = LOW ssﬂlpv _I;I
»

4

- i =
. Previous Queties 24 i

@ | ko

1=

e T BARMARLIAPY
Acute Rheumatic@01:56:30 [04
EE Er = 0
Erosion@00:51:55 [04-22-2009 ]

EE Acute Rheumnatic@00:50:09 [04-

-[&1 Acute Rheumaticm@in:29; 34 [n_4-|;|
KT R— 4

@ Irport Data | @ Timeline view E3

¥ Erosion

¥ Radiology_Fepor..

& analysis \u'ieww

@)|,:;_.= < o =0

£ Text analyzer &2

Create model For Timeline  Render a Timeline I

2/93)

¥ Petrson #B82828_ Fetnale 73wyrold_ Other

ﬂ2.l’99

0 K.

| 5 O

| EYEjl
2

TS IOCact: d
There is
circumferential joint
space narrowing of the
with
erosive changes and

=l

right hip
acetabular protrusio.

Degenerative changes j

Patient Set: | Patient Set: 1 patients

Sl | skark: |1 increment: |1 S |

erosive
erosion

,ﬁ] Erosion
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Can We Trust the Phenotypes?

Validation Study (N = 185)

m Evaluate case and control algorithms compared to gold
standard of diagnostic interview by expert clinician

m Recruit cases and controls as defined by informatics
algorithm

m Interview by clinicians blinded to ascertainment group

m Recruited patients with depression or schizophrenia to
enhance blinding

Jordan Smoller MD, ScD and team




Train classification algorithms

1. Over 300 words/phrases (features) were identified using

chart review

. Important features were selected for model using
adaptive LASSO shrinkage

# of selected features = 29

Tianxi Cal PhD and team

—— note_type_primary —— bipolar_icd9 aggressive
— — dx.bipolar.disorder - = mdd_icd9 agitated
< _ - X.NEGATED..dx.bipolar.disorder - schizo_icd9 distractability
- - — - dx.depression - = - X90862_visit grandiosity
—e— dx.mood.disorder —e— X90801_visit impulsivity
—&-  dx.psychotic.disorder —&- X.blake.11..dis. disorganization
-+ dx.schizoaffective -+ X.cpt.90801..Ino. irritability
- % - hx.bipolar.disorder -3 - X.cpt.90862..Ino. pressured.speech
—e— no.hx.psychosis X.NEGATED..elevated.mood
—v dx.other
v _
o o
<
E .
b7 -
0 Phe
<
D .
2 <o %
© o
o
(]
=
[}
N
°
8
IS ]
< (=T
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Using electronic medical records to enable large-scale
studies in psychiatry: treatment resistant depression

as a model
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Use NLP to define
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Research Investigator Workflow enabled by mi2b2
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Cumulative fractional anisotropy

White matter abnormalities associated
with treatment-resistant depression

e Scans collected as part of
routine clinical care
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Ontology-driven data organization allows simplistic data
models that paste together
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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 Tissues of these patients can be made available for genomic
and biochemical analysis



12b2 Implementations

CTSA's

m  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
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Aggregating across 4 hospitals, 312b2 instances
SHRINE (Shared Research Informatics Network)
= Distributed Queries

%\; PARINERS o= E
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Clinical data in SHRINE

m 10 years (2001-2011)
m 4 hospitals
m 6 million total patients

m >1 billion medical observations
m Demographics
m Diagnoses (ICD9-CM)
m Medications (RXNorm)
m Labs (LOINC)
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Performing Clinical trials “in-silico”

Performing an observational, phase IV study is an expensive
and complex process that can be potentially modeled in a
retrospective database using groups of patients available
with large amounts of well organized medical data.

Fundamental problems complicate this approach:

Patients drift in and out of the healthcare system. Sophisticated
statistical models using adequate control populations are necessary to
compensate for the drift.

Confounding variables may not be found in the database. Natural

language processing may be needed to extract the confounders from
textual reports to allow confounders to be exposed.

Unknown missing data disrupts typical statistical approaches.

Biases in the data can easily mislead the investigator to false
conclusions; data exploration and visualization tools are needed to
expose these kinds of potential problems.
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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 Tissues of these patients can be made available for genomic
and biochemical analysis
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Genotype samples and compare to controls
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Cost and time benefit of Instrumenting with Sample Collection
for Modest-size Study with 10,000 subjects (cases + controls)

Old vs. New Cost Time
(3)

1 chart review per patient (CP1) $20 15 minutes/subject
High-throughput phenotyping (iP) $50K | 1 month total (conservative
through RPDR and i2b2 Total high estimate)
Sample acquisition through primary care $650 | 3-5 subjects/week?!
provider (CP)
High-throughput sample acquisition $20 50-200 subjects /week?
through RPDR and BETR/Crimson.

= $6.7 million/study vs. $250 thousand/study
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Escalating cost and time benefit of Instrumenting with
Sample Collection

Previous model for collecting specimens
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Accrual Rates

(a) (b)
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Meeting Expectations
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Seven important factors enabled by 12b2 platform

m 1) Enables enterprise-wide repurposing of health care data for
research

m 2) Enables extensible software architecture for developers

m 3) Extends EHR research so that data may be shared among
sites

m 4) Enables natural language processing

m 5) Provides method for materializing scientific method for EHR-
based investigations

m 6) Extends EHR research so that data may be shared among
sites and samples may be obtained

m 7) Provides platform for Clinical Trials “in silico”
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Collaborators

m RPDR

Eugene Braunwald
John Glaser

Diane Keogh
Henry Chueh

m [2b2

Isaac Kohane

Susanne Churchill

Michael Mendis

Nich Wattanasin

Vivian Gainer

Lori Phillips

Wensong Pan

Janice Donahue

William Simons (SHRINE)
Doug McFadden (SHRINE)
Christopher Herrick (mi2b2)
David Wang (mi2b2)

Bill Wang (mi2b2)

m Sample Acquisition
= Lynn Bry
= Natalie Boutin

m Depression Driving Biology and
Pharmacovigilance Projects:

m Roy Perlis/Jordan Smoller/Dan losifescu (PIs)
Victor Castro

Caitlin Clements

Wouter Hoogenboom,

Martha Shenton

Patience Gallagher

Stefanie Block

Alison Hoffnagle

m International Cohort Collection for Bipolar
Disorder:

m Jordan Smoller/Pamela Sklar (PIs)
Roy Perlis

Victor Castro

Alison Hoffnagle
Sydney Weill

Mireya Nadal-Vicens
Niels Rosenquist
April Hirschberg
Alisha Pollastri

Jane Erb

Shaun Purcell

Nadia Solovieff
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