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 An independent, 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 
 

PCORI helps people make 
informed healthcare 

decisions and improves 
healthcare delivery and 
outcomes by producing 

and promoting high 
integrity, evidence-based 
information that comes 

from research guided by 
patients, caregivers, and 
the broader healthcare 

community. 

Vision 

Patients and the 
public have the 

information they need 
to make decisions 

that reflect their 
desired health 

outcomes. 



The National Network of Networks 



i2b2 

i2b2 
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i2b2 



PPRNs represent a number of 
conditions…  

Organization PI Condition Population  
Size 

Accelerated Cure Project for Multiple 
Sclerosis 

Robert McBurney Multiple Sclerosis 20,000 

Cincinnati Children's Hospital Medical 
Center 

Peter Margolis Pediatric Crohn's Disease and Ulcerative 
Colitis 

15,000 

COPD Foundation Richard Mularski Chronic Obstructive Pulmonary Disease 50,000 

Crohn’s and Colitis Foundation of 
America  

R. Balfour Sartor Inflammatory Bowel Disease (Crohn’s 
disease and ulcerative colitis) 

30,000 

Global Healthy Living Foundation Seth Ginsberg Arthritis (rheumatoid arthritis, 
spondyloarthritis), musculoskeletal 
disorders (osteoporosis), and 
inflammatory conditions (psoriasis) 

50,000 

Massachusetts General Hospital Andrew 
Nierenberg 

Major Depressive Disorder and Bipolar 
Disorder 

50,000 

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 PI Condition Population  

Size 

ALD Connect, Inc Florian Eichler Adrenoleukodystrophy 3,000 

Arbor Research 
Collaborative for Health 

Bruce Robinson Primary Nephrotic Syndrome, Focal Segmental 
Glomerulosclerosis, Minimal Change Disease, and 
Membranous Nephropathy Multiple Sclerosis 

1,250 

Duke University Laura Schanberg Juvenile Rheumatic Disease 9,000 

Epilepsy Foundation Janice Beulow Aicardi Syndrome, Lennox-Gastaut Syndrome, 
Phelan-McDermid Syndrome, Hypothalamic 
Hamartoma, Dravet Syndrome, Tuberous Sclerosis 

1,500 

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

50- 50,000 

Immune Deficiency 
Foundation 

Kathleen 
Sullivan 

Primary Immunodeficiency Diseases 1,250 

Parent Project Muscular 
Dystrophy 

Holly Peay Duchenne and Becker muscular dystrophy 4,000 

Phelan-McDermid 
Syndrome Foundation 

Megan O’Boyle Phelan-McDermid Syndrome 737 

University of Pennsylvania Peter Merkel Vasculitis 500  
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Key Challenges 

• Governance of Data Types 
• Sustainability 
• Patient Privacy 
• Patient Engagement 
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Common data platform (i2b2) 
+ 

Federated queries across sites (SHRINE) 
+ 

Point of care apps (SMART) 
+  

Patient-facing technologies (RedCap, SMART, +) 

The Plan 



Key Challenges 

• Governance of Data Types 
• Sustainability 
• Patient Privacy 
• Patient Engagement 
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Health Data 

• 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 

 



ie 

er,  Mandl, 
ne JAMA 2014  



PCORnet CDM v1 





It is a rapidly evolving picture! 

• I2b2 is designed to support health-system-
wide data harmonization 

• BD2K and beyond 



i2b2 
• Explicitly organizes and transforms person-

oriented clinical data for clinical and translational 
research 
– Allows integration of clinical data, trials data, and 

genotypic data 
• 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/


[Other] 

I2b2 is a Giant Data Sponge 

Generally Represents Patient Data 

PCOR CDM NCATS ACT 



i2b2 Star Schema 

observation_fact

PK Patient_Num
PK Encounter_Num
PK Concept_CD
PK Observer_CD
PK Start_Date
PK Modifier_CD
PK Instance_Num

 End_Date
 ValType_CD
 TVal_Char
 NVal_Num
 ValueFlag_CD
 Observation_Blob

visit_dimension

PK Encounter_Num

 Start_Date
 End_Date
 Active_Status_CD
 Location_CD*

patient_dimension

PK Patient_Num

 Birth_Date
 Death_Date
 Vital_Status_CD
 Age_Num*
 Gender_CD*
 Race_CD*
 Ethnicity_CD*

concept_dimension

PK Concept_Path

 Concept_CD
 Name_Char

observer_dimension

PK Observer_Path

 Observer_CD
 Name_Char

1

∞

∞

∞
∞

∞

∞
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modifier_dimension

PK Modifier_Path

 Modifier_CD
 Name_Char

∞

∞



Concept_dimension “look” … 



Metadata Presentation 

Diseases and injuries \ Diseases of the circulatory system \        
 Cerebrovascular disease \ Intracerebral hemorrhage 



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 

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



 

Physical data transformations to 
non-i2b2 formats ontology driven 



New Information Model Ontology 

Consensus Ontology 
can live alongside 
other ontologies  

 
(For example: 
PCORNet CDM 
ontology and the i2b2 
demo ontology in this 
case)  



PCORI-centric Use Case 

• Local codes need to be 
integrated into the 
PCORI hierarchy 

• Tools and strategies to 
assist with this effort 

 

  

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



ICD-9 plain_code example  
• 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\%‘; 
      



