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What is Precision Medicine?
• Precision medicine is 

an emerging approach 
for disease treatment 
and prevention that 
takes into account 
individual variability in 
lifestyle, environment, 
and genes.

• It is a radical shift in 
how each of us can 
receive the best care 
possible based on our 
unique makeup.
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The Precision Medicine 
Initiative (PMI®)

• Announced by President Barack Obama in his 
2015 State of the Unionaddress

• MISSION: To enable a new era of medicine 
through research, technology, and policies that 
empower patients, researchers, and providers 
to work together toward development of 
individualized care
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“My hope is that this becomes the foundation,
the architecture, whereby in 10 years from
now we can look back and say that we have
revolutionized medicine.”

—President Barack Obama
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The All of Us℠ Research 
Program 

•The cornerstone of the larger 
PMI – led by the NIH
•One million or more 
volunteers, reflecting the 
broad diversity of the U.S.
•Opportunities for volunteers 
to provide data on an 
ongoing basis
•Data shared freely and 
rapidly to inform a variety of 
research studies
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$130M
F Y 1 6  E N A C T E D F Y 1 7  P R E S I D E N T ’ S

R E Q U E S T

$230M
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A Transformational Approach 
to Diversity
• Reflecting the country’s 

rich diversity to produce 
meaningful  health 
outcomes for historically 
underrepresented
communities
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A Transformational Approach 
to Participation

• Participants in the All of Us℠

Research Program will be 
true partners—not patients, 
not subjects—in the 
research process

• Involved in every step of 
program development
• What data we collect
• What lab analyses we

do
• What research is 

conducted
• How data gets returned
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A Transformational Approach 
to Data Access

• Data sharing will be swift to both 
researchers and participants

• Participants will have access 
to study information and data 
about themselves

• Data collection will start small and 
will grow over time

• Privacy and security will adhere 
to the highest standards

• Will invest to level the playing 
field so diverse researchers can 
play
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All of Us℠ Research Program 
Data

• The Program will start by collecting 
a limited set of standardized data 
from sources that will include:
• Participant questionnaires
• Electronic health records
• A baseline physical evaluation
• Biospecimens (blood and urine 

samples)
• Mobile/wearable technologies
• Geospatial/environmental data

• Data types will grow and evolve 
with science, technology, and trust.

All of UsSM | The Precision Medicine Initiative®   

10



Selected Scientific Opportunities
• Develop quantitative estimates of risk for a range of diseases by 

integrating environmental exposures and genetic factors.
• Identify the causes of individual variation in response to commonly 

used therapeutics = pharmacogenomics.
• Discover biological markers that signal increased or decreased 

risk of developing common diseases.
• Develop solutions to health disparities.
• Use mobile health technologies to correlate activity, physiological 

measures, and environmental exposures with health outcomes.
• Empower study participants with data and information to improve 

their own health.
• Create a platform to enable trials of targeted therapies.
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Established Program Infrastructure

BIOBANK
Mayo Clinic

HEALTH CARE PROVIDER
ORGANIZATIONS (HPOs)

Regional Medical Centers, Health Centers
(including Federally Qualified Health Center pilots),

VA Medical Centers

DATA AND RESEARCH
SUPPORT CENTER (DRC)
Vanderbilt University Medical Center

with the Broad Institute and Verily

PARTICIPANT TECHNOLOGIES
CENTER (PTC)

Scripps Research Institute
with Vibrent Health
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HPOs: Regional Medical 
Centers (RMCs)

• Able to enroll 
diverse patient 
populations

• Strong electronic 
health record 
capacity

• Geographic 
spread

• Capacity to enroll 
35,000 a year

Northwestern 
University
Institute for Public 
Health and Medicine
Evanston, IL

University
of Pittsburgh
Clinical and Translational 
Science Institute
Pittsburgh, PA

University
of Arizona
College of Medicine 
& Public Health
Tucson, AZ

Columbia
University 
Institute for 
Genomic Medicine
New York, NY

University
of California
San Diego
Department of 
Biomedical Informatics
La Jolla, CA

Massachusetts 
General Hospital
Genetics & Genomics Unit
Boston, MA

Henry Ford
Health System
Public Health Sciences
Detroit, MI

Geisinger
Health System
Genomic Medicine Institute
Danville, PA
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HPOs: Federally Qualified Health 
Centers (FQHCs) – Pilot Sites

• Develop and pilot 
health center 
approaches for 
enrolling underserved 
populations, 
especially those 
historically 
underrepresented in 
biomedical research

• A collaboration with 
the Health Resources 
and Services 
Administration 
(HRSA) and the 
MITRE Corporation

Hudson River 
Health Care
Peekskill, NY

Cherokee
Health Systems
Knoxville, TN

Eau Claire 
Cooperative 
Health Center
Columbia, SC

San Ysidro
Health Center
San Ysidro, CA Jackson-Hinds

Comprehensive
Health Center
Jackson, MS

Community 
Health 
Center, Inc.
Middletown, CT
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HPOs: Veterans Affairs (VA) 
Medical Centers

