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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
: 7. Vgl

= 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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The RPDR Warehouse at Partners Healthcare

Partners Enterprise

Research Patient Data Reqistry

Multiple Systems at Partners:
Billing Data
Epic Data
Research Data (consent to
contact)
Specimen Data
Laboratory Data




The Partners Biobank

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

Consent)
Samples

84,000 patients have consented to
date

Samples are available for
distribution to Partners
Investigators* to help identify novel
Personalized Medicine

Research Discoveries opportunities that reduce cost and
provide better care

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

Improved Clinical Care for All Patients
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Biobank Integrative Genomics Strategy

Partners BioBank Samples
(Whole Blood Extracted DNA/RNA)

: : Epigenome
n In Transcriptom it
Genotyping ] [ anscriptome Profiling
I I I
_ IIIurr.Iina MESATEL: Whole Transcriptome Analysis: Methylation Analysis:
I

_ Array Cost: Array Cost:
Array Cost: $59/ sample ] [ $40-50/sample ] [ $150/sample

Genome/Transcriptome Analysis: ~$100/sample

Genome/Transcriptome/Epigenome Analysis: ~5260/sample
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Research Patient Data Registry (RPDR) to
find patient cohorts and distribute data

Query construction in web tool

1) Queries for aggregate patient numbers

De-
identified
Data
| R s Warehouse

- Warehouse of in & outpatient clinical data

- 6.7 million Partners Healthcare patients

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

- Authorized use by faculty status

- Clinicians can construct complex queries 2731984

- Queries cannot identify individuals, internally £74902xx

can produce identifiers for (2) Encrypted identifiers |

=

<

2121

I s o
By 2@NHIH Ar=Da-0
[ Wwsuit ] Resh_Texs Abnoimal Flag Reference Ui

OR

2) Returns detailed patient data

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

- Authorized use by IRB Protocol - :> 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.

0000004
2185793

Real identifiers




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 nS ru 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

Eile

s T’-_']JEI 4 0= 4 Find Terms | Previous Queries

Edit  View

Favorites  Tools  Help

£

-5 Standard Query Items
Eg---g Encounter detail
Eﬂ---g Demographics detail
[—jg Dizagnosis

EHE:I Circulatory system

- A3 acute Rheumatic fever

- L) Arterial vascular disease

[ Cardiac problem-Oncall

[£) Cardiac risk factors-COncall

[ Cardiac risk stratification-COncall
¥\ Cerebrovascular disease

JE,'] Chronic Rheumatic heart disease
JE,'] Dizeaze of capilaries

JE.'] Diseases of pulmonary crculation
; lE,'] Hypertensive disease

iee[2] Ischemia-Oncall

EHE,'] Ischemic heart disease

E:] Acute myocardial infarction

; {EJ Angina pectoris

[= Ischemic heart disease-Oncall
1 old myocardial infarction
[-IC3) Other acute and subacute forms of ischemic
{EJ Other forms of chronic ischemic heart dizeas:
-5 Other forms of heart disease

----- [ Vascular problem-Cncal

B-IC3) Venous and lymphatic disease
L) Conditions in the perinatal period
-{C) Congenital anomalies

]{E,'] Digestive system

|- Endocrine disorders

IT|IT|IT|IT|IT|

f-1C7) Events of pregnancy
| »

W

Query Name: Query undefined ...

| GROUPS DO NOT HAVE TO OCCUR IM THE SAME VISIT |+ | | Sensitivity < l—— | @ |=specificity

Group 1 of 2 . Group 2nf3

Oaztes I Recorded=0x I I Exdud:—l

21 |O.rle ar more fems recon:."ea1

e | |.-5.v:|_|te myocardial infaru:tinn|

| Resetan || First Group || shiftLett |

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

Total count: no results to display 3

I:l Gender I:l Ag=

I:l Racs

Female  Male 40

a0’

Alive Deceased

@ AspTreeView /MetaDataTree_Sub.aspx?ParentFolderld =DGMNCirculatary system {390-459)0x5CIschemic heart disease (410-414)
-

‘ﬂ Local intranet




2 RPDR Enhanced Query Tool - Microsoft Internet Explorer provided by Partners HealthCare System |Z||E|r5__<|

File Edit View Favorites Tools Help

eBack v &4 |ﬂ @ h /.._\J Search ‘*Ej‘\'{’Famrites 'E‘E <]~ -:.; = J ﬁ ‘:’j

@l httpsffrpdrweeb frpdrwvebdient/queryiool. aspxires =758
RPDR Enhanced Query Tool

(G T':'_']JE' ry Items [/ Termsl Previous Queries

=-£5 Standard Query Items Al
EEI---S Encounter detail
-3 Demographics detail
Elg Diagngsisp Dates I Recorded=0x I I Exdud:—l
EHE:] Circulatory system < |£?ne or more idems recorded| e o
23 3 Acute Rheumatic fever B+ JAcute myocardial infarction|

- -3 Arterial vascular disease
[} Cardiac problem-Oncall
[2} Cardiac risk factors-Oncall
[ Cardiac risk stratification-COncall Running query, please wait...
{3 Cerebrovascular disease

JE,'] Chronic Rheumatic heart disease
JE,'] Dizeaze of capilaries

JE.'] Diseases of pulmonary crculation
; lE,'] Hypertensive disease

2} Ischemia-Cncall

EHE,'] I=chemic heart disease g Time elapsed; 1 secands,
E:] Acute myocardial infarction

; {EJ Angina pectoris

[=} Ischemic heart disease-Oncall

1 old myocardial infarction

[-IC3) Other acute and subacute forms of ischemic
[#1-I07) Other forms of chronic ischemic heart diseas: | Resetan || FirstGroup || shitler | | snittrignt || Last Group || new Group |
[]{E‘] Other forms of heart disease : Total count: IW :

----- =} Vascular problem-Cncall

B-IC3) Venous and lymphatic disease Ld Gender L Age L Rzcs L Witz
H-{C3) Conditions in the perinatal period
-{C) Congenital anomalies b
]{E,'] Digestive system 4
-|{C7) Endocrine disorders
]{E‘] Events of pregnancy I I —_—— —r—y RS [ R S [ !
< = | » - Famala Male 40 a0 A B H W O U Alive Deceased

IT|IT|IT|IT|IT|

@ AspTreeView /MetaDataTree_Sub.aspx?ParentFolderld =DGMNCirculatary system {390-459)0x5CIschemic heart disease (410-414) ‘j Local intranet
-




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

File Edit View Favorites Tools Help

@Back - \_‘) @ @ \._;j /:__j Search ‘-gj‘\?FavDritES @ [‘:_r_gv -::._; = J ﬂ ﬁ

Address @ http: ffrpdrwveb frpdrwebdient/querytool. aspxires =768
RPDR Enhanced Query Tool Legging: Duey, Stacey A. in workgroup of [EiEEla e iiv b

