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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
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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
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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”7
Douglas et al. —o—
Altshuler et al. T Odds ratio = 0.79 (0.72-0.86)
Mori et al. ——

All studies f o
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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 1.7 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
Machine Learning 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 Digital medicine is delivered into clinical care through Digital
Twin
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Data problems that make working with Electronic
Healthcare Data to conduct research difficult

m 1) There are significant risks of a data breach which will result
In very large fines and loss of confidence in the hospitals
where the breach occurred.

m 2) The data are not collected for research purposes, and
therefore the data can be poorly structured with significant
omissions, biases, and inaccuracies.
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Research Patient Data Registry (RPDR) at Mass General
Brigham to find patient cohorts and distribute data

Query construction in web tool

1) Queries for aggregate patient numbers S — ——
- Warehouse of in & outpatient clinical data De-
-6.7 mll_llon Mass General Brlgham patlentsf identified
- 2.6 billion diagnoses, medications, genomics,
: SO Data
procedures, laboratories, & physical findings
—— Warehouse

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

- Clinicians can construct complex queries 7731984
- Queries cannot identify individuals, internally £74902%X
can produce identifiers for (2)

Encrypted identifiers -

@
2) Returns detailed patient data EFFET—
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.




FINDING PATIENTS

Tools  Help

QUery Itms ; ; .. 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 C=ta Request Specimens I.Indersta

| Query Ites ~:|| yd Terms  Previous Queries Query Name: Query unde —

El-£5) Standard Qelry Ttems | GROUPS DO NOT HAVE TO OCCUR IN

E nter detail
emographics detail

Diagnosis

Diagnosis Related Groups

,f Labaratory tests

L5 Medications

,f Microbiology

o [ [ T T
(il e o

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

= - = 1 =
— p—

Totalcount:|  noresults to display |25

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

o —— —

&] Done D~ =" | & Local 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

@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

@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




—.

Theory of Kimball translated to Healthcare Data

emmse—Stalr SCheMamsss: Binary

concept_key patient_key
concept_text patient_id (encrypted)

search_hierarchy i sex I ree “»
) age
patient_key bi%th date
concept_ke race
deceased ]

end_date zIP
Encounter DIMENSION practitioner_key
L— encounter_key
encounter_key value_type

encounter_date
hospital_of_service

|_|_I

numeric_value
textual_value
abnormal_flag

Pract . DIMENSION
practitioner_key start

—_—
name search
service

|_|_I

22 =57
250 .04

|_|_I

Tl il el el sl

2600 milljon




a RPDR Detailed Data Request Wizard -- Web Page Dialog

RPDE DETAILED DATA REQUEST WIZARD
IJsing IRE#mgh-dem i K ) entified data ain dakta from the RPDR,
1D

Yol

Select protocol number(s)

Partners IRE (required): | mygh-dema-1 ;l

Title:  RPDR protocol - Demonstration IRE number For Dr. Murphy

Status: Active

Mewton Wellesley Hospital IRE: |NWH Demo 1 ;l

Title:  test
Status: Active

Spaulding Rehabilitation Hospital IRE: | ;I

Options for returned set of patients:

[ create a static set of patients from this query that can be used in other RPDR. queries

¥ Ferun the base query shown above to obtain a fresh set of patients

Help = Back STEP 3 Mext = Cancel




a RPDR Detailed Data Request Wizard -- Web Page Dialog

RPDE DETAILED DATA REQUEST WIZARD
IJsing IRE#mgh-demo-1 (found in the R Identified datab 1 obtain data from the RPDR
‘ou are logged inas Murphey, wn M. in waorkgroup Shawn Morphee, MD

Please select if you would like a HIPAA-defined (deidentified)
limited data set or an identified data set

What's a limited data set? |

" Limited Data Set
- The files that result from this request will be available in
a profected file share with no special encryption,

% Jdentified Data Set

......................

protected. In order to access the data, a password wilk
be provided.:

Help = Back STEP 8 Mext = Cancel




3 RPDR Detailed Data Request Wizard —- Web Page Dialog

RPDE DETAILED DATA REQUEST WIZARD
IJsing IRE#mgh-demo-1 (found in the RPDR Identified database) b
‘fou are logged in as Murphey

0 obtain data from the RPDR
Shawn M. in workgroup Shawn Furphee, 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 ahvwaws return a set of identified patient medical numbers)

@ Detail Data Items -
™ (2] Demographic Data

r [ Identifying Patient Information - not available For Limited Data Sets
[:l LIMR. {Longitudinal Medical Record)

D Medications, Diagnoses and Procedures

[:I Medications, Diagnoses and Procedures from Biling Data - only visiks where query criteria occur all in the same wisit
: akient Clinical Reporks- nob available For Limited Data Sets

----- ™ &) Cardiology Reports

----- r @ Discharge Summaries

----- ™ € Endascopy Reports

----- W &1 Microbiology Data

F@ Cperakive Mokes
""" I~ @ Pathology Reports
""" r @ Pulmonary Reparts

----- r @ Radiology Reports

r @ Transfusion Data, Blood Bank Data

Help = Back STEP 9 Mext = Cancel




Detailed data is gathered for
request and distributed

i Process IRB files ..

