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Patient Centered Outcomes Research
Institute

[] Anindependent, non-profit health research organization authorized by the Patient
Protection and Affordable Care Act of 2010.

[[] PCORI funds patient-centered research to assist patients, caregivers, and other
stakeholders in making informed health decisions.

Mission
Vision
PCORI helps people make : - -
informed healthcare % N 4 Patients and the
decisions R ' y ' pUb“C have the
‘ information they need
to make decisions
that reflect their
desired health

that comes Y - outcomes.

from research guided by ' | = ' ; \

patients, caregivers, and

the broader healthcare
community.
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The National Network of Networks




Clinical Data Research Networks

The Clinical Data Research Networks {CDRMNs) will develop the capacity to conduct randomized
comparative effectiveness studies using data from clinical practice in a large, defined
population. These established or newly developed networks involve two or more healthcare
systems, with plans to function as integrated research network.

= C1l_Scalable Collaborative Infrastructure for a Learning Healthcare System (SCILHS)
Harvard University
s 2 Mid-South CDRN
Vanderbilt University
= C3_Patient-oriented SCAlable National Network for Effectiveness Research (pSCANNER)

University of California, San Diego (UCSD)
s C4_ GreatPlains Collaborative (GPC)
University of Kansas Medical Center

= C5_Kaiser Permanente & Strategic Partners Patient Outcomes Research To Advance
Learning (PORTAL) Network
Kaiser Foundation Research Institute
= C6_Louisiana CDRN (LACDRN)
Louisiana Public Health Institute (LPHI)
= (C7_MNational Pediatric Learning Health System (PEDSNet)
The Children’s Hospital of Philadelphia
= C8 New York City Clinical Data Research Network (NYC-CDRN)
Weill Medical College of Cornell University
= C89_Chicago Area Patient Centered Outcomes Research Network (CAPriCORN)
The Chicago Community Trust
= C10_Accelerating Data Value Across a National Community Health Center Network
(ADVANCE)
Oregon Community Health Information Metwork (OCHIN)
= Cl1_P2aTH: Towards a Learning Health System in the Mid-Atlantic Region
University of Pittsburgh




PPRNs represent a number of
conditions...

Size

Accelerated Cure Project for Multiple Robert McBurney Multiple Sclerosis 20,000
Sclerosis

Cincinnati Children's Hospital Medical Peter Margolis Pediatric Crohn's Disease and Ulcerative 15,000
Center Colitis

COPD Foundation Richard Mularski Chronic Obstructive Pulmonary Disease 50,000
Crohn’s and Colitis Foundation of R. Balfour Sartor Inflammatory Bowel Disease (Crohn’s 30,000
America disease and ulcerative colitis)

Global Healthy Living Foundation Seth Ginsberg Arthritis (rheumatoid arthritis, 50,000

spondyloarthritis), musculoskeletal
disorders (osteoporosis), and
inflammatory conditions (psoriasis)

Massachusetts General Hospital Andrew Major Depressive Disorder and Bipolar 50,000
Nierenberg Disorder

Univ of California, San Francisco Mark Pletcher Cardiovascular health 100,000

University of South Florida Rebecca Sutphen Hereditary Breast & Ovarian Cancer 17,000
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....including rare diseases

Organization Condition Population
Size

ALD Connect, Inc Florian Eichler ~ Adrenoleukodystrophy 3,000
Arbor Research Bruce Robinson  Primary Nephrotic Syndrome, Focal Segmental 1,250
Collaborative for Health Glomerulosclerosis, Minimal Change Disease, and

Membranous Nephropathy Multiple Sclerosis
Duke University Laura Schanberg Juvenile Rheumatic Disease 9,000
Epilepsy Foundation Janice Beulow  Aicardi Syndrome, Lennox-Gastaut Syndrome, 1,500

Phelan-McDermid Syndrome, Hypothalamic
Hamartoma, Dravet Syndrome, Tuberous Sclerosis

Genetic Alliance, Inc Sharon Terry Alstrom syndrome , Dyskeratosis congenital, 50- 50,000
Gaucher disease, Hepatitis, Inflammatory breast
cancer, Joubert syndrome, Klinefelter syndrome &
associated conditions, Psoriasis, Metachromatic
leukodystrophy, Pseudoxanthoma elasticum,

Immune Deficiency Kathleen Primary Immunodeficiency Diseases 1,250
Foundation Sullivan

Parent Project Muscular Holly Peay Duchenne and Becker muscular dystrophy 4,000
Dystrophy

Phelan-McDermid Megan O’Boyle  Phelan-McDermid Syndrome 737

Syndrome Foundation

University of Pennsylvania  Peter Merkel Vasculitis 500




Key Challenges

Governance of Data Types
Sustainability
Patient Privacy

Patient Engagement



The Plan

Common data platform (i2b2)
+

Federated queries across sites (SHRINE)

+

Point of care apps (SMART)
+

Patient-facing technologies (RedCap, SMART, +)




Key Challenges

 Governance of Data Types




Health Data

e Myriad types
— Labs, Meds, Diagnoses are dominant in EHRs
— Payors and some health systems have claims

— Patient Reported Outcomes are increasingly used
in clinical settings

— Text and notes

— Genomic, proteomic, medical device device, smart
phone social media data critical to some studies




. The Tapestry of Potentially High-Value Information Sources That May be Linked to an Individual for Use in Health Care

STRUCTURED DATA

UNMSTRUCTURED DATA

TYPES OF DATA T

Electronic Medicati Medicati Lentt
pill dispensers L |:|n|'E::rII:|-:|:I1 2] ln:tm::tluunl e
oTC Diaries
Medication Fadleatian Medication filled = Dose Route Allergies Herbal remedies
Alternative
EI Out-of-pocket ;
. MO RxMorm th
. E ) expenses crul.plcs
Demographics 'y HL?
Encounters .. | Employee sick days Visit type and time Chief complaint
Diagnoses . Death records SNOMED  ICD-9 Eefrersnial
Procedures ! S CPT Ico-g9
| PERSONAL TREATMENTS © ||ome  pathology,
Diagnostics (ordered) HEALTH MONITORS, histalogy i
| RECORDS TESTS LECG __ Radiology | I
Diagnostics {results) i ' Ljﬁ;"llasli”gﬁ' :
Genetics i PATIENTS : 23andMe.com SMPs, arrays i :
[ : LIKEME .COM : i : i
Social history i i Police records Tobacco/alcohol use i BLOGS §
Family history . T, estry.com _-: 1
Symptoms indirect from OTC purchases A i TWEETS
| . . ¥ CREDIT H i
Lifestyle ; Fitn r'.“ rl:]h m =M hrr-:l-.urrt._ . CARD ; .
I_.- L POECETY STOE QLGS . PURCHASES 4 I:: I:]U 1
Socioeconomic . i Census records, Fillow, LinkedIn — o F;'u:'ﬁmug ':

Social network

Facebook friends, Twitter hashtags

Environment

-

Climate, weather, public health databases,
HealthMap.org, GIS maps, EPA, phone GPS

Mews fesds

Examples of biomedical data

H:I Pharmacy data

] claims data

Probahilistic linkage to validate existing data or fill in missing data

Health care center (electronic
health recard) data

| ] Reqistry or clinical trial data

Data outside of health care system

Ability to link data to an individual
= Easier to link to individuals

m Harder to link to individuals

= Dnly aggregate data exists

Data gquantity

A
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PCORnNet

CDM vl

ENROLLMENT
PATID
DEMOGRAPHIC ENR START DATE DIAGNOSIS
PATID ENR_END DATE PATID
BIRTH_DATE CHART ENCOUNTERID
BIRTH_TIME —|  BASIS ENC _TYPE (replicated)
SEX ADMIT DATE (replicated)
HISPANIC PROVIDERID (replicated)
RACE DX
BIOBANK FLAG \ DX TYPE PROCEDURE
B \ DX _SOURCE PATID
ENCOUNTER PDX —_— ENCOUNTERID
ENC TYPE (replicated)

PATID VITAL ADMIT DATE (replicated)

ENCOUNTERID PROVIDERID (replicated)

ADMIT _DATE PATID X

ADMIT TIME ENCOUNTERID (optional)

DISCHARGE DATE
DISCHARGE_TIME
PROVIDERID
FACILITY LOCATION
ENC TYPE
FACILITY_ID

DISCHARGE DISPOSITION

DISCHARGE_STATUS
DRG

DRG_TYPE
ADMITTING SOURCE

HT
WT

DIASTOLIC
SYSTOLIC
BP_ POSITION

MEASURE DATE
MEASURE_TIME
VITAL SOURCE

ORIGINAL_BMI

PX_TYPE
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Fundamental basis

ENROLLAENT

PCORnDnet Common Data Model v3.0 Hawta 3.0

VITAL

VITALID

PATID
ENE. START DATE
EXF_END_DATE
CHART
ENE._BASIS

PATID
ENCOUNTERID (aptionsl)
MEASURE _DATE
MEASURE_TIME

VITAL SOURCE

PCOENET_TEIAL

DISFENSE_DATE
NDC
DISPEMSE_SUP
DIZPEMSE_AMT

DEATH

PATID

DEATH DATE
DEATH_DATE,_IMPUTE
DEATH_SOURCE
DEATH_MATCH_CONFIDENCE

DEATH CONDITION

RESULT NI

FESULT _MODIFIER.
RESULT UIT
WORM_FANGE_LOW
WORM_MODIFIER,_LOW
WORM RANGE HIGH
WORM_MCDIFIER, HIGH

PATID
TRIALID
PARTICIPANTID

TRIAL SITEID
TRIAL_ENROLL DATE
TRIAL_END DATE
TRIAL WITHDRAW DATE
TRIAL_DMVITE_CODE

Associations with
PCORnet clinical trials

HARWVEST

PATID
DEATH_CAUSE
DEATH_CAUSE_CODE
DEATH_CAUSE_TYPE
DEATH_CAUSE_SOURCE
DEATH_CAUSE_CONFIDEMCE

Data captured from processes
associated with healthcare delivery

Data captured within multiple
contexts: healthcare delivery,
registry activity,
or directly from patients

