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Turning Discovery Science Into Public Health Impact:

Knowledge of Risk Factors to Prevent Heart Disease
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Inheriting a Legacy of Excellence & Stewardship:

The Public Health Impact of NHLBI Investments

Heart disease death rate for 1958: 56 per 10,000 people 2010 death rate: 18 per 10,000
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Guided from Observation to Intervention:

Extending the Legacy in Hypertension to Management and Control

A Randomized Trial of Intensive SPRINT-MIND
vs. Standard BP Control Memory and Cognition in

Decreased Hypertension
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Intensive management of SBP to target <120 mmHg

National Institute
on Aging

National Institute of
Neurological Disorders
and Stroke

reduced complications of high BP by 25% and death by W/
27% as compared to SBP target <140 mm Hg. m)N N

and Blood Institute

N Engl J Med 2015; 373:2103-2116; JAMA 2019;321:553-561; Blood Pressure 2018; 27:247-248.



Building Upon a Legacy of Excellence:

Improving Lung Outcomes with Discovery Science
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Turning the Curve in Pulmonary Disease

Innovating for Challenges Ahead

6,000

40 el
5,000 —%& —4—RDS ——Other Respiratory Disea OW ra "'
' 35 1 € 08 RR=0S57 B
- P=0.01 edica
o ] 30 - Cystic 5
“ L
FE e 25 Fibrosis 2
£ / Age (yrs) 20 4 S 04 LVRS
'\“\L" m
2,000 15 L ﬂ
o
S 10 g oz Late COPD
U B 0 o O 5 e RN T N G B
) 0 . . - . - r ' - 0o 1 2 3 4 5 & T 8
FFFPFFFFFLIF PP IFFISP PO 1930 1950 1970 1990 2010 Years after randomization
45 |
ARMA-12 — Special intervention group 100+
40 » 'E'
- _ARDS |
sw0d * b . COPD/OSA
ARMA-6 ¥ Z
] 25 - £ ., Overlap
E ALVEOLI OMEGA z 0 g
20 - s
5 404 — coPD
* 15- ALTA 5 e @ — Overlap with CPAP
5 == Qweriap without CPAP
10 - 2 204
5- 0.8 1 I I ] 1 1 Ll I i I 1 I L} I 1 I F‘nm’
1] 1 2 3 £ 5 g ¥ a8 9 1M 11 12 13 14 15 c ] ] ] | | 1] 1
0 Time since LHS Baseline, y 0 2 4 6 8 10 12

1 I 1 1 I I
1997 1999 2001 2003 2005 2007 2009
Year National Heart, Lung,
and Blood Institute



Navigating the Present and Charting Our Future...

= Accountable Stewardship
= Enduring Principles
» Fiscal Update
* |nvesting in Investigator-Initiated Science
= |nvesting in People Not Projects
= Strategic Vision: Addressing Research Priorities
= Advancing Discovery for Public Health Impact
= Curing Sickle Cell Disease
» |Legacy of Excellence in Cardiovascular Research
= Social and Behavioral Determinants of Heart Disease
= Seizing Unprecedented Opportunities
* Precision Medicine and Prevention e

= Data Science m)N S
ational Heart, Lung,
and Blood Institute




NHLBI Mission - Discovery Science That Enhances Human Health:

Accountable Stewardship and the Privilege of Public Service

NHLBI Enduring Principles

» VValue investigator-initiated fundamental discovery science.

» Maintain a balanced, cross-disciplinary portfolio (basic,
translational, clinical, population science).

* Train a diverse new generation of leaders in science.

= Support implementation science that empowers patients
and enables partners to improve the health of the nation.

= |nnovate an evidence-based elimination of health
inequities in the U.S. and around the world.

National Heart, Lung,
and Blood Institute



Aligning Institute-Solicited Science

with the Strategic Vision Goals & Objectives
)

The NHLBI
Strategic Vision
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Medicine ‘ WA Resources
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Prioritized Investments in Investigator-Initiated Science:
Bending the Curve
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Nurturing a Diverse Next Generation of Leaders:

Multi-level Strategies to Expand Opportunities

Career Awards Historical Success Rate (excl K-22)
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Career Development Focused Initiatives

= ESI Bridge (R56) Awards K-RO3 awards
Loan Repayment Program R35 for Emerging Investigators
Mentored Clinician-Scientist (K08) RO1 Physician-Scientist Award for ESls

K Awards: FY18 Success 36% Stimulating Access to Research in Residency (StARR) (R38) & StARR Transition

ESI RO1s: FY18 Success 33% Scholar (StARRTS) (K38)
= Career Pathway to Independence in Blood Science Award for Physician Scientists

(K99/R00) |
National Heart, Lung,
m and Blood Institute




Investing in People and Not Projects:

NHLBI's Approach to the R35 Program
NHLBI R35 Program

National Heart, Lung,
and Blood Institute
88 R35s awarded in FY17- FY19

Outstanding and Emerging Investigator Awards
To promote scientific productivity and innovation by
providing stable and flexible funding

7 years of support at $600,000/per year

m National Institute of NATIONAL m National Institute of
Neurological Disorders CANCER ; .
and Stroke INSTITUTE General Medical Sciences
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NHLBI Supports Trans-NIH and Trans-HHS Priorities

m THE INCLUDE PROJECT
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Mechanisms for Cell Signaling in the Control
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NHLBI-supported Research