• Invite veterans to 
enroll in the All of Us℠	

Research Program at 
participating VA 
medical centers

• A collaboration with 
the Department of 
Veterans Affairs and 
the Million Veteran 
Program, a national, 
voluntary research 
program studying how 
genes affect health

• 20 participating sites 
anticipated
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Role of informatics in PMI®

16
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Key informatics research agenda 
for PMI® 

1. Facilitate electronic consent and specimen 
tracking
• Machine-readable, and standardized consent forms
• Infrastructure to enable participant engagement 

after enrollment
• Infrastructure to perform role-based distributed 

queries over cohorts and sample collections
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Key informatics research agenda 
for PMI® 

2. Develop and deploy standards for data 
privacy, security and integrity
• Methods for de-identification, encryption and 

sharing of genomic and personal health record data
• EHR data sharing is even more rare

• Privacy-preserving data mining and computation
• Mechanisms and policies for addressing data 

breach
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Key informatics research agenda 
for PMI® 

3. Develop and deploy standards for data 
integration and exchange
• Don’t create more standards…re-use and expand 

existing ones
• EHR and other clinical data mapped to common 

data models
• Expand to include omics, environmental and social data

• Federated querying capabilities
• Sharing of health care data
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Key informatics research agenda 
for PMI® 

4. Advance methods for biomarker discovery 
and translation
• Computational phenotyping

• Standardized phenotype definitions
• Functional characterization of genes and pathways 

related to the biomarker for clinical utility
• Variant annotations with actionable clinical 

information 
• Frameworks for evaluating clinical actionability
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Key informatics research agenda 
for PMI® 

5. Processes and protocols for capturing and 
exchanging metadata and data provenance
• Tools that enable implementation of standard 

operating procedures (SOPs) for data processing, 
analysis, and interpretation

• Policies for responsible, reproducible, and reusable 
science

• Metadata management capabilities for research 
protocols, databases, software code etc. 
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Key informatics research agenda 
for PMI® 

6. Build a precision medicine knowledge base
• Comprehensive knowledge base that contains 

information about disease subtypes, disease risk, 
diagnosis, therapy, and prognosis 

• Machine- and human-readable representation
• Federated querying and inferencing
• New methodologies for updating and maintaining 

the integrated knowledge base
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Key informatics research agenda 
for PMI® 

7. Enhance EHRs to promote precision 
medicine
• Computational phenotyping
• Integrate discrete genomic findings and 

interpretations in machine-readable format
• Clinical decision support knowledge base for 

genome-based risk predictions, prognoses, and 
drug-dosing at the point of care

• Patient portal and return of results
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Key informatics research agenda 
for PMI® 

8. Facilitate consumer engagement
• Collect information about person’s environment and 

lifestyle choices
• Address ethical, legal and social issues on data use 

and re-use
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Precision Medicine 
Informatics activities at 
Weill Cornell Medicine
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EHR-driven phenotyping

• Goal: To develop high-throughput semi-automated 
techniques and algorithms that operate on 
normalized EHR data to identify cohorts of 
potentially eligible subjects on the basis of 
disease, symptoms, or related findings

• Application areas:
• Biomarker discovery
• Quality reporting
• Clinical decision support
• Clinical trial recruitment
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What is the goal of Phenotyping? 

Condition

Definitely
Absent

Negative
On Inference

Not 
Enough

Data

Positive
On Inference

Easy
Positive

Exclusions

Definite
Exclusion

Exclusion
Inferred

Not 
Enough

Data

No Exclusion
Inferred

Exclusion
Absence
Asserted

Maximize # subjects with accuracy
Common phenotypes à PPV

Rare phenotypes à Sensitivity with reasonable PPV
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EHR-driven Phenotyping 
Algorithms - I

• Typical components
• Billing and diagnoses codes
• Procedure codes
• Labs
• Medications
• Phenotype-specific co-variates (e.g., 

Demographics, Vitals, Smoking Status, CASI 
scores)

• Pathology
• Radiology

• Organized into inclusion and exclusion criteria
[eMERGE Network]
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DataTransformTransform

EHR-driven Phenotyping Algorithms 
- II

Phenotype
Algorithm

Visualization

Evaluation

NLP, SQL

Rules

Mappings [eMERGE Network]
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No secondary causes (e.g., pregnancy, ablation)

No ICD-9s for
Hypothyroidism

No
Abnormal
TSH/FT4

No Antibodies	for	TTG/TPO

ICD-9s	for
Hypothyroidism

Antibodies for
TTG or TPO
(anti-thyroglobulin,
anti-thyroperidase)

Abnormal
TSH/FT4

No thyroid-altering medications (e.g., Phenytoin, Lithium)