Data captured from healthcare delivery, direct encounter basis

HETWORKID
METWORE_HAME
DATAMARTID
DATAMART_NAME
DATAMART FLATFORM

£ _VERSION
DATAMART_CLAIMS
DATAMART EHR
EBIRTH_DATE_MOMT
ENR_START_DATE_MGMT
ENE_END DATE MGMT
ADMIT_DATE_MEMT
DISCHARGE_DATE MEMT
P_DATE_MGMT
RY_ORDER_DATE_ MEMT
RY_START_DATE 43T
RY_END DATE_MEMT
DISFEMEE_DWATE_MEMT
LAS_OBDER DATE_MOMT
SPECTMEN_DATE_WMEMT
RESULT_DATE_MSGMT
MEASURE_DATE_M@dT
OMEET_DATE_MEMT
REPORT_DWATE_MGMT
RESOLVE_DIATE MET
FRO_DATE_MaEIT
REFRESH_DEMOGRAFHIC_DATE
REFRESH_ENROLLMENT DATE
REFRESH_ENCOUMTER_DATE
REFRESH_DLAGNOAEIS DATE
REFRESH_PROCEDURES DATE
REFRESH_VITAL DATE
REFRESH_DISPENIDNG_DATE
REFRESH_LAE RESULT CM_DATE
REFRESH_CONDATION_DATE
REFRESH _PBO €M DATE
REFRESH_PRESCRIEDNG DATE
REFRESH_PCORNET_TRIAL DATE
REFRESH_DEATH_DATE
REFRESH_DEATH CAUSE_DATE

Process-related data

Beold font imdicates felds et cammot be mull dos to prizsary ke definitions or recopd-lewal comstraint.
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It is a rapidly evolving picture!

e [2b2 is desighed to support health-system-
wide data harmonization

e BD2K and beyond




1202

* Explicitly organizes and transforms person-
oriented clinical data for clinical and translational
research

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

e A portable and extensible application framework

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

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



https://www.i2b2.org/

12b2 is a Giant Data Sponge

Generally Represents Patient Data

[rnarems

= 5] PCORI Ontology

£ Ambiguous

£ Female

2] Male

21 No infermation
7] Other

1| Unknown

15
=5} Diagnosis
ol

riginal in the g
oNkegnan il
jom: S

Diseases and injuries
ﬁ Certain conditions originating in the perinatal period
E Complications of pregnancy, childbirth, and the puerperiu
ﬁ Congenital anomalies

E Diseases of the blood and blood-forming organs

ﬁ Diseases of the circulatory system

ﬁ Acute rheurnatic Fevver

E Cerebrovascular disease

,E] Acuke, but il-defined cerebrovascular disease

E Late effects of cerebrovascular disease /
ﬁ Occlusion and stenosis of precerebral arteps

K- : : .
. _ ' |

Navigate Terms " Find Terms

5] SHRINE Ontology
® [ Demographics
&) Diagnoses
=5} Lab Test Results

/5] Antibiotic Susceptibilities

 [51 Blood Bank

[ E Chemistry

e Q, Coagulation

[ Bacteria #farea UmS HPF
-0l Epithelial cells
-0l Enthrocytes
=l Leukocytes
D] WBC #/area UmnS HPF
=5 Mucus
15} Medications
‘D4 ANTIDOTES, DETERRENTS AND POISON CONTROL
D4 ANTIHISTAMINES
[ g ANTIMICROBIALS

IS AC

= }b BLOOD PRODUCTS/MODIFIERS/NVOLUME EXPANDERS

]

m

T
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i2b2 Star Schema

visit_dimension
patient_dimension PK | Encounter Num
PK | Patient Num 1\ observation_fact 1
. Start_Date
. PK | Patient_Num / —
Birth_Date o | PK [ Encounter_Num Enq_Date
Death_Date PK | Concept CD 00 Active_Status_CD
Vital_Status_CD PK | Observer_CD 00 Location_CD*
ggeaNu”C‘*D* o | PK | Start_Date \
R:gee(r:_D* PK | Modifier CD o ] observer_dimension
- N PK [lnstance 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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Concept dimension “look” ...

COMCERPT_PaTH CONCEPT _CD MAME_CHAR.
lizbZ\DiagnosesiMeurologic Disorders (320-339)Peripheral nerve disorde, ., ICD9:359,4 Toic ryopakhy
. hi2zb2\Diagnoses \Meurologic Disorders {320-3890Peripheral nerve disorde... ICD9:359.5 Myopathy in endocrine diseases ...
. lizbZ\DiagnosesiMeurologic Disorders (320-339)Peripheral nerve disorde, .. ICD9:359,6 Sympkomatic inflarmmatory myop. .,
. lizb2\Diagnoses\Meurologic Disorders {320-3890Peripheral nerve disorde,., IC09:359.3 Cther myopathies
. lizb2\DiagnosesiMeuralagic Disarders (320-339Y Peripheral nerve disorde,., ICD9:359,81 Critical illness nvopathy
. lizbZ\DiagnosesiMeurologic Disorders (320-339)\Peripheral nerve disorde, ..  IC09:359,89 Cther myopathies
. lizb2\Diagnoses\Meurologic Disorders {320-3890Peripheral nerve disorde... IC09:359.9 Myopathy, unspecified
. lizbZ\DiagnosesiMutritional deficiences (260-2690 (2607 Kiwashiorkor) ICD9: 260 Hypoproteinosis
. lizbZ\DiagnosesiMutritional deficiences (260-26900( 261 ) Mutritional maras.,, ICD9:261 Marasmus
. lizb2\Diagnoses\Mutritional deficiences (260-2690(262) Other severe pr...  ICD9:262 COther severe protein-calorie mal. ..
. lizbZ\DiagnosesiMutritional deficiences (260-2690(263) Other and unspe,.. ICD9:263 Cther and unspecified prokein-c. ..
. lizb2\Diagnoses\Mutritional deficiences (2e0-26901(263) Other and unspe... ICD9:263.0 Malnutrition of moderate degree
. lizb2\DiagnaosesiMutritional deficiences (260-2690(263) Other and unspe... ICD9:263.1 Malnutrition of mild degree
. lizbZ\DiagnosesiMutritional deficiences (260-26900(263) Other and unspe,.. ICD9:263,2 Cwearfismn, nukritional
. hizb2\Diagnoses |Mutritional deficiences (260-26904(263) Other and unspe... ICD9:263.8 Other prokein-calorie malnutrition
: lizbZ\DiagnosesiMutritional deficiences (260-26900(263) Other and unspe,.. ICD9:263,9 Pratein-calorie undernutrition
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Metadata Presentation

B %

® ravigate Terms 3 ‘: L ¥ | oF A

=- @ Diseases and injuries ;I
E Certain conditions originating in the perinatal period
ﬁ iComplications of pregnancy, childbirth, and the puerperiu

E Congenital anomalies
ﬁ Diseases of the blood and blood-forming organs
ﬁ Diseases of the circulakory syskem
- E Acuke rheumatic Fever o
EI E Cerebrovascular disease
e ,ﬁl ficuke, but ill-defined cerebrovascular disease
""" @ Intracerebral hemorrhage
ﬁ Lake effects of cerebrovascular disease
ﬁ 2cclusion and stenosis of precerebral arkeries
ﬁ Dechusion of cerebral arteries
ﬁ iOther and ill-defined cerebrovascular disease

ﬁ Jther and unspecified intracranial hemorrhage _Ij
k

...+.

Co

Diseases and injuries \ Diseases of the circulatory system \
Cerebrovascular disease \ Intracerebral hemorrhage
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Adapting i2b2 to PCORNet Data Model

1. Ontology-Driven Physical Transformation into
PCORNet Common Data Model with a
Generalizable approach to adapt to other
Common Data Models

RECEIVED 31 July 2015

Data interchange using i2b2 REVISED 26 October 2015
ACCEPTED 31 October 2015
J Am Med Inform Assoc 2016;0:1-8. doi: 10.1093/jamia/ocv188, Research and Applications
Jeffrey G Klann'23, Aaron Abend”, Vijay A Raghavan?, Kenneth D MandI?®, and
Shawn N Murphy' 42 AMIZ OXTORD

2. Implement a SHRINE adapter enabling
participation in a peer-to-peer network




Physical data transformations to
non-i2b2 formats ontology driven

i2b2 Query & Analysis Tool

lavigate Terms

@ PCORnet Demographics i

B /El PCORNet Diagnoses

B-@ PCORnet Encounters

[ Admitting Source

[l Diagnosis Related Group

El Discharge Disposition

= {3 Discharge Status

-] Absent without leave
5] Adult foster home

-] Against medical advice

-] Assisted living facility
Sl Esnicad

o
-] Hospice l_l
-] Mo inform
5] Nursin Es ICF)
-] Other
5] Other 3| ospital
-] Rehabil
-5 Reside
-] skilled
-] Stillin ho

12b2

workbench

m

[]--E Encounter Ty
5 Facility ID
[ Facility location
- (3] Provider

Gl PCORNet Enr
=

Transform Table

pcornet

T Bl Pl ] Ll i Srearas b e mar )
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New Information Model Ontology

/5 Clinical Trials

1@ Custom Metadata

1@ Demographics

@ Diagnoses

/0l Diagnoses (ICD10)
ﬁ Expression Profiles Data
ﬁ Laboratory Tests

ﬁ Medications

E PCORnet Core

E PCORnNet Demographics
l@ PCORnet Diagnoses
1@ PCORnet Encounters
1@ PCORnet Enroliment
E PCORnet Procedures
/51 PCORnet Vital Signs
ﬁ Procedures

ﬁ Providers

ﬁ Reports

scalable collaborative infrastructure



PCORI-centric Use Case

A requirement in SCILHS is that all i2b2 instances have to map their ontologies to a
central PCORI CDM ontology.

* Local codes need to be f 2
integrated into the SlusekEan., © | ©
PCORI hierarchy %Ezsgzshm

* Tools and strategies to : %E:j””r:fnr:
assist with this effort + IG5} Procedures

. [5] vital Signs




ICD-9 plain _code example

e If your institution uses ICD-9 but in a plain_code format...
— Change the c_basecode to match your code format.