Find Patients | Match Controls | Analyze Patients | Reguest Detailed Data nderstand Data | GetHelp |
s T’-_']JEI ry Items (7, Termsl Previous Queries

-5 Standard Query Items e

“_-J| GROUPS DO MOT HAVE TQ OCCUR IM THE SAME VISIT | # |‘1J Sensitivity < | Resetall groupz to =0 | =Specificity
e e [ Growieis B Gow2ets ]  Gow3sz |
Elg Diagngsisp Dates I Recorded=0x I I Exdud:—l

L:_Hh Circulatory system ﬁ Oie or more fems recorded

i {3 Acute Rheumatic fever H-C3) Acute myocardial infarction
- L) Arterial vascular disease

[ Cardiac problem-Oncall

[£) Cardiac risk factors-COncall

[ Cardiac risk stratification-COncall

¥\ Cerebrovascular disease

JE,'] Chronic Rheumatic heart disease

JE,'] Dizeaze of capilaries

JE.'] Diseases of pulmonary crculation

; lE,'] Hypertensive disease

iee[2] Ischemia-Oncall

EHE,'] Ischemic heart disease b
E:] Acute myocardial infarction

; {EJ Angina pectoris

[= Ischemic heart disease-Oncall

1 old myocardial infarction

[-IC3) Other acute and subacute forms of ischemic
-0 Other forms of chronic ischemic heart diseas: | Resetan )| First Group || shitLert | | snittRight }| Last Group || New Group |
-5 Other forms of heart disease

Query Name: Jsut Diagnos AMI

Rl =

. = j )]
----- [= vascular problem-Cncall Tt count et :
B-IC3) Venous and lymphatic disease . Gander L Age ([ Rzce OJ Witz
[-IC) Conditions in the perinatal period | |
B-IC) Congenital anomalies I - -
EEI--{E,'] Digestive system F i»:l;iea:n:g: ;:jzﬂtﬁit;
-{3) Endocrine disorders patiznt gender for this query.
-3 Events of pregnancy " ] [T —_— — e o e e e e .
< = | 3 Female  Male 40 a0 A B H W o U Alive  Deceased

@ AspTreeView /MetaDataTree_Sub.aspx?ParentFolderld =DGMNCirculatary system {390-459)0x5CIschemic heart disease (410-414) ‘ﬂ Local intranet
-




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

File Edit View Favorites Tools Help

RPDR Enhanced Query Tool

Find Patients Match Controls | Analyze Patients Request Detailed Data

Query Items IL'T_'.'[EI Previous Queries Query Name: Jsut Diagnos AMI

e “_-J| GROUPS DO NOT HAVE TO OCCUR. IN THE SAME VISIT |% |‘1J Sensitivity < | Reset all groups to >0 | =Spedificty

Containing | cemb ndex O oowioz B Gowzots W] oewaes
vl [Fil'lljl Oaztes I Recorded=0x I I Exdud:—l

21 Ciie or more dems recorded

=1 @ Search Items . o )
El |E.'l CK-MB Index (Group:CKMBRI) H-C3) Acute myocardial infarction

[ CK-MB INDEX (Test:sc400,4452)

[=) Cpkisoenzymes index (Test:mockmbri)

[=) Cpkisoenzymes index {Test:mcsg-ckmbri)
[=) Cpkisoenzymes index/dr.kbl {Test:mckblidx)
g ) CPK-MEB INDEX (Test:lc1522)

fn 2 CK-MEB INDEX {Test:sc400.4452)

| All Categories

| Resetan )| First Group || shitLert | | snittRight }| Last Group || New Group |

Total count: 1201443 patient(s) a

I:l Gender I:l Ag= I:l Rzcs I:l Witz

=1 o —— 11—

Female  Male 40 a0’ A B H W O U Alive Deceased

< | >
@ AspTreevView MetaDataTree_Sub.aspx?ParentFolderld =LABLABOx SC{LLE 18] ChemistryOxSC{LLE20) Cardiac Tests0xSCCKMBRI
-

‘ﬂ Local intranet




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

File Edit View Favorites Tools Help

e Fenk o \_) Iﬂ Iﬁ ;j /,.__\J Search ‘*Ejt(’ Favorites 6‘3 [j_:* :; 4 J ﬁ ﬁ
Address @ http: ffrpdrwveb frpdrwebdient/querytool. aspxires =768
RPDR Enhanced Query Tool Logging: Duey, Stacey A. in workgroup c’r'
[EPSEEE ] otch Controls | Anlyze Patients | Request Detaied Data [Understand Data | Geticp |

Query Items Ili i M=) Previous Queries Query Name: Jsut Diagnos AMI
e 1J| GROUPS DO NOT HAVE TO OCCUR. IN THE SAME VISIT |% | | sensitivity< | Reset all groups to >0 | »specificity

Choose value for CK-MB Index {(Group:CKMBRI)

| Containing A | ||:k -mb index

| All Categories A | Find

=1 @ Search Items
El {C5) CK-MB Index (Group: CKMBRI)
C [=) CK-MB INDEX (Test:sc400,
[=) Cpkisoenzymes index (Tes O Mo value Please select operators:
[ Cpkisoenzymes index (Tes | GREATER THAN =) vl

1 Cpkisoenzymes index/dr.ki (O By high/low flag - i
[£] CPK-MB INDEX {Test:lc152 b ETEB e B LIS ETE T

- [2) CK-MB INDEX (Test:sc400.445 & By numeric value

Click on a bar ment to hel u ify a value or ra

Searches by Lab values can be constrained by the high/low flag
set by the performing laboratory, or by the values themselves.

-
Erifs) ﬁ |
I:l Gender I:l Ag= I:l Rzcs I:l Witz

=1 o —— 11—
T T

5 Female  Male 40 a0’ A B H W O U Alive Deceased

£ |

@ AspTreevView MetaDataTree_Sub.aspx?ParentFolderld =LABLABOx SC{LLE 18] ChemistryOxSC{LLE20) Cardiac Tests0xSCCKMBRI ‘ﬂ Local intranet
-




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

File Edit View Favorites Tools Help

RPDR Enhanced Query Tool gging

Query Items IL'T_'.'[EI Previous Queries Query Name: Query Undefined

e “_-J| GROUPS DO NOT HAVE TO OCCUR. IN THE SAME VISIT |% |‘1J Sensitivity < | Reset all groups to >0 | =Spedificty

Containing | cemb ndex O oowioz B[ Gowzets W] oewaos
|A.|| Categories vl [Fil'lljl Oaztes I Recorded=0x I I Exdud:—l Oaztes I Recorded>0x I I Exdud:—l