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

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

• But i2b2 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 
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SCILHS 11 Participating Sites 
Phase II: 10/1/15 – 9/30/18 

UC Davis 

BWH MGH 

BIDMC 

BCH 

BMC 

Wake Forest 

Grady Morehouse 

BJC/Wash U 

U Texas HSC- Houston 

HMS 



Agreements/Policy  

• Governance Agreement  
– Executed March, 2016 

• 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) 
 

 
 





Feasibility / Clinical Study with no contact Information 

SCILHS Self-Service 
portal 

External 
Researcher 

Local Site 
Admin  

SCILHS Network 
Shrine 

Local 
I2B2@Site 

1 2 3 4 
Researcher requests 
access to the SCILHS 
Network and define 
patient cohorts using 
Shrine Web Client 

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 
 

5 
Researcher accesses data 
sets in AWS and performs 
phenotype computation  

Data 
Set 























Active SCILHS Studies 
• Bariatric Surgery Obesity Demonstration Project 

(Tavakkoli) 
• Pediatric Antibiotic Obesity Demonstration Project 

(Taveras) 
• Suicide Prediction – Fuss Proposal (Smoller and Reis) 
• Parkinson’s Clinical Trial – Data Recruitment 

(Schwarzschild) 
• INVESTED Clinical Trial (Solomon)  
• RELIANCE Clinical Trial (Pending SSRC Review) 

 
 Represents all studies from Phase I and II 



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

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

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

 SCILHS Studies Pending Funding Decision 



Characteristics of Network 

15,856,539 
patients! 



Key Challenges 

• Governance of Data Types 
• Sustainability 
• Patient Privacy 
• Patient Engagement 

45 



SHRINE and i2b2 

• Rapid, real time query 
• Increasingly complex queries possible 
• PHI completely protected  



Researchers formulate queries across hospitals 



U Texas Health Science Center/Houston  

Morehouse/Grady/RCMI 

Wake Forest Baptist Medical Center 

Washington University in St. Louis 

SCILHS Clinical Data Research Network 

University of California, Davis 

Boston Children’s Hospital 

Boston Health Net (BMC and  
Community Health Centers) 

Partners HealthCare System 

BIDMC 



Network is Peer-to-Peer 



Federated Query System 



• 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 
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Strategy to Find Qualified Patients 
for Clinical Trials 

SHRINE 

I2b2 Chart Review 

Phenotyping 

Qualified 
Patients 

Jack London 
JAMIA 2013;20:e2 e260-e266 
 

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



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

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 



If a Small Number of Patients are Identified in 
SHRINE Query 

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 



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

• Control of Protected Health Information 
– PHI remains at the hospitals when collected under 

a waiver of consent 

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

– Revenue and scientific recognition are tied to 
recruitment for clinical trails 
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Run Query Using SHRINE 



Local Site Admin  
starts up i2b2 workbench 

 



Local Site admin reviews query 

 

SHRINE Queries are 
shown in this panel 



Can output “raw” Patient Set 

The Patient Set can 
be dragged to this 
panel which shows 
patient MRNs and 
allows set to be 
output. 



Handling Clinical Trials in an i2b2-SHRINE Network 

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 



Or can go on to Review Patients in i2b2 

 



Review Patients with SMART tools 

 



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



Classify Patients 

 



Output the “refined” Patient Set 

 



Often Output to REDCap 

 



When Large numbers of patients found use 
Machine Learning Approach 

SHRINE  Query 

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 





95% 
Specificity 

1. Create a gold standard training set. 

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

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 

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

Creating Quality Data with Supervised Machine Learning 
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Key Challenges 

• Governance of Data Types 
• Sustainability 
• Patient Privacy 
• Patient Engagement 
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A full workflow from query to contact 



i2b2 

i2b2 i2b2 i2b2 i2b2 

i2b2 i2b2 i2b2 i2b2 i2b2 



mySCILHS 



Designing the App Store for Health 
 



18.12 Issue 



State-of-the-Art ??? 





1 Design + 1 Developer + 1 Week 



1 SMART App in 3 SMART Systems 
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Key Challenges 

• Governance of Data Types 
• Sustainability 
• Patient Privacy 
• Patient Engagement 

81 



Common data platform (i2b2) 
+ 

Federated queries across sites (SHRINE) 
+ 

Point of care apps (SMART) 
+  

Patient-facing technologies (RedCap, SMART, +) 

The Plan 



Tribute to… 
 SMART i2b2 Team 

 Nich Wattanasin 
 Kenneth Mandl 
 Joshua Mandel 
 

 i2b2 – SHRINE Team 
 William Simons 
 Douglas MacFadden 

 

 tranSMART Team 
 Paul Avillach 
 Michael McDuffy 

 

 mySCILHS Team 
 Marc Natter 
 Isaac Pinol Catadau 
 Stanley Boykin 

 

 I2b2 Core Team 
 Christopher Herrick 
 Isaac Kohane 
 Susanne Churchill 
 Griffin Weber 
 Paul Avillach 
 Michael Mendis 
 Lori Phillips 
 Janice Donahoe 
 Nich Wattanasin 
 Wayne Chan 
 David Wang 
 Bill Wang 
 Vivian Gainer 
 Andrew Cagan 



I2b2, SHRINE, and SMART Information 
and Software on the Web 

i2b2 Homepage (https://www.i2b2.org) 
i2b2 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) 

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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