PCORI_BASECODE C_BASECODE
ICD9:250.1 2501

update pcornet

set c_basecode = substring(pcori_basecode, 6, 25)
where pcori_basecode like 'ICD9:%'

and c_fullname like \PCORI\DIAGNOSIS\09\%';

update pcornet

set c_basecode = replace(c_basecode, '.!, ")
where pcori_basecode like 'ICD9:%'

and c_fullname like \PCORI\DIAGNOSIS\09\%';

é—\ scalable collaborative infrastructure




Why does SCILHS not just only use PCORNet
Common Data Model for All Queries??

e PCORNet CDM is a measured approach to
create a core dataset queryable by a central

authority

e Buti2b?2 is being used as a complete workflow
to support clinical trials in a peer-to-peer
network




Key Challenges

Governance of Data Types
Sustainability
Patient Privacy

Patient Engagement



SCILHS 11 Participating Sites
Phase Il: 10/1/15 -9/30/18

-

UC Davis n m “
DE}HID_IJH

| ONNECTICUT
Morehouse
3 ,
S BN U Texas HSC- Houston

\




Agreements/Policy =
Governance Agreement LG
— Executed March, 2016 9,-—\ )

Master Reliance Agreement
— Implemented June, 2015

Contracting & BAAs (MySCILHS IVR)

PCORNet Data Sharing Agreement v1
—6/11 signed

SCILHS DSA & DUA template (in progress)
Engagement Policy (in progress)




What is SCILHS?
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About the Network

Leveraging an informatics infrastructure that our investigators have developed aver the past 15 years, the Department of Biomedical Informatics at Harvard
Medical School is working across a growing number of healthcare centers throughout the U.5. to develop the Scalable Collaborative Infrastructure for a
Learning Health System (SCILHS, pronounced "skills™). An open-source platform, the system covers more than 10 million patients and enables clinician and
patient participation in research. As of this writing, a dozen clinical studies are underway that involve SCILHS.

SCILHS is also a Clinical Data Research Network (CORMN) in the Patient-Centered Qutcomes Research Institute's PCORnet, a national effort to instantiate a
‘network of networks’ that supports large-scale comparative effectiveness research. SCILHS uses Informatics for Integrating Biclagy and the Bedside (i2D2) as
its technical backbone and has adopted the PCORnet Common Data Model {COM) as its foundation for interoperable data exchange. SCILHS uses the Shared
Health Research Information Network (SHRINE) platform to enable live distributed querying across sites.

+ 10 i2b2 Sidecars + 1 SHRINE Hub to
connect them all scalable collaborative infrastructure




Feasibility / Clinical Study with no contact Information

Researcher requests
access to the SCILHS
Network and define
patient cohorts using
Shrine Web Client

o/

External
Researcher

Researcher requests data
from SCILHS sites using
Shrine Web Client

Local Site Admin reviews
and approves the query

Local Site Admin
generates data set file
and uploads it into an
AWS space

SCILHS Network

Shrine

Researcher accesses data
sets in AWS and performs
phenotype computation

W%

! °

[ Local ]4_ ..
12B2@Site o
. Local Site

Admin

scalable collaborative infrastructure




o AliE . 1 . . W, RSN

I ® O ® Ciscywssse panet x Isaae

« C [ ec2-52-41-13-166.us-wast-2.compute.amazonaws.com/schils-ssp/panel/indax e @

(&

m

H +

Guest

What is SCILHS?

Jum 2, 2018
r OHTARIO QUEBEC
scalable collaborative infrastructure
MINHESOTA e /“\L
®
SOUTH WISCONSIN L
DAKOTA
OREGON 1DAHD MlCHlf‘.M:', i
WYDMING 4 HEW Y|
Chicago ~ Slan
10WA a
MEBRASKA T
15 OHIO PENMN g
MEVADA United States INDIANA 5 Mew York
UTAH COLORADD W DEMN
an Fr‘?r ESE0 . KAMNSAS  wussouRl Vi
EENTUCRY INIA .
CALIFORNIA &
LG OKLAHOMA Tennessee s HORTH i
Lnsnggele-s ARIZONA ARKANSAS q;
I SOUTH
MEW MEXICO MISSISSIFRI N AROLINA +
b ALABA
San Diego - - \ TEXAS @ GEORGIA -
G | . LOUISTANA
oogie 51N i ™ Hevss Map data ©2015 Google, INEGI  Terms of Use | Report a map error
About the Network

Leveraging an informatics infrastructure that our investigators have developed over the past 15 years, the Department of Biomedical Informatics at Harvard
Maedical School is working across a growing number of healthcare centers throughout the U.S, to develop the Scalable Collaborative Infrastructure for a
Learning Health System (SCILHS, pronounced “skills"). An open-source platform, the system covers more than 10 million patients and enables clinician and
patient participation in research. As of this writing, a dozen clinical studies are underway that involve SCILHS.

SCILHS is also a Clinical Data Research Network (CDRN) in the Patient-Centered Outcomes Research Institute's PCORnet, a national effort to instantiate a

Copyright © 2006 SCILHS All rights resenved. Demo Version 0.1.5
oc2-52-41-13- 168, us-wosi-2_computo.amazonaws.com/schi ‘panalfindax
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SCHILS S5F Tutorial ®

+

Shrine tutorial

This page will guide you towards Shrine web client.

Any question? Please, contact info@scilhs.ong

ofmm

SHRINE Tutorial for Investigators SHRINE Tutorial

Shrine Tutorialfreminfor

0a:29 oa:a1 o
HD . vimeo

SHRIME « Tutorialfrominform

Copyright © 2016 SCILHS All rights resemved. Demo Version 0.1.5
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researcher

Mew Study Applying for a new study

Please, use the following form to apply to use the
SCILHS network. I you have any questions,; please
emall info@sciths.og:

Study Name

Fields marked with * are mandatory

Short Description

Lead Investigator
Full name (Last, First)

Institution Name

Department/Division

Title

HiH biosketch for the Lead investigator
Chogss Fee Mo file chosen

Submit

Copyright © 2016 SCILHS Al resepvied. Demo Version 0.1.5
13-166. ue-west- 2. ComPuUlo. amazonaws.com/. . JB127 1066- 1847-1 106-b6ba-Jo 1d05del 076
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{25 Data Source

cacy Primary Diggnos's Flag

| Certain conditsons originating in the perinatal perdod

Gongenital anomaies (

3 Digeases of the circlialory system
Diseases of the digestiva syslem . S e |

nhwdma;::nuﬁmmm D o oF :m dropa

Diseases of the nervous system and sense ogans 1 |

! Diseases of 1he skin and suBCUIBneoUS lssus = 8 tv//e/ee e EEEE T

! Endocrine, nuintional and meiabolic diseases, and immunity disorders

! Infectious and oarasite diseases

| Runuey | ciear | Piotuery | 26roups (] [Bew Semup | 1 |

| Provous Gusres | st 0 || Green Aess || ey Reper | Downiond Resuts -
U circuiEtorySystem 18-54 [8-17-2018] [researcher] Finished Query: “circulatorySystem 18-54" [29 secs]

circuanySystem 16-54 [6-17-2016] [researcner] Compute Time: 2.8 secs
circuiatorySystem 18-54 [6-17-2016] [researcher] - .
18-34-Disease@16:22:11 [6-16-2016] [researches] P;m (;:::I;i:o;g;::zn 1854
4 Oociuskon of e 16:12:53 [B-16-2016] [researchar] 3 3

3 Conginital anom@E@18:12:31 [6-16-2018) [restarchid] BCH “eirculatorySystem 18-54"

o ¥5-44-Chronicgl16:12:13 [6-16-2016] [resaarcher| Patient Count: - 43 patients

B 1B circutatorySystem 18:54 [6-16-2018] [researcher]

Copyright © 2016 SCILHS All rights reserved. Demo Version 0.1.5
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EASCHLS 557 LOS x

[ 8e2-52-41-13-166.us-west-2.compula.amazenaws.com/schils-ssp/panel/\ds/91271886-1847-1186-bEba-381 d05delaTs

|l Data Set Completion Status & Available Sites

Site Name File Submitted?
Uploaded Boston Childrens Hospital
17
Massachusetts General Hospital
Beth Israel Deaconess Medical Center
Boston Healthiet
WUniversity of California Dawvis
Grady Memarial Hospital
Brigham and Wemen's Hospital
Morehouse Scheol of Medicing
University of Texas Health Science Center at Houston
Wake Forest Integrated Health System

BJC Healthcare - Washington University 5t Louis

Partners Healthcare

Copyright © 2016 SCILHS All rights reserved. Demo Version 0.1.5
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® 0 ®  Ciscrs ssp Computatior % Isass
L C 1 8c2-52-41-13-166.us-wasl-2.computs. amazonaws.com/schils-ssp/panel/compute/9127 1886-1847-1 1a6-bEba-3e 1d05dete T8 e =
fe )
researcher
Edit Code View Plois  Session Bulld Debug  Tools  Help researcher (= | @
v -~ . r L7 Adding = & Project: (None) =
Blscriptre | ) Partmers-izhe.cov o |data x| | Panmers-i2b2-suney.cav o Ld= o | Environment  History —
4 Filter = [0 impon Dataser= | List= |
X PathentlD  Sex AgeinYears  Birthyear  Race Diseasesalthecirculatorysystem X [ T Global Envirenment = 1
1 1 Tes0d M 25 1985  hispanic ICDO448.92) . ICD9:448.9 Data
2 2 16409 F 2] 1985 Blagk  CDO458.9(1) 1cD9:458.9 Od #4 obs. of 66 vorigbles 1
3 3 Tes09 F 24 1985 blagk  KCDU58.9(2) 1CD9:458.9 O data A9 00+ 0 3 MarEeh Lax -
[ ] 3
4 4 les02 F 4 1985 black KCD9:427.9(2) IC09:427.9 woetof A& obsw of A vartdbies :
5 5 lesDd M 28 1981 asian KCD9:401.9(2) IC09:401.9
& B lesDd M 28 1981 asian CD9:401.9(1) A IC09:401.9
7 7 lesDd M 29 1981 asian ICD9:427.89 (2) 4 ICD9:427 .89
8 B les0d M 29 I9E1  asian KD3427.9(1) ./ ICD9:427.9
9 9 les0a M 29 1981 asian BCD9427.0 (0} ICD9:427.0 \
10 o lesd M 29 1981 asian KD9427.0(1} A ICD9:427.0 Files Plots  Packages Melp  Viewer e
11 1" Taana | M 41 NBRG aeian  MCTYGCATT T AW ! Irne-azz 1 8 e Ealler 0 Crotiadd | B sk I & Hore-
Showing 1 1o 11 of 59 entries Ml New = ! | Uplod | Delere Lo Rename art
4y Home
Console - =] = Mame Slze Modifled
Ll surveys
Type 'demo(}" for some demos, ‘help()’ for on-line help, or 3 i
: 21 scripe. 492 8 Jum 17, 2016, 5:08 AM
"help.starc()’ for an HTML browser interface to help. it ' e
Type 'al)’ to quit R. (— 3 '
| Partners-i2b2.csv B.1 KB Jun 15, 2016, 2:17 PM F
A =4 d. ‘Partners-i2bZ. 35
i ko <-read. csvl ' Partners [ <1V H | BCH-i2b2.csv BE.1 KB Jun 16, 2016, 1:38 PM
> View(daka) 29 _Rhistory 9.4 KB Jun 17, 2016, 5:11 AM
> library(ggplot2);
» gato <-read.csv(Portners-i2bZ.csv");
> data["icd”] «<-NA;
» dotesicd <- substr(datosDiseases.of.the.circulatory.systes, 1, 11J;
» dotaF <- subset(data, subset = data$icd Hin¥ c("ICDO:401.9 =, “ICD9:424.0 ", "I1C09:427.9 "));
» Fggplotfdataf, ces{x=Age.in.Years, filleicd)) + geom_histogroz(bimwidth=S);
> ggplot{dotaF, aes{xmAge.in.Years, fill=icd)) + gecm_density(alpha=.3);
> ggplot{dataF, ces{y=Age.in.Years, x=icd))+geom_point(shape=1, positionspesition_jitter(width=.05 height=.052) '
= == read.csv " Surveys/Partners-12b2-survey. €5v' )}
> View(d)
=
Copyright € 2018 SCILHS his reserved, Demo Version D
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BRIl W =W Y WS

i. ®  CschiLs sse computanar x Isans
(—

C [} ec2-52-41-13-166.us-wast-2.computs.amazenaws.com/schils-ssp/panal/compute/9127 1886-1847-1 106-b6ba-Je 1605 deteTs pird I

researcher
File Edin Code  View Plots Session Bulld Debug Tools Help researcher | = | (@