Envirohment Record Optionz  Help

File: |SNMU_E|225EIE‘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: []
IR Number{2000F000000 ] Ends

Process CountD owr:

Date from:lm /011800 Diate b |D1 /MA300

Primary U ser{snmi  Status Detail

Files to MGH Users: |F‘artners\snmU,Parlners\zzp,F‘artners\kcs3

Contact/Lab: (]

BwH Users: IPartners\kla‘l Partnershsnm0 Partnersikcs3

Demngraphics: (]

—Data Requested
Demographics [ fMedical Becord Humbers [

Encounter: (]

icrosoft Access - [MGH_Labs - Table]
File Edt Wisw Insert Format Records Took Window Help _18 5[‘

Output files placed
In special directory

Encounters [ Contact Information [~ Fadiology [~
Hematology [ FCP ™ Pathology [~ MRM: (]
Discharge Summaries W Immunalogy [~ LMR Mates
Medications v Operative Motes [~ LMR Problems [~ bleatelmns O
LMR Allergies [ LMA Medications [ Build Access Database v Acesss DB: [
Gruups.IBUN
Run | Close | Clear |

Data is gathered from RPDR
and other MGB sources

E-EHaeRy | ipe s o |e®|HiTa . (#anx Da- 0
Test Id__ | Test Description| Result | Result_Text [Abnormal_Flag/Reference_Uni[Reference_Range] |
| |SQXPTT Superstat APTT 298 sec 221351 =
| |SQ-FPTT APTT 328 sec 22.1-351
| |SQ-FPTT APTT 378 H sec 22.1-351
| |SQ-FPTT APTT 4B.4 H sec 22.1-351
| |SQ-FPTT APTT 431 MODERATELY |H sec 22.1-351
| [S0-PTT APTT 257 sec 22.1-351
| |S0-PTT APTT 237 s6c 221-351
| |S0-PTT APTT 254 s6c 221-351
| |S0-PTT APTT 247 s6c 221-351
| |S0-PTT APTT 240 s6c 221-351
| |S0-PTT APTT 247 s6c 221-351
| |SQ-XPTT Superstat APTT 313 s8C 22.1-351
| |S0-PTT APTT 3458 s6c 221-351
| |S0-PTT APTT 400 H s6c 221-351
| |S0-PTT APTT 450 H s6c 221-351
| |SQ-XPTT Superstat APTT 552 *** Mote: New n H s8C 22.1-351
| |SQ-FPTT APTT 336 sec 22.1-351
| |SQXPTT Superstat APTT 343 sec 221351
| |SQ-FPTT APTT 379 H sec 22.1-351
| |SQ-FPTT APTT 228 sec 22.1-341
| |SQ-FPTT APTT 374 H sec 22.1-341
| |SQ-FPTT APTT 372 SLT HEMOLYSH sec 22.1-341
| |SQ-FPTT APTT 351 H sec 22.1-341
| |SQ-FPTT APTT 3.4 MODERATE HEH sec 22.1-341 i
R [ s C ] = Tt e

|patasheet view

EEE

Files include Small Database




One year's usage of RPDR

4526 registered users, 1113 new in just
2019

834 teams/year gathering data for research
studies

4472 detailed patient data sets returned to
these teams in 2019, 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 Calculated over 4 years (FY15-FY19)
the total agreement amounts were
$2.27 Billion, making per year
consumption critically dependent on
RPDR $244 Million.

Usefulness of Detailed Data
106 Total Responses

Not Useful
15%

Critical
43%

Useful
42%
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Rapid investigation of QTc prolongation

Adjusted model+

m FDA warning 2011 for Celexa prolongatio  p-value
Anti-depressant n
Safety Announcement: SSRI
[8-24-2011] ”should no longer be used at Citalopram (Celexa) 2.85 0.004
doses greater than 40 mg per day because it Escitalopram (Lexapro) 3.80 <0.001
Fluoxetine (Prozac) 1.44 0.150

can cause abnormal changes in the electrical

activity of the heart” o
- - Other anti-depressants

m But, did NOT include Lexapro . i o000

(which is active ingredient of puproplr a1 o0

. Duloxetine 0.60 0.547

Celexa [S-enan’uomer]) Mirtazapine 146 0.145

. Nortriptyline 1.23 0.219

m Shown to be true with RPDR- Venlafaxine 115 0251
. . previously known prolonger

derived data set with >38,000 Methadone 532 <0001

1 Adjusted for age, gender, race, type of insurance,

EKGS Obta”']ed W|th|n 14 —_ 90 history of major depression, history of myocardial

. . . infarction and Charlson comorbidity score
day window after medication
Initiated Roy Perlis MD, MSc and team
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Relevant Cohorts of Patients are Gathered through
RPDR and Detailed Data Obtained

- Medication use by individual patients over time
- Patient EKG QTc values at various time points

Partners EMR 7
~a M Antidepressant / 38’39
Main Study Cohort
methadone patients prescribed
datamart : 1+ type of antidepressant or
241 308 U methadone with a follow-up EKG 14-90
7

days after prescription

Adult patients prescribed an
anti-depressant or methadone
and no prior history of

202,911
patients had no EKG

Torsade de pointes UiHe e xpo-Hie
window 467
EXCLUDED Paired Dose Cohort
(Table S1)

Patients prescribed
escalating doses of the
same antidepressant (or
methadone) with a
follow-up EKG for each
prescription

17



Mean QTc (ms)

Mean QTc (ms)

Results: QTc interval and medication use

" Selective serotonin reuptake inhibitor or methadone

et e

20
4 10 20t 30 40 60f 5 10t 20t 10 40 60 80 10 20 30 40 60 25 50 75 100 150 200 3 5 10 15 20 30 40 50
Citalopram Escitalopram Fluoxetine Paroxetine Sertraline Methadone
(mg)* (mg)* (mg) (mg) (mg) (mg)*
526 Other antidepressant or methadone
450
e § H /,4—&‘\
420
10 20 25 50t 75 100 75 100 150 200 300 20 30 60 7.5 15 30 45 10 20 25 30 50 75 25 37.5 50 75 150225 3 5 10 15 20 30 40 50
Amitriptyline Bupropion Duloxetine  Mirtazapine Nortriptyline Venlafaxine Methadone
(mg)* (mg)* (mg) (mg) (mg) (mg) (mg)*

* Dose a significant predictor of QTc in fully adjusted linear models at a=0.05
T QTc at specified dose is significantly different from that at prior dose in fully adjusted linear models at a=0.05

Mean (SD) corrected QT (QTc) interval recorded on electrocardiogram 14-90 days after prescription of antidepressant or

methadone, by drug dose

18



—.