E@ Search Ttems 21 '_:'."-e or more fams recorded 21 |O.rle or more fems recordea1
B CK-ME Index (Group:CKMERT) [H-IC3) [Acute myocardial infarction| H-IC3) [CK-ME Index

il (Group:CKMBRI) = 3.5
e [2] CE-MB IMDEY (Testisc400,4452)

| Resetan )| First Group || shitLert | | snittRight }| Last Group || New Group |

Total count: 4

I:l Gender I:l Ag= I:l Rzcs I:l Witz

=1 o —— 11—

r | 5 Female  Male 40 a0’ A B H W O U Alive Deceased

@ AspTreevView MetaltemFind_Sub.aspx?SearchString=ck-mb index&SearchCategory=category_union&SearchOperator=3 ‘ﬂ Local intranet
-




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

File Edit View Favorites Tools Help

@Back - \_‘) @ @ \._;j /:__j Search ‘-gj‘\?FavDritES @ [‘E:{* -::._; = J ﬂ ﬁ

Address @ http: ffrpdrwveb frpdrwebdient/querytool. aspxires =768

RPDR Enhanced Query Tool Legging: Duey, Stacey A. in workgroup of [EiEEla e iiv

Match Controls | Analyze Patients Request Detailed Data Request Specdmens Understand Data m

Query Items IL'T_'.'IEI Previous Queries Query Name: Acute myocardia..., CK-MB Index (Gr.. on 01/24/32011 #2
“_-J| GROUPS DO MOT HAVE TO QOCCUR IN THE SAME VISIT |w |‘1J Sensitivity< | Reset all groups to =0 | »Specificty

Search For:
| Containing b | ||:k -mb index | Group 1 of 2 . Group 2 of 2 . Group 2 nf3 .
Oaztes I Recorded=0x I I Exclude I Oaztes I Recorded>0x I I Exclude I

|.A.II Categories vl [Find |

E| @ Search Ttems ﬁ '_:'."-e or more ifems recorded ﬁ f_:'.'-.e or more fems recorded 2 L
ik . . | H-C3) Acute myocardial infarction H-C0) CK-ME Index -
5 CK-MB Index {Group: CKMERI) (Group:CKMERT) = 3.5

f [ CK-MB IMDEX {Test:sc400,4452)

| Resetan )| First Group || shitLert | | snittRight }| Last Group || New Group |

Total count: 21647£3 patient(s)

Gender Age Race D Vita
: o o o oy 3
I 4 & 2 3 R
d 38 A .- T
Female Male  Cther 40 80 I 'A B H W © U Alive Deceased

£ | >

@ AspTreevView MetaltemFind_Sub.aspx?SearchString=ck-mb index&SearchCategory=category_union&SearchOperator=3
-

‘ﬂ Local intranet




2 RPDR Detailed Data Request Wizard -- Web Page Dialog x|

Welcome to the RPDR Data Request Wizards

The RPCR. is a HIPAA compliant systern, which returns aggregate patient information via a Query Tool, based on user-
defined criteria, With proper IRE approval, RPOR users can:

e Lse their previously queried patient set
e 0OF import their own approved set of Medical Record Murmbers

to request detaled or identified patient clinical data, These wizards are included in the RPOR for bhurnan research
investigators to request identified patient data from their respective Parthners sites,

You are now launching a wizard in order to request identified patient data.

Your request rust conform and comply with the alowances of your Partners sponsored IRE human studies protocol, This
responsibility rests entirely on the faculty sponsor who is requesting the identified data or who is approving the regquest of
identified data from a workgroup mermber, It is very important that the correct IRE protocol number be chosen for each
request of protected health information,

This infarmation is protected under the Parthers Privacy and Confidentiality Policy and provided with approwal by the
Hurnan Research Comrittes only for the use specified in your protocol nurnber, It mmay not be wsed for any other purpose
without specific approval by the Human Research Committee, It may not be distributed to any individual not specifically
authorized under that approval, The data must be managed in a manner that complies with HIPAL Security Regulations,

I accept responsibility for the data returned by this query,
Accept  Cancel

Parthers Healthcare System HIPAA Compliance

Additional HIPAL information for the research cormmunity is available from these links, sponsored by Parthers and the
Hurnat Research Council (PHRC),

HIP&L and the Privacy Rule
HIP&AA Central




One year (2014) usage of RPDR

3100 registered users, 655 new in 2014

583 teams/year gathering data for
research studies

2634 detailed patient data sets returned to
these teams in 2014, containing data of
24.7 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  $94-136 million/year 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%




RPDR Quarterly Team Queries

From FY02 Q3 to FY18 Q4
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RPDR Detailed Data Set Production

FY 02 Q3 to FY 18 Q4
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Secure Data Computation in Data Enclave

Various Query Endpoints

12b2 tranSMART Data Enclave

Multiple query endpoints feeding into Data Commons for
Research, Operations, and Clinical Insights

f‘) Computational Sy

5
RPDR  — JlgHIR based
DB Components: Apps
* Cohort Creation
and focused data 5
extraction J
. ' 12b2
12b2 METEEEE
Terminology tranSMART
OMOP — . |
PCORNet RElUlEtels
DB Oversight
« Libraries of D
3. Python/R : Jupyter
» Hyperconverged Notebook
tables
Text — 3
SolR ‘
Data Transactions F/P Hon/R
ython
Environment
Real Time
Data from
Clinical 9
FHR — — Analytics >
Mongo DB PIC-SURE

API

saonAjeuy eaiul|D

System Components

Combining Big Data Sources

1/
2 | Query Endpoints for DATA
3 | Web Services / Bulk Transfer

Technical Solution Development

4 | AI/ML Ready Bundle
Research and Clinical Application
Projects

FHIR based SMART Apps

5)

12b2 tranSMART
6 with Fractalis plugin (next
< | version of SmartR plugin)
Jupyter Notebook with Al
7 | | Visualizations - Matching
"~ | patients with similar disease
profiles
8 Python/R Environment

full interactive development

19
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Hyperconverged Data Export Types

Download Data

Select Export Type H Specify Export Parametars ” Download StatusiHistory

i Download Limited Data

-,
oo

Export All Data Customize Aggregated Data
for Patients in a Query for Patients in a Query
Build a tall CSV file, one fact per row, Build a wide CSV file, one patient per row,
for your selected patients. of aggregated data in columns.

SELECT SELECT




Sparse Matrix Tables for Computation

Select Export Type || Specify Expart Parameters || Download Status/Histary |

D Customize Aggregated Data for Patients in a Query

To create and download a file of data, first drag and drop a Previous Query to the Previous Query box below. Then select any
additional concepts from the Navigate Terms panel in the upper left-hand side of the Portal and drag them to the Concept(s) box
below. You may drag in as many additional concepts as needed. The list below the Concept{s) box displays all the concepts you will
see in the resulting file. Use the Aggregation Option column to select values for the concepts (default is Yes/No). You may remove
any concepts you don’'t want by unselecting the box in the Include in File column. Click the Next (Preview Data File) button at the
bottom of the page to see a preview of what the file will look like. All downloads will be closely audited.