Q- - . # Cat -\ Addins* & Praject: (None) =

goplotdataF, ces{x=Age.in.Years, Fill=icd)) + geom_density(alpha=.3};
gaplotidataF, aes(y~Age.in.Years, x-icdll+geom_point(shope-1, position-position_jit

_|Partnersizb.asv ¢ (data ¥ || Pantmers-i2bd-survaygsv s (d @ —[7] | Environment  History =
Sourceon Save | O - —fun | 29 | S seurce - 4 [ 4 Impon Dataser= | ¥ List~

1 library(ggplot2l); T} Clobal Envirenment=
z <-read, csv( Partners-12b2.csv' )} Data
3 data["icd"] <-NA; 2 )
4 dotaSicd <- substri{dataiDiseases.of.the.circuletory.systen, 1, 113; '_‘d i sbd ot bsiantabtes s
5 dataF <- subset{data, subset = dataSicd ®ind c("ICD9:401.9 =, “ICD9:424.@ °, "IC0A:« Ddato 99 obs. of 9 vorigbles =
6 #ggplot(dotoF, ees(x=Age.in.Years, fillwicd)) + geom_histogrom{binwidth=5); 0 dataF 42 obs. of 9 variables |
T
&

Files  Plots WViewer

Packages  Help
) hew Folder | & | Upload | | Delete (o) Remare | 4GF More-

% Home

2:1 Mop Lewel) = R Script =

Consale =1 = MNams Size Modified

Type 'q()' o guit R. SUTEYS

D7 scriprr 4928 Jun 17, 2016, 9:08 AM
R

View(data) | Partnersi2b2.cov 6.1 KE Jun 15, 2016, 217 PM

library(ggplotZ); i i

data <-read.csv("Partners-12b2. csv' ) - Rebecay Sl e e L

datal"icd"] <-NA; ] Rhistory 9.4 KB Jum 17, 2016, 9:11 AM

datoSicd <- substr{dotolDiseases.of.the.circulatory.system, 1, 113);

datof <- subset(dota, subset = dataSicd ¥in¥ c("ICD9:401.9 =, “ICD9:424.0 ", “"ICD9:4

7.9 "%

Sggelot{dateF, ces(xe=Age.in.Tears, fill=icd)) + geom_histogras(bimwidtha5);

ggplot{detaF , ees{x=Age.in. Years, fili=icd)) + geom_density(alpha=.3);

goplot{dotaf, aesf{y=Age.in.Years, w=icd))+gecm_point(shape=1, positione=position_jite

riwldehe, 85, height=.857)

d <= read.csv({’surveys/Partners-i2b2-survey.csv');

View(d)

data <-roed, c5v("Partners-12b2, esv');

dato <-read. csv( Partners-i2b2. csv');

L T I T T )

Copyright © 2016 SCILHS A
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9 TR W s e .

i. ®  Siscuis 5P Computatiar

L o C [ ec2-52-41-13-166.us-west-2.compute.amazonaws.com/schils-ssp/panal/compute/9127 1686-1847-11e6-b6ba-Je 1 005defe7 8

researcher

File Edit Code View Plots Session Bulld Debug Tools Help

Qi-ice- A Gar v Addins -
7 seript.r s _| Partnars-i2ba.cov » C|data x| |Panners-i2b2-survey.csv o L= =[]
il sourceonSave O v [ “#Ren | (2% | % Source -
i2bZ.csv' )3

seases.of  the.clroulatory.system, 1, 113;

et = datoticd %in¥ c("IC09:401.9 =, TICDS:424.9 ", "ICD9:427.9 "));

n.Years, Till=icd)} + geom_histogram{binwidtha5);

LYears, Fill=icd)) + geom_densitylelpha=.3);

L.Years, x-icd))geon_point(shopes1, mttim—mitim.jttwrt«idm—.es.mtuht-.ﬂs))t'

@ ow AW R e

B:110 | (Top Lewel) * R Script =

Congale =]
> #ogplot(dataf, ces(x=Age.in.Years, fill=icd)) + geor_histogras{binmwidtn=5);

> gogplot(dotaF, ces(x=Age.in.Years, icd)) + peom_density(alpha=.33;

* gaplot(dotal, ces(y=Age.in.Years, x=icd)hgess_point(shapes=1, position-position_jite
er(widthe, 85, height=.050)

= d < reod, csv( ' surveys/Partners-(2B2-survey.osv' ),

> View(d)

> dota <-read.csv(Portners-iZb2.csv');

View(data)

library(gaplotd);

dato <-read. csv(“Portners-i2b2.esv');

dato[icd™] <-NA;

datasicd < substr(dotosDiseases.of.the. circulatory systes, 1, 113;

dotaF <- subset(data, subset = dato$icd ¥in¥ c(UICDG:401.9 =, “ICD9:424.9 °, "IC09:4
7.8

Aggplot(dataF, ces(x=Age.in.Years, fill=icd)) + geom_histograsCbinwidth=5);

> ggplotfdataF, ces(x=Age.in.Years, Fill=icd)) + geom_density(alpha=.33;

= ggwlotldotof, cesCy=Age.in.Years, xeicd)legecm_point(shape=l, positionspesiticn.jitt
er{width=, 05, height=. 8530

>

VRV WYY VY

Copyright € 2016 SCILHS A reserved

Environment  History
= B S Import Dataser= | §F
T Global Environment~
Data
Od
Jdata
O datafF

44 obs. of 66 variables
99 obs. of 9 variobles
4Z obs. of 9 variables

Files Plots  Packages Help  Viewer

= & Zoom | B Expon- | O

Age.in.Years

»

researcher | =
& Praject: (None) -

List=

“E- Publish

Demo Version 0.1
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-

3 SCHILS S5° Computatiar

C [} ec2-52-41-13-166.us-west-2.compute.amazenaws.com/schils-ssp/panal/compute/9127 1886-1847-11e6-bEba-Je1d05deta7 8

researcher

File Edit  Code View Plods  Session  Bulld Debug Tools  Help

Q- A Gar e Addins -
2 seript.r ) Partnersi2b2.cov » _|data ¥ || Pariners«i2b2:survey.csv » e == [T | Environment History
T SourceonSave G - L —tRun | Bk | | Source - o B Impon Dataser- |

1 7 Giobal Envirenmnent=
2 Adbi.csv'ly Data

3

4 segses.of . the.clirculatory.systes, 1, 117; Od

5 et = dataSicd ¥in¥ c("ICOS:401.9 =, "ICD9:424.0 ", "ICD9:427.9 ")); O data

& n.Years, Till=lcd)} + geom_histogram{bimwidth=5); 0 dataf

7 onYears, Fill=icd)) + geom_density(alpha=.3;

8 LYears, x-icd)):geon pointishape-1, position-position_jitterCwidth-.05,height=-.051)

o oy P zeom | B Expon- O

8110 | (Top Level) R Scrip =
Consale =
> #ggplot(datal, aes{x=Age.in.Years, fill=icd)) + geom_histogras{birwidthe=5);

= ggplot(dotaF, ces{x=Age.in.Years, fill=icd)) + gedm_density(alpha=.3);

» gaplot(dotal, aes(y=Age.in, Years, x=icd))+geor_point(shape=1, position=position_jick
er{widine 85, height=.05))

> d <~ read,csv( ' surveys/Partners-f2b2-survey. csv' )

> View(d)

> dato <-read.csv('Partners-i2b2.csv');
> View(data)

= library(goplot2);
>

>

»

dako <-read, civ("Partners- 1262, ¢av' ),

data["icd"] <-NA;

datadicd < substr{dotosDiseases.of .the. circulatory.system, 1, 11);
= dotaF <- subset(data, subset = dato$icd %in¥ c{UICDO:4B1.9 =, “ICD9:424.9 ", "ICD9:4
27.9 "%
» #ggplot{datal, aes{x=Age.in.Years, fill=icd)) + geom_histogras{bimwidthe5);

44 obs. of 66 variables
99 abs. of 9 varicbles
42 obs. of 3 variables

Files Plots Packages Help  Wiewer

,
¥

> pgplot{dataf, ces{x=Age.in.Years, Il=icd)) + gecm_density(alpha=.3);
= gaplot(dotaf, ces(y=Age.in.Yedrs, x=icd))+geom point(shape=1l, position-positicn_jitt
er{widthe. 85, height=.85))

>

Copyright © 2016 SCILHS All rights reserved

CI

researcher =
& Praject: (None) ~

List- 7

5 Publish

1cha:401.9
1€D9:424.0
1€D9:427.9
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Active SCILHS Studies

e Bariatric Surgery Obesity Demonstration Project
(Tavakkoli)

e Pediatric Antibiotic Obesity Demonstration Project
(Taveras)

e Suicide Prediction — Fuss Proposal (Smoller and Reis)

e Parkinson’s Clinical Trial — Data Recruitment
(Schwarzschild)

e INVESTED Clinical Trial (Solomon)
e RELIANCE Clinical Trial (Pending SSRC Review)

Represents all studies from Phase | and Il



SCILHS Studies Pending Funding Decision

e PCORnet Health System Demonstration
Project, Effectiveness of Case Management
Programs in ACOs (Metlay) - FUNDED

e Methods to collect longer-term PROs for
Trauma Registries (Haider)

* Population-Scale Predictive Modeling for
Suicide Risk (Reis)




Characteristics of Network

Patients in SCILHS

~ MSM
BCH 40, WashU
15%

15,856,539
patients!