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
Machine Learning 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 Digital medicine is delivered into clinical care through Digital
Twin
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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 distributed as open source

& C @& community.i2b2.org/wiki/

Home Documentation v Get Software v

i2b2 Community Wiki @

Quick Launch

Pages

* i2b2 Community Projects
* i2b2 Documentation
¥ i2b2 Software

* i2b2 Hive

* i2b2 Software Downloads Links

Recently updated

B i2b2 Documentation
updated Feb 07, 2020

B Welcome to the i2b2 Community
Wiki
updated Jan 02, 2020

B i2b2 Software
updated Jan 02, 2020

B i2b2 Software
updated Dec 27, 2019

B i2b2 Software Downloads Links
updated Dec 27, 2019

Show More

Community Projects

Dashboard

Community Events

‘Working Groups ~ Support ¥

Welcome to the i2b2 Community Wiki

* oHd @ :

* i2b2 is an open-source clinical data warehousing and analytics research platform used at over 250 locations worldwide. i2b2 enables sharing, integration, standardization, and
analysis of heterogenous data from healthcare and research.
e The i2b2 Community is a life-sciences-focused open-source, open-data community. This wiki is the central place for the i2b2 Community to communicate and share projects
with other users. Here you will find the latest information on the i2b2 Software, what others in the community are doing, and find resources to help answer any questions you

may have about the i2b2.

® 2b2 is part of the i2b2 tranSMART Foundation, which brings together an NIH-funded enterprise clinical research platform (i2b2) and pharma-developed software for
translational research studies (tranSMART).

rey v

[ web client

Documentation

Getting Started

« Installation Guide
* Upgrade Guide
« Videos and Tutorials

For Developers

Server-side Messaging
Server Architecture
Server-side Design
Web Client Design
Release Notes

For End Users

el [T i2b2 Optional Cell [T wiorkbenchiPug-in

[ crePlug-in

Project Workflow
Management Framework

Data
Repository

ontology
Management

Get Software

Software Version

i2b2 Core 1712
Server Source (December,

Code 2019)

i2b2 Core Data | 1.7.12

4 Download

Source Code (December,
2019)
i2b2 Web 1712
Client (December,
2019)
i2b2 1712

& Release Notes
Documentation | (December,

ma

o
i2b2 Hive

Older, unsupported add-ons are on the Archived Optional Components page.

Announcements

What's New in i2b2?

i2b2 Release 1.7.12 now available!

Easier i2b2 install

Redesigned FindTerms

REDCAP import to i2b2

ACT Ontology

Support for OKTA and NTLM2 User
Authentication

i2b2 Workbench download for Windows 64-bit
platform

« ...and much more!

Important links:

* i2b2 tranSMART Working Groups
* New Project: i2b2 on OMOP -




12b2 Software adapts through new plugins

- Dashboard - i252 Wiki - Windows

!. https fcommunity.i2b2.org/wiki/dashboard. actlnn - g -
File Edit \l’|ew Favorites Tools Help

i He & |
| ¢ Favorites B3 Dashboard - i2b2 Wiki L

@ i2b2 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 L
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 @ s
A project to make specimens available through i2b2 infrastructure, organized by Lynn Bry L4
@ 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 @ s
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

|| € Internet | Protected Mode: Off fy v H100% -




Genotype Data

[ Navigate Torms || IMRENCASM cvery Too | [ navigate Torms || [EZXT IRENCASI oo Tool | .

&[5} Biobank Consent Information €@ Query Name: | @[5l Biobank Consent Information € QueyName:[
&5} Biobank Demographics @ l /5] Biobank Demographlcs (7]
EJ rf-f Biobank Genomncs o LTI T L " Temporal Constraint: [

EDu_tu Occurgxtix Excludelg + |Dates| Occurs > 0x | Exclude H

- S ﬁ People with genomic data - 10097 reat independently v
l,@ﬂlobank Health Information Suweyﬁ P e T0097 € @3] Biobank Health Information Survey € =
!EBlobank Sample Types & I o ] @@ Biobank Sample Types © [’d dbSNP rs Identifier - 1009]
G4 Curated Disease Populations @ & /5] Curated Disease Populations ©
/5] Healthcare Data @ i dropa
: : ® [0} Healthcare Data @
[5] Healthy Populations (Controls) € : i term
@[5} Healthy Populations (Controls) @ on here

Search by Gene

Search by dbSNP rs Identifier

Use the gene name box to specify the variant for which to search. When you begin typing in the search 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 characters. box below, a selection list will appear after you type the first three numbers.
rs identifier*: rs1234
Gene Name*: APO| 512340033 | Cto G Iz
- rs12340033 [Cto G =l
APOA1 x Please note the zygo rs12340061 | Gto A i_},“o query for patients without a
Please note the zygo APOA1BP query for patients without particular variant (ho, T e e
a particular variant (f o0\ after you starttyping | 512340067 [Cto T on the left) to the alternate
(nucleotide on the "S rs12340088 | Tto G
Zygosity*: APOA4 Zygosity™ rs12340105 | Ato C
- APOAS rs12340107 | Gto T
onsequence:
sequ APOB rs12340117 |Gto A —
APOBEC1 rs12340120 | G to A lL""'"

APOBEC2 -

o ]|_coon |
APOBEC3A —_—
APOBEC3A_B _

APOBEC3B -

i rs12340129 | Ato G
rs12340149 |Gto A

. I

https://community.i2b2.org/wiki/display/IGD/Loading+Genomic+VCF+Files+into+i2b2
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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 _