Patients:

[#8 Patient is cons@14:59:32 [Patient Count: 85280] il ‘

) Include concepts from the Previous Query

Concepts:

{4 Drag & Drop additional concepts here from Navigate Terms or a Previous Query ‘

= Append concepts to the list below

L . HEHEEIEE

£ Ppatient Number v
£ Gender v
9 hge ‘
£ Race "
£ Ethnicity "
£ vital Status Value v
E Patient is consented to bicbank Set Date] Existence (Yes/MNo) v ﬁ
Existence (Yes/No)

Date (First)
Date (Most Recent) NEXT (PREVIEW DATA FILE)
Count

All Concepts (Names/Text)
IMost Freguent Concept (Names/Text)
All Concepts (Codes)

Iost Frequent Concept (Codes)

21

ent Num

Gender

M

Age

10

11

12

13

14

15

16

Race

Ethnicity

Hispanic

Hispanic

Hispanic

Hispanic

Hispanic

Hispanic

Hispanic

Vital
Status

Living

Living

Living

Living

Living

Living

Living

Consented

Yes

Yes

No

No

Yes

Yes

No




Key for Success — Two types of tables
[1] Sparse Matrix

Patients
from Cohort
selection

Cell
Contains
An
Aggregated
Value

[ You are viewing rows 1-50 out of 251

W Patient Number

Existence (Yes/No)

Date (First)

Date (Most Recent)

Count

All Concepts (Names/Text)
Most Frequent Concept (Names/Text)
All Concepts (Codes)

Most Frequent Concept (Codes)
Minimum Value

Maximum Value

Median Value

Average Value

Mode (Most Frequent Value)
List of All Values

~ View table of patients

Gender

]

]

M

Semantic (Ontology) value
Il I I N N

Yrow s

Age Race [Bxistence (reono)
8 WHITE =

72 WHITE e

75 WHITE =

64 UNKNOWN =

59 WHITE ME

8 WHITE ves

Whether the patient has an observation of this concept.
This is the default option.

Date of earliest observation

Date of the most recent observation

Total number of observations

All concept names are listed

Most frequent concept name

All concept codes are listed

Most frequent concept code

Minimum value of all numeric values observations
Maximum value of all numeric values observations
Median value of all numeric values observations
Average value of all numeric values observations
Most frequent value for numeric, enum, blob observations

List of all values for numeric, enum, blob observations

Tobacco use disorder
[Existence (Yes/No)]

Yes
Yes

Yes

Yes

22
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Key for Success — Two types of tables
[2] Star Schema

Binary

1
25 6.4
Encounter DIMENSION ]

450 Practitioner DIMENSION —
.04

Patient-Conceft|FACTS “‘

3100 million

Concept DIMENSION Patient DIMENSION _—[
concept_key patient_key —[
concept_text patient_id {encrypted) ree
search_hierarchy i sex I —[
: age
patient_key bﬁ'th date
concept_key race —[
Start_date deceased ]
i ZIP ‘[
Encounter DIMENSION practitioner_key B
L— encounter_key —[
encounter_key value_type
encounter_date numeric_value —[
hospital_of_service textual value
oy Practitioner DIMENSION
abnormal_flag start _[
practitioner_key —_—
name search 1
service
Concept DIMENSION Patient DIMENSION *‘»_[

Theory of Kimball translated to
Healthcare Data

23
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12b2 Star Schema

visit_dimension
patient_dimension PK | Encounter Num
PK | Patient Num 1\ observation_fact 1
. Start_Date
. PK |Patient_Num / —
S o | PK [ Encounter_Num End__Date
Death _Date PK | Concent CD 00 Active_Status_CD
) o) .
Vital_Status_CD PK | Observer CD o Location_CD*
el S o | PK | Start_Date \
chr:]eeé:_D* PK | Modifier CD o ] observer_dimension
iy . PK | Instance_Num
Ethnicity_CD PK | Observer_Path
End_Date
ValType_CD Observer_CD
TVal_Char Name_Char
. . NVal_Num
concept_dimension VaIue_FIag cD o
PK | Concept Path Observatio_n_Blob modifier_dimension
00 PK | Modifier_Path
Concept_CD
Name_Char Modifier_CD
Name_Char
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12b2 Star Schema can adapt to Multiple

visit_dimension
patient_dimension observation_fact PK | Encounter Num
- 1 observation_fact 1
PK | Patient Num PK | Patient Num Start Date
PK | Encountar_ Mum £ | Patient Num End _DEtE!
Birth_Date an PK | Conc ﬂbSEWﬂtiﬂﬂ_faCt m o ACtI;E Status CD
vty PK | Qbse i cD Location_CD*
Vital_Status_CD PK | Start| PK | Patient Num r CD o0 -
Age Num* - | PK | Modi PK | Encounter Num ;te \
Gender_CD* PK |Insta| PX |Concept CD  CD « ] observer_dimension
Race CD* PK | Observer CD > Num
Ethnicity CD* End PK | Start_Date PK | Observer Path
-| PK | Modifier CD -
ValTy ©
TVal PK | Instance_Num CD Observer_CD
NVal| ar Name_Char
i End Date Im
Valug —
concept_dimension Obse ValType_CD 1g_CD o0
TVal_Char tion Blob modifier_dimension
PK | Concept Path NVal Num -
o0 VE'UE‘_HEQ CD PK | Modifier_Path
Concept_CD Observation_Blob _
Name_Char Modifier_CD
Name_Char




Adapts to
OMORP (v5)
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Ontology Tables Need to be Created - Build
ontology of OMOP standard concepts

g .
Navigate Terms ” Find | N AL Navigate Terms |_I Find | S VI
/54 OMOP Conditions =[5} OMOP Medications (RxNorm)
=51 16D Diagnoses =3} RxNorm Code (by VA Drug Class)
‘ & Circulatory system #-[53] Antidotes, deterrents and poison control
@ {31 Conditions in the perinatal period olieT] Anl?nifstami.nes
{51 congenital anomalies =l Antimicrobials
{51 Digestive system & {51 Antineoplastics
{51 Endocrine disorders chie) M!!para§|UC§ v
[&1 Events of pregnancy =3 Antiseptics/disinfectants
{51 Genitourinary system # {531 Autonomic medications
E?J Hematologic diseases # ﬁ Blood products/modifiers/volume expanders
[51 Infectious and parasitic diseases #[53] Cardiovascular medications
[5] Injury and poisoning {531 Central nervous system medications
{51 Mental Disorders {51 Dental and oral agents,topical
{51 Metabolic and immunity disorders i) D.ermatol.ogica[ agents
@l and connective tissue @[] Diagnostic agents
o BEC evus o | [ sivs
/5] OMOP Procedures [} OMOP Conditions
[5Gl HePes (i.e., HCPCS Level 1) [ OMOP Demographics
15} 1cD-10-PCS /5] OMOP Labs and Tests
£1/5416D-8-CM Procedures &l LoiNe
{51 Miscellaneous diagnostic and therapeutic procedures = [@ Test finding (SNOMED)