Thyroid replace. meds

Case	1 Case	2

No thyroid replace. meds

Control

2+ non-acute visits in 3 yrs

No Hx of  myasthenia gravis

Example: Hypothyroidism 
Algorithm

[Denny et al., ASHG, 2012; 89:529-542]
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Example: Hypothyroidism Algorithm

©2012 MFMER  |  slide-31 [Conway et al. AMIA 2011: 274-83]



Example: Hypothyroidism Algorithm

©2012 MFMER  |  slide-32 [Conway et al. AMIA 2011: 274-83]

Drugs

Labs

Diagnosis

NLP

Proce-
dures

Demo-
graphics

Vitals



Phenotyping 
Algorithms

Data Categories used to define EHR-driven Phenotyping 
Algorithms

Clinical gold 
standard

EHR-derived 
phenotype 

Validation 
(PPV/NPV)

Sensitivity
(Case/Cntrl)

Alzheimer’s 
Dementia

Demographics, clinical 
examination of mental 
status, histopathologic

examination

Diagnoses, 
medications 73%/55% 37.1%/99%

Cataracts
Clinical exam finding 

(Ophthalmologic 
examination)

Diagnoses, 
procedure codes 98%/98% 99.1%/93.6%

Peripheral 
Arterial 
Disease

Clinical exam finding 
(ankle-brachial index 

or arteriography)

Diagnoses, 
procedure codes, 

medications, 
radiology test 

results

94%/99% 85.5%/81.6%

Type 2 
Diabetes

Laboratory Tests
Diagnoses, 

laboratory tests, 
medications

98%/100% 100%/100%

Cardiac 
Conduction

ECG measurements ECG report results 97% (case only 
algorithm)

96.9% (case 
only algorithm)
[eMERGE Network]
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0.5 5

Genotype-Phenotype 
Association Results

0.5 5
0.5 5.01.0

Odds Ratio

rs2200733 Chr. 4q25
rs10033464 Chr. 4q25
rs11805303 IL23R
rs17234657 Chr. 5
rs1000113 Chr. 5
rs17221417 NOD2
rs2542151 PTPN22
rs3135388 DRB1*1501
rs2104286 IL2RA
rs6897932 IL7RA
rs6457617 Chr. 6
rs6679677 RSBN1
rs2476601 PTPN22
rs4506565 TCF7L2
rs12255372 TCF7L2
rs12243326 TCF7L2
rs10811661 CDKN2B
rs8050136 FTO
rs5219 KCNJ11
rs5215 KCNJ11
rs4402960 IGF2BP2

Atrial fibrillation

Crohn's disease

Multiple sclerosis

Rheumatoid arthritis

Type 2 diabetes

disease gene / 
regionmarker

2.0
[Ritchie et al. AJHG 2010; 86(4):560-72]

observedpublished
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Phenotype Execution and Modeling 
Architecture (PhEMA)

[Rasmussen et al. AMIA 2015]
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Precision Oncology at Weill 
Cornell Medicine

Advanced cancer patient

[Rennert et al. 2016]
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CLIA-approved whole-exome
sequencing test queries >21,000 genes

[Rennert et al. 2016]
37



38



39



40



41



High Level Workflow for 
EHR integration
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EHR (Epic) integration
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Data to be discretely stored 
and presented to Clinicians

• Primary Site
• Tissue Site
• Source of Material
• Gene Name
• Gene Position 
• Copy Number Anomaly (CNA) (Broad vs Focal qualifier if available 

to be displayed here)
• Exon Number
• Coding Nucleotide Change
• Amino Acid Change
• Variant Allele Frequency (VAF)
• Interpretation
• Hyperlink to PDF report from IPM
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Controlled Vocabularies for 
results

• Result components will be built using elements 
described by the Genomic Information System 
(GIS) and will be associated with a LOINC 
number where possible

• Primary site, tissue type, histology will use 
SNOMED Morphology codes

• Integration with additional annotation and 
information from Precision Medicine 
Knowledge Base (PMKB) – next slide
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Precision Medicine Knowledge Base (PMKB)

ü Genes
ü Variants
ü Interpretations
ü Tumor Types
ü Tissue Types https://pmkb.weill.cornell.edu/ 46
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PMKB – BRAF Gene Variants

https://pmkb.weill.cornell.edu/ 47



PMKB – EFGR Interpretation 278
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Audacious Goals to Help Make 
This Happen

• Through the All of Us℠Research Program and 
Institute of Precision Medicine activities at Weill 
Cornell, we aim to generate:

• A new model of research based on 
collaboration among researchers, providers, and 
participants

• A rich resource of data, including 
biospecimens, to help accelerate research 
advances

• Increased knowledge leading to individualized 
care and improved health for future generations

All of UsSM | The Precision Medicine Initiative®   
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It takes a village…
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Thank You!

pathak@med.cornell.edu

http://pathaklab.com
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We’re hiring: 
http://hpr.weill.cornell.edu
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