LMM Enhanced interaction with Patient

Representation

» body part

City , h

v

travel ;2% ,

president litical
bushZCPOOG

obama 2009-2016
SR
government, _trump
obama2008

ign
emo

L i
v relative

5: Send response
back to user

university .
students P’°é8
obama 194

Knowledge
documents



Discharge Summary

/’ uterine atony during the current delivery?
II, . note: < note text >

BRIEF RESUME OF HOSPITAL
COURSE

31 yo GAP4 admitted in
active labor at 40+2 whs.
Progressed to SVD of liveborn
male infant. PP course
complicated by PPH, uterine
atony, and total EBL of
approx. 2 L. Her hemaorrhage
resolved with DEC and
placement of a Bakri balloon.
Post-operatively, .

-
Answer the following yes/no question. Does
the following discharge summary mention

Answer the following yes/no question. Does
the following discharge summary mention the

current delivery?
note: < note text =

I procedure curretage (DEC) during the
e
|

A

Extract the estimated bleod less (EBL) in
the following discharge summary. If you

can\'t find the answer, please respond
"unanswerable”.

note: < note text =

A

Additional Prompts

Medical conditions supported by description in chart

Model Outputs

Uterine atony
Uterine rupture

Placenta previa
Misoprostol

Carboprost

UX XXX

Dilation & curettage

Estimated blood loss 2 liters

Emily Alsentzer et al

Zero-shot Interpretable Phenotyping of Postpartum
Hemorrhage Using Large Language Models
medRxiv preprint doi:
https://doi.org/10.1101/2023.05.31.23290753
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Data Integration in Big Data Commons

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 »
\ e Natural Language Processing

Additional Data Genetic Data
S — B
Other[I)?etsearch
ala

— ™

— — | GWAS | Validated Phenotypes
Type Il Diabetes IBD

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

Rheumatoid Arthritis

Biobank Data

!

Research

DNA
Serum
Plasma

Recontact
Consent Status
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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,

28
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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



Automated Learning Algorithms enabled in RPDR
such as PheNorm Algorithm

J &m Med Inform Assoc. 2018 Jan 1,25(1):54-60. doi: 10.1093Jamia/ocx111.

Enabling phenotypic big data with PheNorm.
E]S Machine Learned Query Terms Yu §'2, Ma Y?, Gronsbell J*, Cai T%, Ananthakrishnan ANS, Gainer VS', Churchill SE®, Szolovits P®, Murphy SN 1%, Kohane 1S, Liao KP"', Cai T*.

=-#% Phenotypes (D)
|3 Cardiology / N ' \

|1j Gastroenterology 15- Phenotype Z: ——
- Hematology Lo |2 = log(1 +2) — @+ 10g (1 + Xuore) | 02 [res
/L) Metabolic diseases 0.5- [_Jeos . o1 [ lpos
Ehj Neurology 00-k ' ! I Stepi: Norrlrlwl Mlxture oo ! ! : )

. 0 2 4 6 ormalization 56 2

llj Ce.rebral aneurysm (1) Raw Feature Normalized Feature
|]j Epilepsy (EPIL) K / \ /
[{]I]j Insomnia (INSOM) |

- [#-I2) Intracranial hemorrhage (ICH)

. @5 Ischemic stroke (ISTR) l, |

Ilj Migraine headache (MHA) / \ / \
- #-22 Multiple sclerosis (MS) ° ;: e ;Z o :JZ l -

- B2 Obstructive sleep apnea (0SA) | ‘g .. g 05 g on _

- B Parkinson's disease (PD) 8o Zor- 2o

- [= Current or Past History of PI £ os- £ :2 2 2: l

- Oncology A N N y~2

B-13 Psychiatry Accuracy Improvement Step 2: Random
|1j Pulmonology & / KCorruptlon Denonsmg/
[~/ Rheumatology

-3 Urology



Machine Learned Phenotypes

Abdominal hernia

Acute bronchitis and
bronchiolitis

Acute pancreatitis
Alcoholism

Alzheimer's disease

Aortic aneurysm

Aplastic anemia

Atrial fibrillation
Atrioventricular block
Autism spectrum disorders
Basal cell carcinoma
Bipolar Disease

Bladder cancer

Brain cancer

Breast cancer

Cerebral aneurysm
Cholelithiasis

Chronic pancreatitis
Chronic sinusitis

Coronary atherosclerosis
Crohn's disease

Deep vein thrombosis
Depression

Diverticulosis and diverticulitis
Eating disorder

Epilepsy

Gastroesophageal reflux disease
Gout

Heart valve disorders

Hyperlipidemia
Hyperparathyroidism
Hypertension
Hypothyroidism
Insomnia

Intracranial hemorrhage
Ischemic stroke
Leukemia

Lung cancer

Melanoma

Migraine headache
Multiple sclerosis
Myocardial infarction
Neutropenia
Non-Hodgkin lymphoma
Obesity

Obsessive compulsive disorder
Obstructive sleep apnea
Ovarian cancer
Pancreatic cancer
Parkinson's disease
Peripheral vascular disease
Pneumonia

Polycystic ovaries
Prostate cancer
Pulmonary heart disease
Renal cancer

Renal failure
Schizophrenia

Substance addiction

Suicidal ideation

Suicide attempt or self-inflicted
injury

Thyroid cancer

Tobacco use disorder

Type 1 diabetes

Type 2 diabetes

Ulcerative colitis

Urinary calculus

Uterine cancer



Phenotype Automation: Phenotype Quality Dashboard

10

1

category

ONC

ONC

PSYCH

PSYCH

NEURO

CARDIO

NEURO

METAB

ONC

ONC

Gl

Computable
Phenotype Dashboard
PheWAS_code abbr

PheWAS:189.21 BLCA
PheWAS:204 LEUK
PheWAS:297.1 Sl
PheWAS:305.2 EATD
PheWAS:327.4 INSOM
PheWAS:452.2 DVT
PheWAS:817 CONC
PheWAS:250.1 TiDM
PheWAS:184.11 OVCA
PheWAS:182 UTCA
PheWAS:555.1 CcD