[5] Obstetrical procedures

{51 Operations on the cardiovascular system

{51 Operations on the digestive system

{51 Operations on the ear

=@ Operations on the endocrine system

{51 Operations on the eye

5] Operations on the female genital organs

{51 Operations on the hemic and lymphatic system
(- 5] Operations on the integumentary system

{51 Operations on the male genital organs

{51 Audiological test finding
D) Breath test finding

- [5] Dermatological test finding

{51 Eeg finding

[51 Exg finding

{51 Electromyographic finding

&1 {5] Endoscopy finding

{51 Gastrointestinal test finding

{51 Gu test finding

& Imaging finding

Ontologies covering the condition, procedures, drug, measurement and observation
domains. All terms are mapped to standard concepts using OMOP’s mapping tables
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Use Ontology Tables to direct Queries to proper
Fact Table view

Prepend c_facttablecolumn with OMOP domain view and modify CRC to parse into
‘domain_view’ and ‘c_facttablecolumn’

C_name c_facttablecolumn c_tablename c_columnname c_operator c_dimcode
Diabetes mellitus condition view.concept_cd concept_dimension concept_path LIKE \i2b2\Diagnoses\Endocrine disorders (240-259)\Other endocrine gland ¢
o =
O Siaista T 58 AR B0l select patient_num from
4 [5] OMOP Conditions - -

4[] ICDA Diagnoses

. condition_view where concept_cd
{5l Circulatory system — _

{51 Conditions in the perinatal period |2 I N
5l Congenital anomalies ‘

{51 Digestive system
a :;J EI\%:s:rineﬁis:orders (SeIeCt
) Srer endocine gar diseases concept_cd from concept_dimension where
¢ w2 concept_path like '\i2b2\Diagnoses\Endocrine
Sl e o e AP disorders (240-259)\Other endocrine gland

B8 Ot e diseases (250-259)\(250) Diabetes mellitus\%°)

1 >




Linking OMOP into i12b2 software

2 i2b2 Web Client

@ @ | nttps//www.i2b2.org/webclient/

C || Q search

B Most Visited @ Getting Started @ Epic & sap & Persistent 3 Congestive Heart Fail
i2b2 Query & Analysis Tool Project: OMOP

s e

User: omop User

Query Tool

B cstablishing Inter-Tnsti...

Find Pafients | Analy:

e © ¢ A OF

ools [§3 | Message Log | Help | Change Password | Logout

Dy Es

=133} OMOP Conditions || | Query Name:[ Edena@12:22.55

[511CD9 Diagnoses Temporal Constraint:

| Treat all groups

{3} SNOMED Clinical Findings
@ & Calculus finding

Clinical history and observation findings Dates Occurs > 0x

Treat Independently ~

Exclude || Dates Oceurs > 0x Exclude || Dates Oceurs > 0x Exclude

Treat Independently ~

Treat Independently ~

& Clinical stage finding

[l Gyanosis

Deformity

Disease - 835

=[5 Edema

5} Anasarca

[ Brawny edema

[ Corneal stromal edema
[ Dependent edema

[5] Disorder characterized by edema
{5 Edema of breast

5] Edema of cervix

[ Edema of clitoris

{5 Edema of ear canal

{5 Edema

i

{5 Edema of extremity
(3] Edema of prepuce

[naven | _cesr_|

1 Group

(][] [new Group [ ][

[ Edema, generalized

{1 Gingival edema

Show Query Status. m‘ ‘ Query Report ‘

[ Localized edema

{3 Mucous membrane edema

[ Non-pitting edema

[ Ole - edema

[ Pitting edema

1 [53] Effect of exposure to physical force
1[5 Enzyme activity finding

Fetal finding

1./ Findina by methad

Number of patients

384

For Query "Edema@12:22:55"

m Medicare Claims Synthetic
Public Use Files (SynPUFs)
in OMOP v5 CDM is
background data set

m https://www.i2b2.org/webclient/

m  Username: omop
m Password: demouser
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Strategy Is Converging ML/AI Starting Points

» Allow Learning Algorithms to grow from a common stating point

» In Data Enclave can accumulate libraries that operate from common
data presentation

» Aggregate and Detail common presentations

» Transform other data models into these presentations so the look the
same to computational algorithms

» Derived data can be stored back in relational structures at end of
computation

» Serves as index for large file objects

» Derived data from large file objects goes back into the index

» Data marts of derived data can be created and published in i2b2
tranSMART DB

30
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Jupyter Notebook

&l|l=|E=] 3
/C Harme X / B Phenotype_prog Y
C |® 127.0.0.1:8888 /notebooks/Phenotype_prog.ipynb ‘fr| :
— Jupyter Phenotype_prog Last Checkpoint: 8 minutes ago (autosaved) ? Logout
File Edit Wiew Inser Cell Kermel Widgets Help Trusted |F‘yth0n3 8]
B + = A B A+ MR B C W cCode v =
#pd.set option('display.height', 10) ' -
pd.set_option('display.max_rows', None)
pd.set_option('display.max columms', 13)
pd.set_option('display.max colwidth', 30)
pd.set_option('display.htwl.border', 2)
pd.set_option('display.large repr', 'truncate')
#pd.set opticn('display.max columns', None)
df = pd.DataFrame.from recordsi{pheno_rows, colusns=headerRow)
In [ ]:
In [7]:  &#Ff = open{"myfils.htmi"™, "w")
df.to_htwl ("myfile.html™)
#f. clossa()
In [8]: ecnxn.closel)
In [9]: df
out[9]: -
PheWAS _name PheWAS_code model update_date AUC AUPRC cut PPY TPR FPR F1
0 Systemic oy owag 7093 PreMarm_mean 20 06185 orr be30 05 0728 0848 0255 0783431
sclerasis 21:29:113
1 SR o g 7003 wep  ZMEIETY g ac 0833 10 0446 1000 1.000 0B1GT4
sclerosis 21:29:13
2 SSIBMIC  ppowag 7093 PheMorm cDNLP 20180819 naas 0779 05 0738 0810 0235 0771229
sclerosis 21:29:13
3 SO ppowag 7093 Phemor_nLe 20180818 nair 0767 05 0758 0759 0494 0758000
stlerosis 21:2913
a SYSIBMIC  pponag 7093 wnep  ZU1EOE18 hsn n7se 10 0580 1.000 0633 0717348 .
sclerosis 21:29:13

31
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Python/R Environment

a F:/300Phenotypes (copy 5-26-2018) - R5tudio
File Edit Code Plots Build
o - Of 2 .