B MSM B WashU M Grady ur mwWF EBMC EBIDMC EPHS EBCH




Key Challenges

Governance of Data Types
Sustainability
Patient Privacy

Patient Engagement



SHRINE and i2b2

* Rapid, real time query
e Increasingly complex queries possible

 PHI completely protected




Researchers formulate queries across hospitals

SHRINE

Project: SHRINE

User: Shawn Murphy

Find Patients | Message Log | Help | Logout

Navigate Terms || Find Terms ‘ T E =

EIE Diseases ofthe circulatory system =
ﬁ Acute rheumatic fever

ﬁ Cerebrovascular disease

ﬁ Chronic rheumatic heart disease
E:‘T_I Diseases of arteries, arterioles, a
Eﬁ Diseases of pulmonary circulatior
i E Acute pulmonary heart diseast
E| E Chronic pulmonary hear dise:

5 ,ﬂ] Chronic pulmonary embaoliz| =
,@ Chronic pulmonary heart di
,@ Kyphoscoliotic heart diseas
QI Other chronic pulmonary he

P ,EI Primary pulmonary hyperte|
{7l Other diseases of pulmonary ¢

[+ E:‘T_I Diseases ofveins and I].rmphatlcs

al... ommrbmmsivn Aic o sie s
| i | 3

B e

Cluery Mame: | Prima-18-34-Black@13:16:55

Group 1
Ocecurs = 0x Exu:lude Dates QOccurs = 0x Exclude Dates Occurs = 0x Exclude

Q F’rlmar],f pulmnnary hypertension ﬁ 18- 34],fears nld

,ﬁ] Black ar afrlcan american

one or m one or m one or £
maore of more of more of
these these these
| 1 | »
— (S]] o ]

== B5-Heigh-Weigh@09:21:06 [1-9-2015] [smurp

EE Weight@09:57:04 [1-9-2015] [smurphy]

; EE == B5-Heigh-Weigh@09:53:27 [1-8-2015] [smurp

Iﬂ Height-Weight@09:40:58 [1-9-2015] [smurphy] E|
18-34-Heigh-Weigh@13:44:36 [1-6-2015] [smurp

! Asian-Appendi@13:37:29 [1-6-2015] [smurphy] -

4| m | 3

CCHMC - 10 patients ar fewer

UT - 96 £3 patients

Partners HealthCare - 30 £3 patients
Wake - 15 +3 patients

BMC - 14 £3 patients

BCH - 125 +3 patients

Previous Queries | ERNEIRIN Guery siatus =
Height-Weighti@09:30:13 [1-9-2015] [smurphy] = Finished Query: "Prima-18-34-Black@13:16:55" [19.4 secs]

FINISHED [2.0 secs]
FINISHED [4.7 secs]
FINISHED [3.5 secs]
FINISHED [10.0 secs]
FINISHED [13.2 secs]
FINISHED [18.4 secs]

L
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SCILHS Clinical Data Research Network

pm—

@ artners HealthCare System

@Boston Children’s Hospital
® BIDMC

®Boston Health Net (BMC and
Community Health Centers)

S—

é—\ scalable collaborative infrastructure



Network is Peer-to-Peer

File Edit View History Bookmarks Tools Help

==

Partners Biobank Portal X[Shrine Web Client X\ +
= i L) | shrinepcoriappprod.dipr.partners.org/shrine-webclient/ [ Q Search ‘ ‘ﬁ‘ ﬂ’ E 4 | - e E E
SHRINE Project: SHRINE PCORI User: Shawn Murphy Find Patients | Message Log | Help | Network Help | | Logout
Navigate Terms || Find Terms ‘ <ol Query Tool ool
=5 SHRINE - Query Name: | Parkinson’s dis@01:23:57 |
H '@ D_emogrgphlc Treat all groups independently
EI--,@ Diagnosis
ﬁ Group 1
E Occurs = 0x F_xclude Dates Occurs > 0x Exclude || Dates Occurs = 0x Exclude
=HEl 1eD-9-cM
= Diseases and injuries [E Parkinson's disease

ﬁ Certain conditions ariginating in the perinatal pe
&7 Complications of pregnancy, childbirth, and the
ﬁ Congenital anomalies

ﬁ Diseases ofthe blood and blood-forming organ
E Diseases of the circulatory system

m

{51 Diseases ofthe digestive system one or n drop a
E Diseases of the genitourinary system | “t‘::"'e“f ‘e|'l"“
ﬁ Diseases ofthe musculoskeletal system and o — e on flere

=7 Diseases ofthe nervous system and sense org

[]--ﬁ Diseases of the ear and mastoid process

=-{F Disorders ofthe eye and adnexa 1 Group [ ][ ][ wew Group |[ = ][]

[ ﬁ Disorders ofthe peripheral nervous system

=5 ﬁ Hereditary and degenerative diseases ofthe i
!ﬁ»\menorhom cell disease =
&3] Cerebral degenerations usually manifesi BIDMC "Parkinson's dis@01:23:57" i
ﬁ Disorders of the autonomic nervous systh Fatient Count: - 5534 patients |
] Other cerebral degenerations . . . "
-3 Other diseases of spinal cord BMC "Parkinson’s dis@01:23:57 E
: . i Patient Count; - 3705 patients
ﬁ Other extrapyramidal disease and abnorr | &
i {5 Parkinson's disease UT "Parkinson's dis@01:23:57"
-l SDiHUCETTDBHEFdiSBESE i Patient Count; - 2950 patients

4 1L} I -

c I scalable collaborative infrastructure




5.12B2 CRC

Federated Query System _ Quen

(no changes)

4. Verify user,
adapt for =
local CRC :)ARTN,ES'
1. Certify CRC
investigator % broadoast Partners

Query

Responder

2. Compose Adapter

CHB Query CHB

PM Broadcaster
Aggregator

CHB
Responder
Adapter

CHB

Composer 7. Aggregate
Results

8. view
aggregated
results

BIDMC
Responder
Adapter

end
results to
aggregator

scalable collaborative infrastructure




Measuring Quality of Decisions About Treatment of Depression
ClinicalTrials.gov Identifier: NCT01152307

Eligibility

Ages Eligible for Study: 18 Years and older Genders Eligible for
Study: Both Accepts Healthy Volunteers: No

Inclusion Criteria:
Aged 18+

In the last 12 months, talked to a health care provider about
starting or stopping a treatment (prescription medicine for
depression or counseling)

Exclusion Criteria:

none




Strategy to Find Qualified Patients
for Clinical Trials

Qualified
Patients

Phenot

Chart Review

Jack London
JAMIA 2013;20:e2 e260-e266

Design-phase prediction of potential cancer clinical trial accrual
success using a research data mart

é—\ scalable collaborative infrastructure




Handling Clinical Trials in an i2b2-SHRINE Network
depends on Number of Patients found

Small # of Patients - The “raw” Patient Set is created

Site can proceed on their own after outputting the
“raw” Patient Set as a general file

Medium # of Patients - The Patient Set is refined at each site

Site reviews the patients with i2b2 Visualization tools
and outputs the refined Patient Set as a file

Large # of Patients - The Patient Set is computed at each site

Site validates phenotype of patients with i2b2 tools
and outputs the computed Patient Set as a file
( \ scalable collzborative infrastructure
CI




If a Small Number of Patients are Identified in
SHRINE Query

Small # of Patients - The “raw” Patient Set is created

Site can proceed on their own after outputting the
“raw” Patient Set as a general file

Medium # of Patients - The Patient Set is refined at each site

Site reviews the patients with i2b2 Visualization tools
and outputs the refined Patient Set as a file

Large # of Patients - The Patient Set is computed at each site

Site validates phenotype of patients with i2b2 tools
and outputs the computed Patient Set as a file
( \ scalable collzborative infrastructure
CI




Clinician Sensitivities in the Recruitment Step —
why the detailed data stays at the sites

e Control of Protected Health Information

— PHI remains at the hospitals when collected under
a waiver of consent

e Control of recruitment policies
e Patients as a scarce and valuable resource

— Revenue and scientific recognition are tied to
recruitment for clinical trails




Run Query Using SHRINE

Project: SHRIME

Query Name: | Prima-18-34-Black@13:16:55 |
ﬁ Cerebrovascular disease

ﬁ Chronic rheumatic heart disease
Dates Occurs = 0x Exclude || Dates Occurs = 0x Exclude || Dates Dccurs = 0x Exclude

ﬁ Diseases of atteries, arterioles, a

=[5 Diseases of pulmonary circulatior Treat Independently v dependently dependently
ﬁ Acute pulmonary heart diseas:
Elﬁ Chronic pulmonary hear dise:

----- 5] Chraonic pulmonary embolis =

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

Navigate Terms || Find Terms | T E =

E|Ef| Diseases ofthe circulatory system =
ﬁ Acute rheumatic fever

,ﬁ] Chronic pulmonary heart dil_|

----- Q] Kyphoscoliotic heart diseas

,ﬁ] Other chronic pulmonary he II.:I)EEO{EI' m 'zgf;{:f m :.gﬁeﬂ‘:f =
. -] Primary pulmanary hypertel I these these these
ﬁ Other diseases of pulmonary ¢
=3 Diseases ofveins and lymphatics « | L | »
G Linnrtnnciun dicnaen v
JA—— : = (S e srous ][> o]

Query Status

== BOEE &
EE Height-Weight@09:30:13 [1-9-2015] [smurphy] = Finished Query: "Prima-18-34-Black@13:16:55" [19.4 secs]

CCHMC - 10 patients or fewer
UT - 96 +£3 patients
Partners HealthCare - 30 +3 patients

FINISHED [2.0 secs]
FINISHED [4.7 secs]
FINISHED [3.5 secs]

-- == 85-Heigh-Weigh@09:21:06 [1-9-2015] [smurp
EE Weight@09:57:04 [1-9-2015] [smurphy]

EE == 85-Heigh-Weigh@09:53:27 [1-8-2015] [smurp
EE 18-34-Heigh-Weigh@13:44:36 [1-6-2015] [smurp
Eﬁ Asian-Appendi@13:37:29 [1-6-2015] [smurphy] -
' m | b

Height-Weight@09:40:58 [1-9-2015] [smurphy] |ﬂ

Wake - 15 £3 patients
BMC - 14 +3 patients
BCH - 125 +3 patients

FINISHED [10.0 secs]
FIMISHED [13.2 secs]
FINISHED [18.4 secs]