PheWAS_name
Bladder cancer
Leukemia
Suicidal ideation
Eating disorder
Insomnia

Deep vein
thrombosis

Concussion

Type 1 diabetes
Ovarian cancer
Uterine cancer

Crohn's disease

model
PheNorm_ICD
PheNorm_ICD
PheNorm_ICDNLP
PheNorm_ICDNLP

PheNorm_ICDNLP

PheNorm_ICDNLP

PheNorm_NLP
PheNorm_ICD
PheNorm_ICDNLP
PheNorm_ICD

PheNorm_mean

Phenotypes
ICD_PPV ICD_AUC
0.80 0.903
0.73 1.000
0.93 0.786
0.53 0.482
0.93 0.821
0.87 0.692
0.73 0.682
0.17 0.882
0.60 0.926
0.50 0.867
0.54 0.961

Methods About us

AUC PPV TPR

1000 1.00 042

1000 100 091

1000 1.00 043

1000 1.00 100

1000 1.00 050

1000 1.00 100

) [E-4% Phenotypes ™9

L.0f =) Cardiology

008 -5 Aortic aneurysm [A4)
-{C3) Atrial fibrillation (AFIB)

0.9¢ -{) Atrioventricular block (AVE)

-~ -{3) Coronary atherosderosis (CAD)
-{3) Deep vein thrombosis (DVT)

0.9¢ -{L3) Heart valve disorders (HVD)

-IC3) Hypertension (HTN)

-{C3) Myocardial infarction (MI)

-ICT) Peripheral vascular disease (PVD)
-{C3) Pulmonary heart disease (PHD)

—_— T - . B




High Quality Phenotypes for Research 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 ‘ ‘ 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 reatl Indeg 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

:
B oo o S ——
IS Depression (DEF) @ Show Query Status ‘ ‘ || Query Report ‘ ‘ Download Results ‘
-l Epilepsy (EPIL) €
5 Gout (coUT) @ o
5] 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"

33



ombined with Generative Al can produce

Digital Twin of Patient

EHR

Digital Twin — Abigail Test |

Genomics

loT

TEST ABIGAIL 106894405 (PHS)  04/011970(50y) F

RC: NIA

Search this patient @ rovinia

COVID STATUS MANAGEMENT

SAR PCR Height
SARS-COV-2 PCR. Weight

RISK FACTORS SEVERITY

ACE inhibitors Pulse Cefepime/ceftriax...

20180112 DR Orders Only
20130108 DR Telephone
20180103 DR Telephona
2017-1110 DR Orders Only
20171019 DR Orders Only
239 more

STUDIES ALL |

Steroids

20160831 DR Letter (Qut) NSAIDs
20160818 DR Letier(Ouf) coPD
20150731 DR Telephone

Diabetes

Transplant meds
Warfarin

No records found

Flu vaccine

Billing

Imaging

MICROBIOLOGY

20160727
0160727 MIC
2016-07-12

PATHOLOGY

No records found

Mo records found
ALLERGIES

2018-11-26  ALGY

MEDICATIONS

20200418 MED

20190810 MED

20180810 MED
20180411 MED
20151108 MED
2 more

ALLCX |~

SPUTUM
URINE
URINE

PEMICILLING
CURRENT |~

traZODone (DESYREL) 50 MG tablet
methy|phenidate HCI (RITALIN LA) ...
methylphenidate HCI (RITALIN) 10 .
phenylephrine (NEG-SYNEPHRIN
phenylephrine (NEO-SYNEPHRIN

Last updated: Jun 19, 2020 1

Hepatitis
1BD

HIVAIDS

Pneumonia

PVD
Valve Disease
VTVF

ndm@ns

Seizures

BtoH
rug Abuse

Noncompliance

NATA IIPNATFN - C1 ICK HERF TO IPNATF AGAIN

T Tl
S
Jil
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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
Machine Learning 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 Digital medicine is delivered into clinical care through Digital
Twin



12b2 Implementations
>250 across the USA and Internationally, some
llustrated below:

CALIFORNIA 3 - : 'y | RSOSSN
B " Y ‘ ° B 3 w i
"AN ' S
- w3 | — ¥

M ¢ "N
0s )
!

Vi °
San¥

1 \ Ag Py
: / ‘9"'“ ¢ NEW MEXICO

0 “Tucson

/\




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 . X Mass General Brigham

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] b2 ’?
[ = icitis@15:55:07 [1-28-2015] e UT - 3516 +3 patients FINISHED [26.8 secs]

et i i -

f

= a’/ I Columbia U. Medical Center and

University of California, Davis & 1 New York Presbyterian Hospital

Washington University in St. Louis Forest Baptist Medical Center

Morehouse/Grady/RCMI



Drive Pragmatic Clinical Studies

[ i2b2 Web Client

ot secure | i 'act.dipr.partners.org ullDemo/# ars.org, ullDemo/#
< C|O®N 2b2act.d /ACTFuUll Dy f# LR - | )/ACTFullD /# LAR - e |

izb2 Query & Analysis Tool Project ACT DevelopmentUser: Cronjob Service Find Patients | Analysis Tools 3 | Message Log | Help | Change Password | Logout T DevelopmentUser: Cronjob Service Find Patients | Analysis Tools B3 | Messag:

W Patient Data Analysis
E Cardiovascular agents - ify Data View Patients
=& central nervous system agents (] vitals [+ Medications [+ Labs
i {&l Analgesics. -
& Anorexiants @ 10164 F 65 WHITE Yes Ne I Weigh, Blood Pressure v I l Metoprolol, Spronolactone, Valsatan v l I Creatinine, Potassium, eGFR . I
Ant Isants =
Bl an jconvulsants @ 123104 F 63 WHITE Yes Ne
[A1 Antiemetic antivertign agents pewing & [P — ]
[&1 Antiparkinson agents @ 123192 M 64 WHITE Yes Ne
ﬁ General anesthetics ERVisits == ICU Visits == Floor Visits Clinic Visits ==
[&1 Miscelianeous central nervous system @ 124415 ] 62 | HISPANIC Yes Nc 14 2 56
agents =
= -
@ | 126673 o 76 WHITE Yes Ne OUOTAT DIMBNT DUDBMT OIAGHT OVAIAT OINZAT OWAIAT OVINT OIASAT OWAGHT OUVATAT OIABAT ODIASHT 0120MT
80 © 130702 M 81 WHITE Yes Ne Evente .
Echo
cronjob @ 130773 M ol loNKNown[[EITSInemet 20 000 Yes Ne o o
- (Shrine>Local)Parkins-Tobacco@11:52:14 [4-12-20) I LMR 691](15)
= ACTSHRINEConnectorQueryNetworklds Weight
— [Sinemet 25/100 - ight
& E patients List © | 139926 M 63 WHITE MR 83715 Yes Ne wa 0 2 20 10 400 40 S0 506 100
{8 180803
© | 151430 M 62 WHITE Yes Ne
8 24339 Blood Fressure
(mmbig)
susr7 158492 F 78 | wHITE Yes N View Al
91326
[Sinemet 25/100 - \ —
= t 160803 E 63 WHITE [t.",";?f;}ﬁ; Yes et Z =2 i ZERN LA L] i LA L =
View Al
(mirapex) - LMR
Fina BoEO e)
{ma) o 50 50
&7 Parkins-Tobacco@12:12:29 [4-12-2017] [eronjob] = @ 166129 M 62 WHITE [SIHLEJ;‘EDZJ‘;]?;S}EF Yes N View Al
& Parkins-Tobacco@12:10:33 [4-12-2017] [cronjob] sartan
) E Parkins-Tobacco@12:09:03 [4-12-2017] [cronjob] = 171704 M 62 WHITE Yes Nc img)
-F Fetus or newbor@12:14:33 [4-11-20171 [cronjob] View A}
& Parkins-Tobacco@11:59:18 [4-11-2017] [cronjob) W | 177762 M 74 WHITE [Bneme 25100 Yes Ne™
mL.F= Parkine-Tr 115824 [4.11-20171 [eraninhl 4 3 l Creatinine




RECOVER Study Data Harmonization

#y RECOVER

HOME WHAT IS LONG COVID? RESEARCH ¥ NEWS & EVENTS v ABOUT THE INITIATIVE ¥

RECOVER: Researching
COVID to Enhance Recovery

The National Institutes of Health (NIH) created the RECOVER Initiative to learn
about the long-term effects of COVID.

The goal of RECOVER is to rapidly improve our understanding of and ability to
predict, treat, and prevent PASC (post-acute sequelae of SARS-CoV-2), including
Long COVID.

LEARN MORE ABOUT LONG COVID \  > \

— — N

RECOVER https://recovercovid.org

Researching COVID to Enhance Recovery




Data harmonized within 12b2 star schema

Data Sources

Acute and Post-Acute
COVID-19 recovery
cohort trials & autopsy
cohort studies

Biospecimen data

EHR / FHIR data

Mobile & digital health
data platform

Other PASC-related
studies

5 RECOVER

Researc hing COVID to Enhance Recavery

i2b2 Format

Core i2b2 Data Index

-
<5

ETL and updating

UUID management

Ontology management - .

Payload management

T

Provenance management

Query Tool for Cohorts

Data
Resource
Core

Researcher Workspaces

-

Analytical Tools

Jupyter, R, SAS, etc.

Exporting data for analysis

Create Datasets

4

.

(L



Concepts in database available in harmonized
ontology

e Ontology-driven normalization of source data
u

REDCap

V. Castro, R.

Metta, B. Benoit, I = 3
ceal, FTerms L& | Find Patients

r} RECOV _ER i2b2 Query & Analysis Tool

AUtOpsy Q Ay category ~ @ Find Patients Owith Owith
REDCa p =[5} RECOVER Adult (2023.06)
V. Castro. R + [5] Enroliment and Consent Tracking
Met.taa; rg,en.oit 4+ [G] Medications drag a concept here to define inclus
Bi il ¢ + [5] Participant Surveys
25 < (5] Tier 1 Clinical Assessments
Specimens + [l Tier 2 Procedures
A Cagan P RECOVER Autopsy (2023.06)
Svendsen, et al. BECOVER Biospecimens
<+ 5] Adult
ENACT + &1 Autopsy
OMOP + &l Pediatric
) = [5} RECOVER Demographics
VM MorttsS. - + [5] Age at enrollment
Iswes:]vlaran, s 4[5 Enrollment protocol
Sensor < 5] Enrollment site )
+ |5l Sex at birth Name:
Data + 5} Vital status .
G. Weber, A. <& RECOVER EHR - Diagnoses ICD10-ICD9 (2023.08) ‘ Query Status
Cagan, et al. + & RECOVER EHR - Medications VA Classes (2023.08)

+ @ RECOVER Pediatric (2023.06)
< [51 RFNNVFR Padiatric Narsaiver (2122 NA)