Wi Session Debug  Profile

i_term_extract.R @7 render_phewas_reportR

Q Al i

Z LT
#generate the report

Source Source -

TibraryCdplyr]

#test_code «- "Phewas:172.21"
#test_description <- "Basal cell carcinoma”
#test_abbr «- "BCCM

TR R e . B SN PA R N

sourcel ' R/compute_phenotypes. R’
10 <on <- DBI::dbConnect{odbc:odbo(), "phsglrg

Toals

= Addins -

7 render_p i e [

m

11

12

13 phenotypes <- DBI::dhGetdueryicon, "select |
14 Tenull1e:
15 from Fhe
14 filter(status == "Cata Ready -
17« | n [ 3
15:42 [Top Lewel] = R Script =
Console  Terminal - ]

F:/900Phenotypes (copy 5-26-2018)F

rs.

Type 'contributors()' for more information and
"citation)' on how to cite R or R packages in pu
b1ications.

Type 'demo()' for some demos, 'helpt)' for an-1in

Type ‘gf)' to guit R.

> |

e help, or
"help.start()' for an HTML browser interface ta h|
elp.

m

1

Help

Environment  History  Connections

S e | “Import Dataset = &

1 Global Environment =

Ervironmment is ernphy

Files Plols Packages Help

& | Mew Folder | € Delete

F: » 900Phenotypes [copy 5-26-2018]

& Mame

| compute_phenotypes.R

| Phenorm.R

| render_phewas_dashboard.R
| render_phewas_reportR

| run_tertn_extract. R

Gﬁlﬁlﬁlﬁlﬁlﬁ

| term_extract.R

= | Rename

Viewer

R

(o] ® |w=]

B 900Phenotypes [copy 5-26-2018) -

=0
List =
=
{} hare

4
Size P
5.1KB kA
14FKB &
15KB i
19KB b
2kB b
5.2KB b

32




Python/R Reprots

0.254

PhetA5:709.3 Systemic sclerosis X ‘ \—H—Ig
(&)= ¢ ﬁ 6] file:ffC: Asers fenmO/Dropbox (Partners HealthCare)/200Phenotypes, e 9 ﬁ Q Search I @ =]
L} Most Visited . Getting Started @ epic @JupyterHub
Computable
Phenotype Dashboard
Fhenotypes Methods Aboutus
g z ge &
2 2 10 2 2
3 3 £ |10
12D and MLP Definitions ! 05 1 0s
Pepulation Characteristics
0 0.0 0 0.0
Uemographics 000 025 050 075 100 000 025 050 075 100 000 025 050 075 100 000 025 050 075 100
Utilization PheNorm_ICD score PheNorm_NLP score PheNorm_ICDNLP score PheNorm_mean score
120 and MLP cverla H
P Supporting Features
PheMorm Baseline Features
TODG
Raw features [x)
Marmalized by notes/encounters (z) Va I Id atlon Results
Models Validation ROC (n=177)
Supporting Features 1.004 _ S ==
validation Results z - _.—"“
:% e
2 0751 e
3 o
&£ LeT
5 e
B 0.501 model cut AUC AUPRC PPV TPR
o PheNorm_mean 0.5 0877 0830 0728 0.848
55 x_ICD 1.0 0.851 0.833 0446 1.000
[
2
=

PheMorm_ICONLP 0.5 0.845 0778 0736 0.810
PheNorm_NLP 0.5 0.841 0.767 0.759 0.759
x_NLP 10 0836 0759 0560 1.000
PheMorm_ICD 0.5 0814 0695 0657 0.899

0.001 _.
0.00 025 0.50 0.75 1.00
False positive rate (1-spegificity)
— PheNorm_ICD —— PheNorm_mean — x_ICD
model
— PheMNorm_ICDNLP — PheNorm_NLP — x_NLP
Validation Scores by Model
y P A A ; A 2
he* ©* e T WA i A A A, t“‘nﬂa
PheNom NLP{ 5@ 9% @ o o 4 "4l l dataa’sa o
. A A At 2R L . 1Y %2
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FHIR - GATHERING FULL SUPPLY CHAIN CONTROL

CLINICAL

ENVIRONMENT

Clinical

INTEGRATION ~ b BIG DATA
ENVIRONMENT COMMONS

COMPUTATIONAL
ENVIRONMENT
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Data Enclave into Clinical Care

2 = == Query
- AN = B Endpoints
WP = | (S~ || Epicizb2 Genelnsight,
Clinician — — Repository | mHealth, ePath,
’ ~| Medical Images,

| 25 years of

Legacy electronic
data, and Other
External Systems

SMART Afp errlrrfédded in Epic

12b2 tranSMART Real Time

Data Enclave Data from
Clinical

Analytics

Laboratory
Personnel

i
7

SMART | | [JonthR
. T sers View
App In Standalone

Lab App
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Data Integration in Data Enclave

Electronic Medical Record (EMR) Data Informatics Tools

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
~ T
Otherlgieisearch
ata

N — —

— — [ GWAS l Validated Phenotypes
Type Il Diabetes IBD

g Survey Data J Coronary Artery Disease | Multiple Sclerosis
Congestive Heart Failure | Bipolar Disorder

Rheumatoid Arthritis

Biobank Data

DNA
Serum
Plasma

!

Research

Recontact
Consent Status
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Use NLP to extract the relevant features from the
set of patient notes.

ISD_QIAL_I:LI_SJ:ORY The S k ried with four grown daughters,
. luses tobacco| has win hbbasalir

| "”... SOCIAL HISTORY: The patientis a|nonsmoker. [No al .
£ o Non-Smoker
. SOCIAL HISTORY: |Negative for tobacco, |alcohol, and IV fug abuse. -

FAST HEDICAL HISTOR jf:l Hip II icture |:_':|| anch

. BRIEF RESUME OF HOSPITAL COURSE:
63 yo woman wnh COF’D 50 pack-yr tobacco (quit 3 wks ago), Past Smoker

ALLERGIES: (1) Aspirir {(2) CiprofloxacIn

[ SOCIAL HISTORY The patiem lives in .rehab, married. |Unclear smoking b/,l?:;,?—
| from 1he admlssmn note £

P , PULIT OW, § T3P LU L,
b d pr ure If.'-Z_-"l'u 1, oxygen saturation 95% on room air. IEEHT : Hormocephalic and atraumatic. Pupi

HOSF’ITALCOURSE It was recommﬁ%ﬁhat she receive ...We also added

| Lactinax, oral form of Lactobamllus Hard to pick epopulation of her gut.

- S-H IW|dow Iwes alone 2 children,no tob.’alcohol. Qlard to pick _



12b2 Community Software distributed as open source

€ Dashboard - i2b2 Wiki - Windows Inte

i— - . : d -
(m '.\ghttps:,-’,-‘communit}f.ilbﬂ_. org/wiki/dashboard.action

File Edit View Favorites Tools Help

Vs Favorites K74 Dashboard - i2b2 Wiki L

@ i?b? Sponsored Project - i2b2 Web Client

The i2b2 Web Client is one of several core projects that are directly sponsored by the i2b2
team.