Q\ scalable collaborative infrastructure




Local Site Admin
starts up i2b2 workbench

‘ .: SHRINE Workbench for Shrineserver2001 Shrine Admin Status: € |i2b2 ‘
@ SHRINE Previous Queries 52 @ | &k = 7 O|[4 Query Tool 2 @ | 4k 4 = O

Search By Name
|Quer\-I MName: | B Analysis Types

:Conmining -

eCommans ID: | All Users - [ PATIENT COUINT XML

3 Gender patient breakdown
Heartbeat Query [04-18-2014] [heartbeat] [25871] : H R I N E rl(b h Vital Status patient breakdown
Heartbeat Query [04-18-2014] [heartbeat] [25870] wo e n C E'ETA Race patient breakdonn
Heartbeat Query [04-18-2014 ] [heartbeat] [25869] Age patient breakdonn
SHRINE Asthma Query @18:15:32 [04-18-2014] [w22 & TimeLine
Heartbeat Query [04-18-2014] [heartbeat] [253867] i
Male-Hyperte@18:12:37 [04-18-2014] [kz31][25868]
Heartbeat Query [04-18-2014] [heartbeat] [25365] ] 1 3
Heartbeat Query [04-18-2014] [heartbeat] [25864] i
Heartbeat Query [04-18-2014] [heartbeat] [25863]
Heartbeat Query [04-18-2014] [heartbeat] [258627]
[E Heartbeat Query [04-18-2014] [heartbeat][25861]
Heartbeat Query [04-18-2014] [heartbeat] [25360]
Male-Hyperte @17:41:30 [04-18-2014] [kz31][25859] &
Heartbeat Query [04-18-2014] [heartbeat] [25558]
Heartbeat Query [04-18-2014] [heartbeat] [25857]
Heartbeat Query [04-18-2014] [heartbeat] [25858]
breast cancer test long run query [04-18-2014] [prk2] [25854]!3 ] |Paﬁent{s) returned: |
[E Heartbeat Query [04-18-2014] [heartbeat][25855]
Heartbeat Query [04-18-2014] [heartbeat] [25853]
Heartbeat Query [04-18-2014] [heartbeat] [25852]

Query Timing

@ Treat all groups independen
(7) Selected groups occur in the
Ttems instance will be same

NIE 1 b

4 = 0

2 Copyright 2b2 contributors and others 2005-2013. All rights reserved. Build 00

Begin: |04-18-2014 13:20:01 -
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Local Site admin reviews query

#- SHRINE Workben:
File  Window Help

‘ .: SHRINE Workbench for Shrineserver2001

Shrine Admin Status: 4 |i2b2 ‘
& SHRINE Previous Queries 72 © | 4k ¢ T O/ 4 Query Tool 3 @ | &k =0
Search By Name
'Conmining = |Query MName: | B Analysis Types
eCommons ID: | All Users - Group 1 Ix] | Group 2 Jx ) | Group 3 |x] PATIENT COLINT XML
Dahes][ Occurs = 0x ][Exdude] [Dates][ Qceurs = 0x ][Exdude] [Dates][ Qceurs = 0x ][Bcdude] Gender patient breakdown
Heartbeat Query [04-18-2014] [heartbeat] [25871] Treat Independently Treat Independently Treat Independently Vital Status patient breakdown
Heartbeat Query [04-18-2014] [heartbeat] [25870]

Race patient breakdown
Age patient breakdown
(TimeLine

----- Eﬁ Heartbeat Query [04-18-2014] [heartbeat] [25869]

----- EE SHRINE Asthma Query @13:15:32 [04-18-2014] [nw22] @
----- [E Heartbeat Query [04-18-2014] [heartbeat] [25867]

- Male-Hyperte@18:12:37 [04-18-2014] [kz31][253566]
Heartbeat Query [04-18-2014] [heartbeat] [25365]
Heartbeat Query [04-18-2014] [heartbeat] [25564]
Heartbeat Query [04-18-2014
Heartbeat Query [04-18-2014] [heartbeat] [2586
- EE Heartbeat Query [04-18-2014] [heartbeat] [25861]

----- [E Heartbeat Query [04-18-2014] [heartbeat] [25860]

[ Male-Hyperte @17:41:30 [04-18-2014] [kz31][25853] %
- Heartbeat Query [04-18-2014] [heartbeat] [25558]
Heartbeat Query [04-18-2014] [heartbeat] [255857]
Heartbeat Query [04-18-2014] [heartbeat] [25856]

- breast cancer test long run query [04-18-2014] [prk2][25854] & | [7] Get Everyone | [
----- EE Heartbeat Query [04-18-2014] [heartbeat] [25855]

----- [E Heartbeat Query [04-18-2014] [heartbeat][25853]
----- Heartbeat Query [04-18-2014] [heartbeat] [25852]

Add
Group

4 UL 3

Query Timing

@ Treat all groups independen
() Selected groups oceur in thel
Ttems instance will be same

Dwrag terms from Navigates,
Find and Workplace into this group

el 4 T b

Run Query Above ] |Paﬁent{s) returned: |

& HRINE Query Motes 23

@

B ¢ o 0O

Begin: |04-18-2014 13:20:01
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Can output “raw” Patient Set

Zh2 Workbench J:-ml
t Window  Heip

= - e 51 @ Query Tool 12 4 Temporsl Query Tool @@ =1

)
w| 5o :
=T Qusary bame: Ciroulstory sy=ipa3:0%. 37 ® Anshysic
arch By Mame | I I _i I Patient set e -
Contaring 7| | = Group | 2|1 Growp 2 x| [ Group 3 LE] [ Encourer 2t B
||| {oates | Occurs 20x [ Exchude| Cotes| oOcows>ox [Exchsde]| Dates| ccomszox | Excoda

_ e | Jary category lj i Trask Indegerdectly. =] | Trest Indegendortly = Traat [rdegaraertly =| [ Gender patiert beeskdom

Dl Circudabowy yshem

Ciroulatory sysiD10:36223 [05-29-2013 ] [deea]

}- f Cineulatory sysii:36: 16 [05-29-2013 ) (dema)
fi=h PATIENT HIVE: 10M10:35:21 [05-25-2013 ] [dema]

1 [ Ciroulatory sys@10:30:11 [05-29-2013 ] [deren)

0 () Laborabory Ted@16:03:06 [05-23-2013 ] [dema]

@ (k) Laboratory Testd 16:02:41 [05-23-2013 ] [dema]

1 [ Proceduresip04:02:16 [05-23-2013 ] [demo]

I Previous ueries 5T _.Pmtﬁ-m &) g v 7
warch By Nama

|
Find I rMyCatmy El

'a-'- Cinoulabory $ys@03:09:37 [05-30-2013] [derma]
.r‘_J Remdts -uF Cﬂ:dd:bry Syl 0037

IS | OL164687 | -
| OnigsEsT |

BO00000001 [24 e |= bla-d-a
D000 [41 o M asian]
1000300007 [29 yio M aslan]

§ 1000000009 (21 vjo F hispar]
SOOOO0001 1 (80 yio F whits]
MOD0000012 [19 yio F bladk]

4 1000000013 [83 yjo F bisck]
JOO0O00014 [54 yio M white]
1000000016 [26 vio F indan]
JOO0OD001E [71 yio M indian]
1000000020 [52 yjo M black]
1000000023 [33 yjo M hispanic]
J000000CE4 [30 o M black]
1OOEH0002S 7 wio F hiscanic]

100791247 | OLIES4TE |

01164043 | 01612917 |

| 101805330 | 01800290 | I
| 102344360 | 01954309 | OUO0I003 | 2523
l:uzaqﬂaz 01954310 | | EREIS
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Handling Clinical Trials in an i2b2-SHRINE Network

Small # of Patients - The “raw” Patient Set is created

Site can proceed on their own after outputting the
“raw” Patient Set as a general file

Medium # of Patients - The Patient Set is refined at each site

Site reviews the patients with i2b2 Visualization tools
and outputs the refined Patient Set as a file

Large # of Patients - The Patient Set is computed at each site

Site validates phenotype of patients with i2b2 tools
and outputs the computed Patient Set as a file
( \ scalable collzborative infrastructure
CI




Or can go on to Review Patients in i2b2

File  Window Help

L

£ 1000000002 [44 yjo F white]
£ 1000000003 [41 yjo M asian]
£ 1000000004 [34 yjo M black]

£ 1000000005 [37 v/o F hispanic]
= 40ANANAN 1R [23 v in E hienanicl

£ 1000000001 [24 y/o F black] =

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

BN

-

L}

o Mavigate Term @ Find Terms &2 = O |4 Timeline View (. Analysis View (. Patient Mapping View(. CT Viewer 2 (2] | ] =0 .Workplace ) =0
@ | & o | Select Patients I Select Concepts | Hender Tabies | @ | hid
Search by Names | Search by Codes 1 SHARED
— Set # Patient Set Name £ Clinical Trial ‘Asthra’
reductaseinhibitors  ~ 1 Patient Set for "Asthma-Albuter@01:06:16" £ Maybe
. B no
’ Find ] [An'_l,r Category vl B vEs
[E] HMG-CoA reductase inhibitors E demo
ﬁ Atorvastatin
ﬁ Cerivastatin SMART Patient ID PSet £ Patient Mame Gender Race Date of Birth | Age | Obesity |Acute Myocardial., | HMG-Cod redug
[&l Fluvastatin 1985-11-17T... y V
ﬁ Lovastatin *% 1000000002 1+1 OO0, 100K F white  1986-08-29T.. 40 X v 4 X
ﬁ Lovastatin-niacin % 1000000003 1 0000, 00000 I asian  1968-03-07T.. 38 sz X X
ﬁ Pravastatin *% 1000000004 1 OO0, 100K M black  1976-08-13T.. 30 v v 4 v 4
ﬁ Rosuvastatin *% 1000000005 1 10000, 30000 F hispanic 1873-06-25T.. 33 ¥4 o o
E Simvastatin % 1000000008 1 OO0, 00K F black  1981-08-05T.. 25 « b ¢ «
*% 1000000007 1 000K, 300000 M asian  1981-07-10T... 25 ¥4 o X
@ Previous Queri [. Patient Sete 57 =5 ﬁ 1000000008 1 HOOK, JO000K M hispanic 1986-12-16T.. 20 « « «
: % 1000000009 1 30000, 10000 F hispanic 1989-01-11T.. 18 X v vy
Q| 5 o % 1000000010 1 HOOK, JO000K F hispanic 1976-11-23T... 30 X « X
Search By Name *% 1000000011 1 30000, 30000 F white  2043-10-19T.. 57 & X «
.Contz:ining - *% 1000000012 1 000K, 300000 F black  1991-03-29T.. 16 « ) ¢ «
; : : -, 1000000013 1 10000, 20c00¢ F black 2027-02-27T.. 80 X e v
fottALl = S 2% 1000000014 1 30000, 30000¢ M white  1956-05-22T.. 50 X v v
% 1000000015 1 K, HO00H M hispanic 1978-09-11T.. 28 v X v 4
=E E-qrati - 2% 1000000016 1 000K, 300000 F indian  1983-11-19T.. 23 o 4 o