New 12b2 Query Tool to be released:

i2b2 Query & Analysis Tool

Q Any Category ~

+ [ Diabetes meliitus-Disorders of parathyroid gland@10:15:45 [9-22-2023] [dem
+ [2 Query 8 - Timeline Notes [9-22-2023] [demo)
+ [ Operations on lymphatic system-Anti-infectives@8:21:45 [9-22-2023] [demo]
+ [@ Operations on lymphatic system-Anti-infectives@8:21:45 [9-22-2023] [demo]
+ [ Operations on lymphatic system@8:20:4 [9-22-2023] [demo]
< [ Principal Diagn@08:54:26 [9-22-2023] [demo]
+ [& Query 7 - Nested Concept in View [9-22-2023] [demo]
+ [ Query 6 - Nested Concept [9-22-2023] [demo]
+ [3 Query 5 -Capoten [9-22-2023] [demo]
<+ & (t) Query 4- Female-Age Temporal - Endocrine Hormones [9-22-2023] [demo]
+ [& Query 3 - Endocrine and Insulin [9-22-2023] [demo]
+ (2 Query 2 - Circulatory system with breakdowns [9-22-2023] [demo]
+ [3 Query 1 - Circulatory system [9-22-2023] [demo]
+ [ Diseases of the digestive system (k00-k-Diseases of the digestive system (kC
+ [& Diseases of the digestive system (k00-k-Diseases of the digestive system (kC
+ 3 Admit-Princ-Secon@13:28:28 [9-22-2023] [demo]
+ [& Digestive syste@05:36:20 [9-22-2023] [demo]
+ & mild dementia@10:53:51 [9-22-2023] [demo]
+ [& Certain-Disease@13:48:54 [9-22-2023] [demo]
+ & Livin- 18-Acute@20:29:26 [9-22-2023] [demo]
= [ Liv- 1-Pri-Acu@20:26:08 [9-22-2023] [demo]
4 [@ Results of Liv- 1-Pri-Acu@20:26:08 [9-22-2023] [demo] - FINISHED
+ [ L- - - -5-5-5-5-5-6-A@20:22:37 [9-22-2023] [demo)
+ (& Livin- 18--Acute@20:19:41 [9-22-2023] [demo]
+ & Livin- 18—Acute@20:18:47 [9-22-2023] [demo]
< f= Femal-Essen-Tvne @20:14:21 19-22-20231 [demal

Finished Query: (t) Query 4- Female-Age Temporal - Endocrine Hormones

Event 1 I
& Endocrine, nutritional and metabolic diseases (e00-e89)

or drag additional concepts

Set date range this entire panel

Event 2
& Hormones

or drag additional concepts

Set date range this entire panel =

Name: | (t) Query 4- Female-Age Temporal - Endocrine Hormones ‘ | Find Patients I CIearAII] ‘

Query Status 3

0.5 secs] View Report

Compute Time: 0.4 secs

https://i2b2transmart.org/2023-i2b2-symposium/2023-symposium-recordings-slides/



https://i2b2transmart.org/2023-i2b2-symposium/2023-symposium-recordings-slides/

Al returns response in i2b2 format

| want to find all patients with a diagnosis of acute respiratory infections who have also been prescribed
bronchodilators,

<query_definition>

User asks a guestion
i2b2 Query & Analysis Tool

<query_name>Acute respiratory i@19:45:36</query_name>

<query_timing>ANY</query_timing>

<specificity_scale>0</specificity_scale>

<panel>

<panel_number>1</panel_number>

| want to find all patients with a diagnosis of acute respiratory

<panel timing>ANY</panel timing>

<panel_accuracy_scale>100</panel_accuracy_scale>

<total_item occurrences>1</total item occurrences:
<item>
<hlevel>3</hlevel>

<item_name>Acute respiratory infections</item name>

. .
Result rendered in web client ’ oyp\ o7\ agucsas\Raspiestory eyatam (460-518)\heuse sesploatory Ladecsicma (H0-

i2b2 Query & Analysis Tool
Terms L Find Patients o <item_icon>FA</item_icon>
A Find Patients ~ @with Owithout Owhen X & <tooltip>Diagnoses \ Respiratory system \ Acute respiratory infections</tooltip>
&) ACT COVID-13 Acute upper resgiratory infections:

4[5} ACT Demographics.
ACT Diagnases ICO-5-CM
ACT Disgnoses ICO-10-CM
ACT Disgnoses ICD1G-ICDS
J ACT Laboratory Tests

ACT Laboratory Tests (Provisional) and @wih Owithoul  Owhen X & <date from/>
ACT Medications Alphabetical Medications -

ACT Medications VA Classes
ACT Procedures ICD-6-Proc

<class>ENC</class>

<constrain_by date>

</constrain_by date>

ACT Procsdures CPT-4 - 1w o i enkire par
ACT Procedures HOPCS - snoa for s anfire <item_is_synonym>false</item is
ACT Procedures ICD-10-PCS - o
- - - and @with Owithout Owhen ® ® /
- </item>
Workplace & Bronchodistors

</panel>
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AI-ENABLED QUERY BUILDER:
(1.LE. INSTRUCTION-TUNED POC)

i2b2 XML Query

Web
Ul

nmitchko/i2b2-querybuilder-34b-merged

i2b2 LLM POC Cell (@MGB)

Export Query Log (XML)

i2b2 API

D VAL

Inference

Sl LORA

Data Cleaning

Code Llama built on Llama 2,
trained on 5008 tokens of
code

TRAIN

Data Prep

TEST

VAL

Query Validation

Inference

Llama
(LLaMaZ2)

LORA

4-Bit Quant

nmitchko/i2b2-querybuilder-34b-merged

Training Sandbox (@Mitchko Labs)
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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
Machine Learning 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 Digital medicine is delivered into clinical care through Digital
Twin
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Congestive Heart Failure

m Affects 2% of the adult population

ema (excess

Iy e mRisk of death first year after
e\ diagnosis: 35%

Swelling in abdomen
(ascites)

m In patient hospital costs in 2011:
$10.5B which is a small fraction of all
heart failure related care
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Early Detection of Worsening or Improving

Anemia

Background and Methods
* Anemiais one of the strongest predictors of
morbidity and mortality in CHF.