@) i?b? Sponsored Project - NCBO Ontology Tools
Tools to extract and organize ontologies from the NCBO, organized by Lon Phillips

& Related Project - Glinical Trender

The Clinical Trender aims to allow researchers to track and visualize certain clinical
variables related to a selected p...

() Related Project - CRC Tester
A Workbench plugin that tests the CRC web services by Mike Mendis

) Related Project - Crimson
A project to make specimens available through i2b2 infrastructure, organized by Lynn Bry

@ Related Project - ExportXLS
The i2b2 Web Client Plugin that tabulates patient data & applicable specified concepts; and
facilitates export to spread...

) Related Project - FACE caGrid CQL2 Data Source
A caGrid/TRIAD data senvice that runs i2b2 queries via the RESTHul interface to CRC

@ Related Project - Familial, Associational, & Incidental Relationships (FAIR)
Initiative.
A collection of DBA tools and webclient plugins to facilitate the identification of related
concepts amongst related pat...

@ Related Project - Federated Query Simulations

Simulations of federated query tools that return aggregate counts, such as SHRINE, by
Griffin Weber

e

©

e

@

m

€ Internet | Protected Mode: Off

v ®10% -
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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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Curating a Disease Algorithm

Develop the classification algorithm. Using the

1. Create a gold standard training set.

|| view Resutts || Prugin Halp |

e 10 [ go | [ ===
Savimn

4524
000000021
LCS-1282XR_RPT_DID

LCS-1282.0000109066
2002-02-12T00:00:00,000-05,00

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

2 ppd history smoking ... ——|~{—

Unified Medical Language System

typs

voc

[Ficon [SNomm’ Sta
L S| L voc
= al

rep

Family history: Sister died

at74years..

Mrs Jones was discharged
ona 1,500 mi fluid
restrict

RaNorm o |
Diagnoses. Billing codes
——  Environment
e i B
s | o

Discharge diagnosis: At ——

Symptoms

Nature Reviews | Genetics

3.

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

# of selected features = 29

Standardized Coefficient Esimale
[}

Constraints on Madel Camplexity

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

having the phenotype

Sensitivity

10

- Note Level: Relaxed ALASSO, AUC = 0.931
« Patient Level: Logistic Regr. AUC = 0.823
T

T
04

T
0.6 08 10

1-Specificity

data analysis file and the training set from step 1,

40
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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



Genotype Data

[ Navigate Terms ||IEZ20 IERCNCAS

[+ Lg, Biobank Consent Information &
] Q Biobank Demographics &
=] ,— o Blobank Genomlcs [i]

# g Biobank Health Information Survey &
[+ é Biobank Sample Types

- [5] Curated Disease Populations €
&[0} Healthcare Data ()

® Lg, Healthy Populations (Controls) &

Query Tool

Query Name: |

Temporal Constraint: =

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.

Dates Occurs » 0x | Exclude &

| Gene - 10097 @) ‘

drop a
term
on here

Search by Gene

H

]

]

! Gene Name*: APOQ|

; APOA1

t Please note the zygo APOA1BP

P 2 particular variant (H APOA2

f Zygosity*: APOA4

; APOAS

Consequence: APOB

APOBEC1
APOBEC2
APOBEC3A
APOBEC3A_B
APOBEC3B

el

query for patients without

o]l _comen |

Navigate Terms H Find | o [v &

*j Biobank Consent Information

® 21 Biobank Demographlcs [ 1]
S| r_ & Biobanp

& [5] dbSNP rs Identifier - 10097 €
SreT-E>

B

e
E2)

=51 People with genomic data - 10097
[5] Biobank Health Information Survey €
/5] Biobank Sample Types @&

[0 Curated Disease Populations €
|5} Healthcare Data @
® /5] Healthy Populations (Controls) €

Query Name:

Temporal Constraint:

Dates Occurs > 0x | Exclude P

| dbSNF‘rsldentiﬁer-1009|

drop a
term
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 H
I box below, a selection list will appear after you type the first three numbers.

rs identifier”: rs1234
rs12340033 | Cto G

Please note the zygd rs12340061 | Gto A
particular variant (ho!
after you start typing | 'S 12340067 |Cto T

(nucleotide onthe ri¢ rs12340088 | Tto G
rs12340105 | Ato C
rs12340107 | Gto T
rs12340117 | Gto A
rs12340120 | Gto A
rs12340129 [Ato G
rs12340149 |Gto A
rs12340158 | Tto A

b

Zygosity*:

/

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

‘ Cancel J
[Conhere™]
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https://community.i2b2.org/wiki/display/IGD/Loading+Genomic+VCF+Files+into+i2b2

W4

Eile Edit View History Bookmarks Tools Help

Partners Biobank Portal b

BIOBANK gigps s
P ORTAL Biobank Portal Gen

Navigate Terms

(i) @ | https:;//biobankportal.partners.org/4-0/7user=snm0

omic Pilot [Logout]

,@ Biobank Consent Information &

,@ Biobank Demographics €0

-+~ Biobank Genomics

E All people with genomic data - 9358
ﬁ dbSNP rs Identifier - 4930 €

=3l Gene - 4930 @

[]--@ Biobank Health Information Survey &
-3 Biobank Sample Types @

-I[0] Curated Disease Populations & |
i[5 Asthma (AST) @

[&] Bipolar Disorder (BD) &

[5] Breast Cancer (BRCA) @

,@ Chronic Obstructive Pulmanary Dise2
=H5] Congestive Heart Failure (CHF) @
Q CHF - current or past history (FPV O

Coronary Artery Disease (CAD) &)
[5] crohn's Disease (CD) @
Depreszion (DEP) @
[5] Epilepsy (EPIL) @
=5 Gout (GOUT) @

[5] Hypertension (HTN) €
[5] Muttiple Sclerosis (MS) @
Dbesity (OBES) €

Rheumatoid Arthritis (RA) €
=[5 Schizophrenia (SCZ) @

[51 Type 1 Diabetes Mellitus (T1DM) €

t Type 2 Diabetes Mellitus (T2DM) &
H Ea o

90)-700

4+ & B O 4 |-

& Find Patients ® Make Request M Help & Support

v

awn Murphy, MD

From Raw Data

Treat all groups independenthy

Occurs = 0x

reat Independenthy - ndependently *

redl INdepenae

Exclude || Dates Occurs = 0x Exclude

ﬁ Gene [contains "TTM AMND
Homozygous AMD (Frameshift OR
missense OR nonsense OR
start_loss OR stop_loss)T]

Q CHF - current or past history (PPV
0.90)-700

@ Primary dilated cardiomyopathy -

From Computation

3 Groups

[L<][< |[new Group [ ][]

Show Query Status HH Query Report H Download Results ‘

MNumber of patients

70

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

-

(3
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Find Normal Brain MRI’s of Children