CI
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Review Patients with SMART tools

®  i2b2 Workbench . =]
File  Window Help

(ﬁ Ll 2 hitp:/fsmanti2b2... O ~ B ¢
B SMART EMR View Patbent Humber: RIEeiei]
. Mavigate Term . Fi

’.ﬁ SMART i2b2 Demo Site (sm... *

=
=@
& Workplace &2 8
]

. o CBek an icon to add & new SMAET apy *
Patient 1000000001 = = i @ | &
Ny TO0DOM00 T Sex Waly i @ —
Search by Names B:n;‘}q:u 1985-12-16 ﬂ:n :nhl"-: ' &5 @ Eﬂ ' [ Q SHARED
earc| Ape: 26 years {current) Cargipc Rigk  Probiess Uit God Stating? EME View B Centies 5 Clinical Trial *Asthma’
nical trna ma
et
Setect View Medications Sovo Loyout || Raname || Delete View || = EE) B NO
Medications B ves
{51 HMG-CoA redudil oo piems Meds List % BP Centiles = E demo
Atorvastatin = #
B Lab Pasalts DRUG NAME START DATE END DATE

ﬁ Cerivastatin

ﬁ Fluvastatin Vital Signs b Cvar B0 mcgfinh aerosol with adapler 3 M 20020404 ﬁ.jz.@:.

Pharmaceulicals

ﬁ Lovastatin =
w Atrovent 18 megiinh serosel Boehnnger- E
ﬁ Lowvastatin-n Ingelhaim PNZOLEL. 200ZOTAT
ﬁ Pravastatin § Alrovent 18 meghnh asiasal Boshrngar- 20000404 200204
ﬁ Rosuvastatin o -
- : Alrgwend 18 meginh asrosol Boehringer- ¢ 2002-07-
ﬁ Simvastatin b iy 20020747 37
_ _ P Cutvate 0.005% oimment Giaxo Wellcome  2008-06-25 gEGE-DE-
. Previous Queri . Pa o
» Ebizprofien 200mg tablet Zenth Gokdline L & 2005-01- ¥
Phamaceuticals 20050102 o2 -
Search By Name I
Containing - cfdi:c,ﬂu‘ BT T . "
= ¢ i * FIRST SEEN LAST SEEH *
L LOL “Bad™ cholestessl % : 7 o L
,:: al pain, other specdied site, multiple 2000.04.23  2002-08.07
Cptre i Borme gh Wy Hgh
[SRie-|Patient Set for “Asthr ; oo b Abscess of lung with preumania (deordas) 19990720 2004-01-14
i b B 1000000001 [24 N )
1000000002 [44 Bl b Abscess of orbat 20030519 2003-05-19
1000000003 [41 b Acquired pes planus 20010320 20020315
1000000004 [34
1000000005 [37
B innnnnnnin [13 2001-11
ar Acube phanngis (disorder) 2001-11-09 o8 :
Be... |02-14-20140:45:29 i
. ek i 1 A AcLtE phanngitis (dEorder) 2001-11-20 201-11-
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Viw Paont wih SWART 70 |

B Patient Centric View

Num: 1000000001
Birth Date: 1985-11-17
Age: 26 years (current)

Select View -‘
Medications
Problems

Lab Results

Vital Signs

Notes

Clinical Trials

Patient 1000000001

B ES
5T & T =2l 1000000001
Click an icon to add a new SMART app 3 more
i e W % A @ A
Race: Black ‘\::l ;
Meds List CT Selector Problems List ~ Cardiac Risk Labs List

Clinical Trials
CT Selector

Your active clinical trial is currently set to:

Hi

istory
Load Previous Clinical Trial

Pilot Study of Pioglitazone for the Treatment of

Moderate to Severe Asthma in Obese Asthmatics

(v2)

Q

Specify
A New Clinical Trial

x

Save Layout Rename Delete View %
o~

<<

Drop & new patient
record here to load it.

>

CT Matcher x
-~
| 100% | Searched | Matched
Age
Demographics “ gﬁfjws%er 18 1| Age 26; Both
Both
.. actos;
RS 0 pioglitazone
asthma; .
Notes 0 wheezing | Hr:‘lleezmg
asthmatics .
Asthma,
unspecified
without
mention of
status
asthmaticus;
Asthma,
unspecified
asthma; type, with
Problems 0 wheezing; acute
obesity exacerbation;
Extrinsic B
asthma
without
status
asthmaticus; B
[ar XRT. 1.Y ___

|

A “Criteria Matcher” App to review the “list”
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Classify Patients

File  Window Help

=
@& Mavigate Term | @ Find Terms 52 = B | @ Timeline View (. Analysis View (.' Patient Mapping View(. CT Viewer &2 (2] | ¢ = O | 4@ workplace 2 =8 :
@ | & o | Select Patients I Select Concepts | Hender Tabies | @ | hid
Search by Mames | Search by c0d5| Q SHARED
— Set# Patient Set Name 5 Clinical Trial 'Asthma'
reductaseinhibitors  ~ 1 Patient Set for "Asthma-Albuter@0L:06:16" g Maybe
- NO
’ Find ] [Any Category Yl 5 vEs
[E] HMG-CoA reductase inhibitors [# 1000000001 [21 y|
ﬁ Atorvastatin Q demo
E Cerivastatin SMART Patient ID PSet & Patient Name Gender Race Date of Birth | Age | Obesity |Acute Myocardial.. | HMG-Cod redug
{3 Fluvastatin : ; ] 1985-11-17T... /
[l Lovastatin % 1000000002 1+1 10000, 10000¢ F white  1066-08-20T.. 40 X < X
ﬁ Lovastatin-niacin % 1000000003 1 0000, 00000 I asian  1968-03-07T.. 38 sz X X
& Pravastatin - 1000000004 1 100, 10000 M black 1076-08-13T.. 30 o v v
ﬁ Rosuvastatin % 1000000005 1 0000, 00000 F hispanic 1973-06-25T.. 33 sz Qf Q:f
& Simvastatin - 1000000006 1 100, 10000 F black 1081-08-05T.. 25 o e v
% 1000000007 1 10000€, 30000 M asian  1981-07-10T.. 25 & v X
@ Previous Queri [. Patient Sete 51 = 5 ﬁ 1000000008 1 KOO, X000 M hispanic 1986-12-16T.. 20 « v «
_ 5 1000000002 1 10000€, 30000 F hispanic 1989-01-11T.. 18 X v v
@ | 55 o % 1000000010 1 ¥0000(, J0000¢ F hispanic 1976-11-23T.. 30 X v X
Search By Name * 1000000011 1 006K, 000K F white  2049-10-19T... 57 o ) ¢ vy
[Gantaining -] % 1000000012 1 ¥0000(, J0000¢ F black 1991-03-29T.. 16 & X v
' : o 1000000013 1 1600, 30000 F black 2027-02-27T.. &0 X X «
3 1000000014 1 10000, 30090 M white  1956-05-22T.. 50 X v v
2% 1000000015 1 000G, 100006¢ M hispanic 1978-09-11T.. 28 v X v
R Ypati - 2 1000000016 1 30000, 36000¢ F indian 1983-11-19T.. 23 & ¥ v
; £ 1000000001 [24 y/o F black] [—] | m | 3

£ 1000000002 [44 y/o F white]
£ 1000000003 [41 yjo M asian]
£ 1000000004 [34 yjo M black]

1 1000000005 [37 v/fo F hispanic]
fe BT A0NANNANAA [33 win F hiznanicl

Be... |02-14-20140:45:29 < =
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Output the “refined” Patient Set

File Window Help

Search By Name

Containing =

1 1000000001 [24 y/o F black]

1 1000000002 [44 y/o F white]
1000000003 [41 y/o M asian]
1000000004 [34 y/o M black]
1000000005 [37 y/o F hispanic]

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

=
& Navigate Term | @ Find Terms 52 = B |4 ExcelPlugn 53 L2} | o ¢ o T O/ @ Workplace 2 =0 :
(=] | e TS ) @ | i
Search by Names |5ealch by Cudsl . Q ?HARED
— - Spreadsheet Exporter Plugin + (5 Clinca Trial‘Asthma!
reductase inhibitors - B
4 Maybe
’ Find ] ’Any e Yl 8 1000000010 [33
8 1000000039 [27
ﬁ HMG-CoA reductase inhibitors Set Patient Set Mame a [ NO
[ Atorvastatin £ 1000000007 [29
[l Cerivastatin £ 1000000017 [49
[ Fluvastatin 1000000018 [71
E Lovastatin g 1000000028 [41
E Lovastatin-niacin a | YES|
(5] Pravastatin £ 1000000001 [21 y/o
g E_osw::t:_t.n & 1000000004 [34 /o
rmvastatin £ 1000000008 [23 y/o
1000000005 [37 y/o
@ Previous Queri | @ Patient Sets 52 =g = 5 :
el %o
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Often Output to REDCap

File  Window Help

’ Find ] [Any Category Yl

[F] HMG-CoA reductase inhibitors

ﬁ Atorvastatin

[Al Cerivastatin

ﬁ Fluvastatin

[El Lovastatin

ﬁ Lovastatin-niacin

ﬁ Pravastatin

ﬁ Rosuvastatin

ﬁ Simvastatin
@ Previous Queri | @ Patient Sets 2 =0
@ | ik
Search By Name
Containing -

[ERE-Jratient Set for "Asthma-Albuter @01:06:16"
! & 1000000001 [24 y/o F black]
1 1000000002 [44 y/o F white]
1 1000000003 [41 y/o M asian]
o 1000000004 [34 y/o M black]
o 1000000005 [37 y/fo F hispanic]
10ANANNA1A [33 win E hisnanic]

\Any Category |

-

=
@& Mavigate Term | @ Find Terms 52 = O || 4 REDCap Plugin §3 @ | @ e = O|@ werkplace 32 =" :
(2] | e TS @ | i
Search by Mames | Search by Codes | &E D c . . (5] SHARED
- ap EXporter Plugln 4 [ Clinical Trial ‘Asthma’
reductase inhibitors - Rescarch Electronic Data Caplure 4 B Maybe