= Increasing or decreasing HGB is a further strong
predictor, but there is no good way to determine

whether a patient’s HGB is on its way up or down
(Circulation. 2005;112:1121-1127)

Results and Conclusions
= A novel mathematical model of the RBC
lifecycle enables estimation of patient-specific
rates of RBC maturation and turnover from a
routine CBC.

Hemoglobin (pg)

Dynamic Model of the RBC

Lifecycle

Bone Marrow

—

I Q
P \ | *
y \ J | Reticulocytes (1

9 )) aayolz/

Volume (fL)

Applications
1. CHF patients most likely to have decreasing
HGB may benefit from altered treatment or
longer hospitalization to avoid readmission.

2. CHF patients most likely to have increasing HGB
may be responding well to treatment and benefit
from earlier discharge or maintenance of current

therapy.

Quantify Maturation and Clearance Rates

Bi.%%’?

%

- Hemoglobin

=<l

Volume
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Creatinine Prediction: Hypothetical Application

Creatinine

2 ‘ Treatment A
15 1 —TreatmentB

1 Reference Limit
0.5 Measured Results

0 | | I

0 1 2 3 4
Day

*Hypothetical analysis of creatinine times series where possible
treatments are introduced into the model

*The model hypothetically provide a future trajectory conditioned on each
treatment



Heart Failure Physiology Tool

Date of Birth:
MRN:

John Doe

Actions Under Consideration Predicted Events

January 1, 1940
1234567890

(With/Without Actians)

Prescribe 30mg / day HCT = remove Length of Stay: 1 days -> 0 days
Discharge Patient remove 30 Day Readmission:  30% -> 50%
Add Action
v
Longitudinal Data curent 2year Syear 10year [ifetime custom
admission Ty
2018 2018 of Intervention
jan feb mar apr may jun Jul aug s6p oct nav dec jan feb mar apr may jun
ED Visits . L] [ ]
Admissions — | 4—|—|—|
Patient
Rank
! /\\ n ]
Creatinine por \ . 1. mgrdi
89 set thiesholds = \ ]
A— —l gy e | e — [ *—o—* g
L e
. e o %
0, Saturation R N ol o
set thiesholds : Bt %
LE ]
Heart Rate 1L0BPM
~ —+—o ——— 7 BPM
] e ** * 1 1|1
RBC - e T 105 gidl
65 | setthmanciss B ) o . ; °
P, —w - | 8o
Notas |

Add Data Stream

Population Based
Predictive Analytics
to Support
Improved Decision
Making

Exploring
Integration of
MGH Path renal
predictive model
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Bringing Big Data into Clinical Care with
Open App Development

Analytic
Calculation
Engine

- DATA
e _ Genelnsight,
= Epic Data mHealth, ePath,
ol — N erepOSltOfyr_ Medical Images,
=l 7N —— m— 25 years of
SMART Aflp enfbedded in Epic Legacy electronic
data, and Other
C— External Systems
Core
__| Integration FHIR interface for real time
Anhaalxtécs e updates Laboratory
. Personnel
direct — DT e
accessto ) == R 2
repository — V\‘_.
Non-EHR J
SMART Users View ,‘i
App in Standalone
Lab App
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Transforming Care in the Digital Age

Digital and loT

cost multiplicity
1. for (i =1; i< al.length; i++ ) a n+1
1131 o n
1.2. while ( a1fi] != a2[3] ) o 3
if ( j 2 al.length) c i(/ n
. return false & 0
c i(/-l)
1.3 tmp = a2[4] o n
1.4. a2[j] = a2i) @ n
1.5. a2(i] = tmp o n
2. return true 9 1

E, N Digital Twin of patient enables
continuous assessment of

o 9 L4
o D @ =
® D - L J Ble Edit Eyent Fter ook Qpfions Help
e D > FW | ABE TA® @ #5 HEiv@E
® o ® PID Cpesaion Faih
- ® e = | =)
Crogetie o' appiicabon exe idder Program exe
i 4584 ShOueryBancinomationFle  C \temp'appication sxe FiddenProgam sxe
4584 B CoeeFie C\¢mp'\apphcation exe iddenProgram sxe
455 A Crmaie =
Shawing 138 of 261,563 events (0.0%) Backed by page file

Model dramatically increases F




MGB Data Enclave Overview

Network Boundary of MGB Data Enclave

Investigator

R

a Investigator-
Specific
Calculations

OO

Investigator-
Specific
Calculations

DIGITAL TWIN

Unstructured Data
S Hub

Indexed VCF

o Digital Twin R
L P L .
O L::wggiage B Genomics Data Hub
AAd ITM
Clinical Data Hub s
— — Indexed
N— A E— b Quantitative
[ 1 et Imaging
Epic ( ) 2
N — " f l_ Image Data Hub
l |
N— A
12b2 VocabUIary Indexed eCRF
Harmonization Clinical Trial
Data
N — e I

Clinical Trial Data
Hub




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

/ Informatics for Integrating Biology & the Bedside

12b2 tranSMART Software

12b2 Homepage (https://www.i2b2.0rQ)
12b2 Software (https://www.i2b2.org/software)
12b2 Community Site (https://community.i2b2.0rg)

https://i2b2transmart.org/2023-i2b2-symposium/2023-
symposium-recordings-slides/



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