A s Providing Clinically Relevant Brain MRI ADC
550 .
505 Maps of Normal Children Ages 0-6
500 R .. Processto find appropriate clinical imaging studies
a75 (e ,
: e — N="100, 000

425 B P — - Brain MR In MiGH
400 = eeam— N o= 2,871

o 375 = ,..._'.’?T_... - scanned 2006-2013 with ADC mags in

E Siamans 3Ts|:anm?r_

g > Vedical Records Query using [l o povaieimecten

¥ 325 i2b2 finds Normal Children with portssues
300 Clinical Brain IMRI Images,

E 275 NIBIB funded mi2b2 Workbench No=Leas ;
250 allows special audited access for ’ i faung Tl are ot cormapie
205 imvestigator to Hospital Clinical N = 705

2 Imagin Studies of Patients - ADCrmaps and clinical cases re-examined & confirmead
200 specified by Institutional Review tn be normal by & nevro-radiologist (D, Grant] and a
175 Board [IRB) approval. necnatalogist | Dr, Batas)

hittps: fwwwi 2B2 .o

150 http://mi2b2help.partners.or

02 46 810121416 18202224 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Age [months]

Number of patients who had a brain MRI scan at a particular age in months from 0O to 6 years (A) and in
weeks from 0 to 4 months (B)
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Atlases provide a visual guide for
Radiology Decision Support, such as
determining Perinatal Hypoxic Ischemic

E n C e p h aI O p at h y patient 027 patient 022 patient 026 patient 029
B 1‘? .-:"A;""'w."-T A ) udd "'\“ ’d
e, ¢S }
L2
ADC map from 4 infants: .
Each statistically compared
to age matched atlas yields

visual guide to pathology srpaes S

2 stdev, overlaid

transparancy)

i
on ADC map (50% (S
s Ly

I
17es
Vo

L
“

Quantitative analysis Zmapouora S
tools + large data sets Tranevwinc - N
= Great insights for
practicing doctors gt

Z-map cut off at
-2 stdev, overlaid
on ADC map (50%
transparancy)




Federated Queries

SHRINE Project SHRINE User: Shawn Murphy Find Patients | Message Log | Help | Logout
| Navigate Terms BEE Query Tool B EE
Search by Names s,,—|rd| by Codes Query Name: [ Acute hepatitis@12:45:50 |
Containing  + |hepatits ¢

Any Category v

/o] Hepatiis b core antibody - Dates| Occurs>0x | Exclude||Dates| Occurs>0x  |Exclude|| Dates| Occurs>0x | Exclude

g Hepatitis b core igm antibody test > > Partners Healthcare System

5] Acute hepatitis ¢ with hepatic ct

5] Hepatitis b vaccine injection administered or previou B Acute hepatitis ¢ without menti
ﬁ] Hepatitis b virus (hbv) status assessed and results i E Unspecified viral hepatitis ¢
[51 Hepatitis ¢ antibody 3 B Unspecified viral hepatiti
] % Hepatitis ¢ antibody 5 5] Unsp ‘:Ic;ﬁ:'d viral hepatit — | . P .
Hepatitis c antibody Unspeci itis ¢ B t Ch ld H t 1
” [ Hepatitis ¢ antibody confirmatory test | oston 1 rens Ospl a
! 5] Hepatitis ¢ antibody; test (eg,
5] Hepatitis ¢ antibody measurement < | m |

<

51 Heatitis ¢ antibodv test N
N ' 1roup [ oworow] ] BIDMC
FPRNCTERN cucr o

=
& Arthropathies a@17:23:51 [2-11-2015] [smurphy] = Finished Query: "Acute hepatitis@12:45:50" [63.5 secs]
62 Neotits neph@15.5629 21120t smur (= || Temple 10 pates o fever Fniswe posecl || Boston Health Net (BMC and
& F Major-Femal-18-34@17:36:09 [2-4-2015] [smurphy Wakh- 4o it L petant FINISHED [3.0 secs]

A |
f Major d-Female@17:34:30 [2-4-2015] [smurphy] BCHT=501 43 patiants ERISIED 4.1 5ec] iy

.
= £2 Major depressiv@17:32:43 [2-4-2015] [smurphy] 2’2?.,:‘29_2221’23:;::{;;5 Em:gngg{g:g::zz} | e ?“ Communlty Health CenterS)

I

I [ Appendi-Black 0@15:57:24 [1-28-2015] [smurphy] Partners HealthCare - 18750 +3 patients FINISHED [6.1 secs] 2 ’?
[ = icitis@15:55:07 [1-28-2015] e UT - 3516 +3 patients FINISHED [26.8 secs]

et i i -

f

= tf/ I Columbia U. Medical Center and

University of California, Davis & ) New York Presbyterian Hospital

Washington University in St. Louis Forest Baptist Medical Center

Morehouse/Grady/RCMI



12b2 Implementations

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
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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 ARdTEES

CRC

Partners
Responder
Adapter

CHB
Responder
Adapter

BIDMC
Responder
Adapter

6. Send
results to
aggregator
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ACT Workflow at the sites to find patients for a
clinical trial:

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

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

m The patient set is studied and sorted for the specific patients
eligible for the Clinical Trial
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Accrual for Clinical Trials (ACT) - Workflow

PHASE ONE Query SHRINE network for aggregate patient counts PHASE TWO Review and select patients locally in i2b2
O s
A Generate table
of patients — @i

SHRINE Web Client

! Review/export
list of patients




: RY;
emerge network

ELECTRONIC MEDICAL RECORDS AND GENOMICS

Sequencing
100 high-
priority genes

25,000 Network-wide

oo ) ) W

Penetrance and Pleiotropy

y/
#

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

) MD visits
bl Weeks y5) | Labs/LDL levels
Genotypin ) Health care costs
yp g ﬂ#_ | | | L Prescriptions
I * Family screening

Treatment as usual
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Tribute to...
mJeff Klann mVivian Gainer
mKavi Wagholikar mVictor Castro
mLori Phillips mNich Wattanasin
mlsaac Kohane mWayne Chan
mKenneth Mandl mDavid Wang
mJoshua Mandel mAndrew Cagan
m Griffin Weber mBhaswati Ghosh
mPaul Avillach mRetta Metta
mChristopher Herrick mAdam Landman
mAlyssa Goodson mWillian Gordon

mMichael Mendis



.J' / i2| 2 A National Center for Biomedical Computing

/ Informatics for Integrating Biology & the Bedside

12b2, SHRINE, and SMART
Information and Software
on the Web

12b2 Homepage (https://www.i2b2.0rq)
12b2 Software (https://www.i2b2.org/software)
12b2 Community Site (https://community.i2b2.0rg)
SMART Platforms Homepage (http://smarthealthit.org)



https://www.i2b2.org/
https://www.i2b2.org/software
https://community.i2b2.org/
http://smartplatforms.org/

THANK YOU