Set #

Patient Set Mame

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

BN

£ 1000000010 [33

& 1000000039 (27
4 5 NO

& 1000000007 [29

& 1000000017 [49

£ 1000000018 [71

& 1000000028 [41
4 |3 YES|
£ 1000000001 [21 y/o
£ 1000000004 [34 y/o
8
8

1000000008 [23 y/o

b B e 1000000005 [37 v/o

CI
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When Large numbers of patients found use
Machine Learning Approach

Small # of Patients - The “raw” Patient Set is created

Site can proceed on their own after outputting the
“raw” Patient Set

Medium # of Patients - The Patient Set is refined at each site

Site reviews the patients with i2b2 Visualization tools
and outputs the refined Patient Set

Large # of Patients - The Patient Set is computed at each site

Site validates phenotype of patients with i2b2 tools
and outputs the computed Patient Set
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* Treatment Response Prediction

* Genotyping, Biomarker Evaluation
Eﬂh-ﬂualiw COhE * Disease Risk Modeling
A

Elata Mai"u,
‘A

*
*
O’*
*
‘0
1

Validation Set

Step il
Applying the Algorithm

Step | 1 Step |l
Modeling Prediction Algorithm Evaluation




Creating Quality Data with Supervised Machine Learning

1. Create a gold standard training set. 3. Develop the classification algorithm. Using the data
analysis file and the training set from step 1, assess
the frequency of each variable. Remove variables
with low prevalence. Apply adaptive LASSO penalized
logistic regression to identify highly predictive
variables for the algorithm

# of selected features = 29

Standerdized Coeficent Esimete
o

2. Create a comprehensive list of features
(concepts/variables) that describe the
phenotype of interest

Conptraints on Madel Comgtosity

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

p yp ROC Curve
. = —
- -—-—-— =T T .= -~
wehrich - - -
ar heisos - ) Lo /_/'
P e ~
o = . -
= ’ o - -
2 g ’ (1] /_/
1 e diad Billing codes N -t T
. U ege o P
. ¢ 21 ; -Specificity -
I . -
Me Jesrnes v chine harged v -
o e 1500 P 0 Mehictbrms. i W g ] ~
rrrrrr b I L = . P
0.4 malspray 18 sy Do - -
Aciphus 30 g (26 ma e " 7
it . : P
—+ | S [ -
Erischuarge chispmosss: SRR —— = i /-/
ML hataotes asoflinun i -
-
b = = Note Level: Relaxed ALASSO, AUC = 0.931
e oA | Genatic = = s Patient Level: Logistio Roegr, AUG = 0823
T 7
0.0 oz o.a 06 o8 1.0

1_Spaciticir
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Key Challenges

e Patient Engagement




A full workflow from query to contact

Live Interviewer

A

Survey
Initial Contact / Consent D
including Opt-out @
Patient 0
Contact List -

&l

Email -
tl t
» m Opt In/Ou > S =
o ud
Patient or Guardian -
Postal Mall Call Center
I
@ 9 mySCILHS Contact Center y PCORnet
cCDM
Automated/Semi-Automated . -
. . Disease-specific
Interactive Voice Response Data Mart
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Clinic — Home

Point of

D 8 N~ WA

-Tablet * Smartphone 0

B § ™ A
Multichannel ——

Outreach
; Multichannel
5 Outreach
EHR Patient Reported Data, : Hireac
Care Delivery System Point of Care App Data :
* Medical Records Data SCILHS - = Mv.SCILHS
* Claims Patient == : y.
 Medications Cohort | Linkage for :
List Contact Data ‘
Query
Node
Other SCILHS Sites
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mySCILHS

SCILHS-originated
Patient Selection Query
L » SCILHS | |National
Patient
RN, PRO responses
Site i2b2 + SHRINE ‘
SPC't.LH? ;‘tf REDCap
IaDlen Ie Patient-Reported
(IDs only) Outcomes Survey Server
2
- Patient B. C8V .
% = Contact Info™|| File > mySCILHS
> = Research Subject
Management Platform
Site PHI Database
mySCILHS VM
mySCILHS Site
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Designing the App Store for Health

Bloodwork Cardiology Result

Patient info
John Doe
M 43 01/10/1961 RECEIVED:

ORDERED B

About this test

The NEW ENGLAND
JOURNAL o MEDICINE

Your results

CRP level test

No Small Change for the Health Information Economy

Kenneth D. Mandl, M.D., M.P.H., and |5aac 5. Kohane, M.0., Ph.D.

Total chalesterol level

technolo other
An esseni st lesson

1
, SYSHCM COMpOnents

ormar

'l‘?w economic stimulus package  of a flexi
signed by President Barack  structure thar fac v fie!
Obama on February 17 included H s that ided
2 §19 billion invesement in health

Desivabie

rare platform with a

How can
LOL “bad” cholesteral we best rake advanrage of this

nterface that allows

aeside Apple

i unprecedented  oppormnity W ¢ pol s a5
Jre— frem - - 2 i th care and stim- 3 C ¥ cha=  published
- he health information econe i software dev
HOL “good™ chosesterol 2 v Wl E i i Fare e g information rech- 2 p i
2 I . . caresys-  nologies on an ongoing basis. 1 10,000 appl 5
' ada o the effects of an  As we seek to design 2 system that ar mers can download and

there are

will constantly evolve and encour
Fnishing primary  age innovation, we can les-
care workforce needs the support  sons from large-scale information-  the system from the functios

Your risk '

Wosr risk would be lowered to
2%

0%

5

ReynaldsRish.org




o0 oy 0 Information is Beautiful

W IEED:]

18.12 Issue

David McCandless



State-of-the-Art ??7

3 3
SEND
® | ™© |
AN |
(b2t A e - J'
PATIENT NAME TAATIENT D ND - ‘|7 ~, TATT e
DOE. JOE _ e e e NOT GIVEN |COUECTEDS /11 /2010 NOT GIVEM
ACCESUDN N BETHDATE |GEMDER | BAMPLE ID MO OTHEA D NC: R 006711 /2010 09: 41
36504447 | 55 MALE NOT GIVEN i TS !90'0 : ‘ i
REMAENS s 30 STy TEAR NG Py SCAN . |MEPORTERDS | 0: OC
VEAMPLE REPORT, ND SAMPLE SENT [ om |
: S xT £ TR TN —
EST RESLULT ( « = DUT OF BANGE LTS PEFERENCE RANGE
Cardio CRF 0.4 mg/L

For Ages 2> 17 Years

CCRP mg/L Risk According to AMA/CDC Guidelines
1.0 Lower Relative Cardiovascular Risk
1.0-3.0 Average Relative Cardicvascular Risk
1-10. 0 Higher Relative Cardiovascular Risk,

Consider ro:q:t:ﬂg in 1 te 2 weeks to
gxclude a benign transient elevation
in the baseline CRP value secondary to
infection or inflammation,
>10. 0 Fersistent elevations upon retesting.
may be associated with infection and
inflammation
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Bellevue Medical Centre
lamar.d@
(603) 5

Bloodwork Cardlology Result VibleaLcenrse  ORDEREDBY: Dr. Francis Pulaski

ctamed.edu
5-54321 %1523

Patlent info
wave: John Doe coiiETED i
CENDER: M AGE 49 DOB: 01/10/1961 RECEIVED: 11

{2010, 10:40 am
2010, 1:03 pm

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

es“gﬂ 56 Your results
D &( 3 CRP level test your level of a specific protein in the blood linked ta Inflammation of blood vessels

NXC Low risk  Average Hlsln risk of cardiovascular discase
56 Total cholesterol level

&,
AV el
oYﬂD (cC e - -“

LDL “bad” cholesterol

--@-

Optimal Hear Borderline High \'ﬂy High
T Optimal high d

Low Normal

HDL “good” cholesterol @

Your risk You show an elevated risk of cardiovascular disease

Il you're a smaker with normal bl

Your risk would be lowered to
pressure, (130 mm/Hg) but family
of heart attac

A o =0 fore n ,“‘r"' 0 12% if your blood pressure were 120mm/Hg
+ ore-age 60 fom' o 0 10% if you quit smoking
both parents) your risk over 10 years Is 6% if you reduced cholesteral to 160me/DL

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

What now?

Diet & exercise- Quitting smoking- Ask your doctor Consider retesting
can improve your can decrease your about statins or other in 11c 2 weeks 1o
cholesterol levels heart disease risk medications that can exclude o temporary

by 50% or more lower cholesterol spike in blood levels

David McCandless & Stefanie Posavec for Wired Magazine // informationisb tiful.net
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1 SMART App in 3 SMART Systems
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Trial Eligibility

Trial Eligibility

[male] [ 430]y

| Boston, MA ]

rheumatoid arthritis + methotrexate

Intervention / Observation

 Biological (14)
Device (1)
Dietary Supplement (1)
# Drug (69)
Observational (14)
Other (4)
Procedure (1)
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Key Challenges

Governance of Data Types
Sustainability
Patient Privacy

Patient Engagement



The Plan

Common data platform (i2b2)
+

Federated queries across sites (SHRINE)

+

Point of care apps (SMART)
+

Patient-facing technologies (RedCap, SMART, +)




Tribute to...

m 12b2 Core Team

m Christopher Herrick
m Isaac Kohane

m Susanne Churchill
m Griffin Weber

m Paul Avillach

m Michael Mendis
m Lori Phillips

m Janice Donahoe
m Nich Wattanasin
m Wayne Chan

m David Wang

m Bill Wang

m Vivian Gainer

m Andrew Cagan

m SMART i2b2 Team

1 Nich Wattanasin
1 Kenneth Mandl
1 Joshua Mandel

m i2b2 — SHRINE Team

1 William Simons
[1 Douglas MacFadden

m tranSMART Team
1 Paul Avillach
[0 Michael McDuffy

m mySCILHS Team
] Marc Natter
[1 Isaac Pinol Catadau
[J Stanley Boykin




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

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

SHRINE at Harvard (http://shrine.catalyst.harvard.edu)
SHRINE Software:

(https://open.med.harvard.edu/display/SHRINE/Software)
SMART i2b2 Homepage (http://smarti2b2.org)

SMART Platforms Homepage (http://smartplatforms.org)

é\ scalable collaborative infrastructure



https://www.i2b2.org/
https://www.i2b2.org/software
http://community.i2b2.org/
https://community.i2b2.org/
http://shrine.catalyst.harvard.edu/
https://open.med.harvard.edu/display/SHRINE/Software
http://smarti2b2.org/
http://smartplatforms.org/

THANK YOU
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