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Frobability

The paper that Launched at 100,000 chips:
Alizadeh 2000
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Example: PPARy Prol2Ala and Diabetes

Oh et al.
Deeb et al.
Mancini et al.
Clement et al.
Hegele et al.
Hasstedt et al.
Lei et al.
Ringel et al.
Hara et al.
Meirhaeghe et al. Overall P value =2 x 10/
Douglas et al. —o—
Alishuler et al. ISt Odds ratio = 0.79 (0.72-0.86)
Mori et al. —o—
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Common-Rare: Weak-Strong Spectrum
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The Power of Numbers: Efficiently Reaching a Large N

m High throughput genotyping
m High throughput phenotyping
m High throughput sample acquisition

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

Cost of the pediatric 100,000 study recently launched >>
$1B + decades.
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High Throughput Methods for supporting Research at
Partners Healthcare

m Set of patients is selected from medical record data in a high
throughput fashion

m Investigators work with the data of these patients using new
1I2b2 tools and a specialized team, both developed to work
specifically with medical record data

m Using the Crimson system, tissues of these patients can be
made available for genomic and biochemical analysis

m Automated discovery can be created from these projects to
support further hypothesis-driven research
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High Throughput Methods for supporting Research at
Partners Healthcare

m Set of patients is selected from medical record data in a high

throughput fashion
o Partners Research Computing — Eugene Brunwald, John Glaser, Diane
Keogh
m
m



Current Operations of the Research Patient Data
Registry

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

- Warehouse of in & outpatient clinical data

- 4.6 million Partners Healthcare patients

- 1.2 billion diagnoses, medications,
procedures, laboratories, physical findings,

De-
identified
Data

oot e | T o bt | i Ty b et e

& genomics coupled to demographics & visits %ﬁ Warehouse

- Authorized use by faculty status ! LE = ke
- Clinicians can construct complex queries 7731084
- Queries cannot identify individuals, internally £74902Xx

can produce identifiers for detailed data sets

Encrypted identifiers |-

1,970 registered users, 332 new in 2008 Usefulness of Detailed Data
106 Total Responses
915 detailed data sets = research study Not Useful

15%

returned to these teams, containing data for of
8.8 million patient records. ”
Critical
43%
$94-136 million total research support
critically dependent on RPDR from patient data

received throughout life of funding. Usetu




Enterprise web client
http://services.i2b2.org/webclient/
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http://services.i2b2.org/webclient/
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Enterprise-wide repurposing and distribution

of medical record data for research
A

Project
Management

File
Repository

Ontology Identity
Management Management

Dat_a Workflow
Repository

<:> - Framework

m Enable high performance collection of medical record data for querying and distribution
m Enterprise web client
m Create patient cohorts for further investigation
m Enable discovery within data on enterprise wide scale
m Relevance networks
m Pharmacovigilance
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Technical Overview

m Formed as a collection of interoperable services provided by
12b2 Cells

m Loosely coupled

m Makes no assumptions about proximity

m Connected by Web services

m Activity can be directed manually or automatically
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12b2 Cell: Canonical Hive Unit

Business Logic

12b2

Data Access

Data Objects

P
HTTP XML

(minimum: RESTful, others
like SOAP optional)

Programmatic
Access
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12b2 Environment

12b2 project portal
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shared / ) _
central | Hive” of software services

and core CRC cells

': <:>remote
Clinical Research Chart -~ .




A National Center for Biomedical Computing

Informatics for Integrating Biology & the Bedside
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Community

United States International

Beth Israel Deaconness Hospital, Boston, MA

Boston University School of Medicine, Boston, MA

Brigham and Women's Hospital, Boston, MA

Children's Hospital, Boston, MA
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Cincinnati Children's Hospital, Cincinnati, OH

Cleveland Clinic, Cleveland, OH

Weil Medical College of Cornell, NYC, NY

Group Health Cooperative

Harvard Medical School, Boston, MA

Massachusetts General Hospital, Boston, MA

Maine Medical Center, Portland, ME

Marshfield Clinic, Wisconsin

Morehouse School of Medicine, Atlanta, GA

Oregon Health & Science University, Portland, OR

Ohio State University Medical Center, Columbus, OH
Philadelphia Children's Hospital, Philadelphia, PA
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Tufts New England Medical Center, Boston, MA
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Utah Health Science Center, Salt Lake City, UT

University of Washington, Seattle, WA

Georges Pompidous Hospital, Paris, France
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University of Seoul, Seoul, Korea



SHRINE (Shared Research Informatics Network)
= Distributed Queries

SHRINE
.
12b2

Query
Aggregator

&
adapter adapter
i2b2 p caBIG p

Central “aggregator” broadcasts query to local hospital
*adaptors”, which return aggregate counts only
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SHRINE

izb2 Query & Analysis Tool

Logout

Navigate Terms | Find Terms ' Query Tool "
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: drag an
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Previous Queries
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High Throughput Methods for supporting Research at
Partners Healthcare

m Investigators work with the data of these patients using new
12b2 tools and a specialized team, both developed to work

specifically with medical record data
o NIH/NCBC - Isaac Kohane



Set of patients is selected through Enterprise Repository
and data is gathered into a data mart
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Data is available through the i2b2 Workbench
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Team support for Projects

Local sources
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S |
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Mart Clinical
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Project Manager Local data extract analyst
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NLP Workflow
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NLP (and comedy) is not pretty
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NLP Specialists Workstation
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Select patients for clinical trials
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| m Repurpose medical record information for research studies
m |2b2 Workbench
m Natural language processing
m Enable genomic studies
m Tissue/blood selection
m Genetic data integration
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Use of medical record data in clinical studies
focused upon teamwork and workflow
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High Throughput Methods for supporting Research at
Partners Healthcare

m Using the BETR/Crimson system, tissues of these patients can

be made available for genomic and biochemical analysis
o BWH Pathology —Lynn Bry
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Genotype samples and compare to controls
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Cost and time benefit of Instrumenting with Sample Collection
for Modest-size Study with 10,000 subjects (cases + controls)

Old vs. New Cost Time
(3)

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

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

Previous model for collecting specimens
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Accrual Rates

(a) (b)

® HA (yr. total = 16840 7 ASD (yr. total = 758)

o Asthma (yr. total =4£238:| ® Huntington's (yr. total = 102)
% MDD (yr. total = 39357)

# Specimens/week
g
€]

# Specimens per week

Week Week
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High Throughput Methods for supporting Research at
Partners Healthcare

m Automated discovery can be created from these projects to
support further hypothesis-driven research
o Pharmacovigilance — John Brownstein and Judy Colecchi
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Centrally supported Automated Discovery Projects
Clinical trials performed in-silico

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

= Fundamental problems complicate this approach:

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

=  Confounding variables are not found in the database. Sophisticated
natural language processing is needed to extract the confounders from
textual reports to allow these confounders to be controlled.

=  Missing data disrupts typical statistical approaches
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Effect on patient age
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Prospective Surveillance of Cardiovascular Events while taking
Avandia
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Odds Ratios for Diseases expressed in comparing

Rosiglitazone vs. Pioglitazone
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10 Lessons from 12b2

m 1) Power is Numbers of patients recruited

m 2) Enable Enterprise use of patients for research

m 3) Extensible Architecture for developers

m 4) Enable Scientist Workflow

m 5) Enable Team Work with informaticians and researchers

m 6) Enable Natural Language Processing

m 7) Importance of Visualizations

m 8) High throughput Tissue acquisition for Genomic Research
m 9) Enable Health Surveillance

m 10) Enable Data Sharing
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