HEAL Initiative: Sleep and Circadian-Dependent
Mechanisms Contributing to Opiate Use Disorder
(OUD) and Response to Medication Assisted
Treatment (MAT)

Genomic Analysis of Congenital Heart
Defects and Acute Lymphoblastic Leukemia
in Children with Down Syndrome

RFA-HL-19-028 (R01- Clinical Trial Not Allowed) Data Fusion: A Sustainable, Scalable, Open
-HL-19- - Clinical Trial Not Allowe _ _
RFA-HL-19-029 (U01 — Clinical Trial Optional) Source Registry Advancing PVD Research

m National Heart, Lung,
For full list of HEAL Funding Opportunities, and Blood Institute

visit https://www.nih.gov/research-training/medical-research-initiatives/heal-initiative



https://www.nih.gov/research-training/medical-research-initiatives/heal-initiative

Navigating the Present and Charting Our Future...

= Accountable Stewardship
= Enduring Principles
» Fiscal Update
* |nvesting in Investigator-Initiated Science
» |nvesting in People Not Projects
= Strategic Vision: Addressing Research Priorities
= Advancing Discovery for Public Health Impact
= Curing Sickle Cell Disease
» |Legacy of Excellence in Cardiovascular Research
= Social and Behavioral Determinants of Heart Disease
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Moving from Vision to Implementation:

Building on the

Strategic Input from the

Council of Councils
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Building Upon a Legacy of Excellence:

Improving Sickle Cell Disease Outcomes with Discovery Science

SC Trait Protects

“Sickle Cell Anemia” ' RCAE Ly Observational Against Malaria &
Term Coined - HbF with more
favorable course
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Sickle Cell Disease Implementation Consortium
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Gene Therapy for SCD
National Heart, Lung,
and Blood Institute

Ribeil, JA et al., NEJM 2017; Pauling, L., et al., Science 1949; Brawley OW, et al., Ann Intern Med 2008; Ware, RE et al., Lancet 2016; Aidoo, M et al., Lancet 2002.



https://www.sciencedirect.com/science/journal/01406736

Comprehensive SCD Implementation Science Strategy to

Improve Health Outcomes in the US and Globally

Opportunity for Implementation Science strategies to improve treatment initiation and adherence JRALIREUSTIESEYETE]

Africa Initiative
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Reeves SL, et al. Pediatric Blood & Cancer. 2019



Is the Time Ripe for a Cure of the First ‘Molecular’ Disorder?

New Technologies Toward Curative Strategies

LentiGlobin BB305 vector encodes human HBB
variant and inhibits HbS polymerization.

Gene therapy options to address SCD
§ Total hemoglobin 11.8 g/dI
% ——
§ 1004
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e
Months after Infusion of Transduced CD34+ Cells

Correction of A-T mutation by:

Gene Correction CRISPR-Cas9 Patient attained normal blood cell counts.
ZENs Engrafted stem cells were capable of long-term repopulation.
TALENs

Sickle Cell o ¥ .
A HbF induction through: @ . 12(311:11:ug?11-\ldeeting ™
A ey Chemical inducers ("*\ ) i trposhion - :
Clig, Targeting regulatory genes ®. o - bluebirdbioc”
»

Enhancer disruption
Forced chromatin looping

HPFH mutation > Total of 18 patients:
» Stable Hemoglobin production
 Decreased vaso-occlusive events

National Heart, Lung,

Demirci S, Cytotherapy 2018; 2019 ASH Annual Meeting, posters 1026 (Tisdale J et al.) and 1080 Kanter J et al.; m and Blood Institute
Ribeil JA, et al. NEJM. 2017; BlueBirdBio press release, Business Wire, December 3, 2018




Leveraging Collaborative Partnerships

on the Path to SCD Cures

Identify and support the most promising genetic therapies for scalable cures.

Highlights from “60 Minutes”

Patients & Could Gene Therapy Cure Sickle Cell Anemia?
Advocacy
Groups = | |

Areas Of FOCUS Biotech Academic

= Patient Engagement Companies Institutions
= Therapeutics Development
» Date Repository CURE

" Date . SICKLE
Clinical & Econ Impact Analysis CELL. 2

= Clinical Platforms & Networks

Federal Professional 160
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National Heart, Lung,
and Blood Institute




Moving from Vision to Implementation:

Highlights of NHLBI Strategic Priorities

Objective 1: Normal Biology w #
" L I .

Objective 2: Pathobiology, Onset,
& Progression of HLBS diseases
Objective 3: Population & 9 " ]
Differences '- e
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Medicine ) (’"'\, P
Obijective 5: Novel Diagnostics
& Therapeutics
Objective 6: Clinical & 'l
Implementation Research
Objective 7: Data Science & f‘q
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Resources .,._,,.\

CHARTING THE
FUTURE TOGETHER

©

The NHLBI
Strategic Vision

Leveraging Data Science: Omics & Imaging

National Heart, Lung,
and Blood Institute




Heart Disease Mortality: An Evolving Story

CVD Mortality Reveals Place Matters in Health Inequities

, U.S. County-Level Mortality From CVD
Overall, heart disease death rates (both sexes, 2014)

down over 70% since 1950.
However, progress has slowed.
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National Heart, Lung,
and Blood Institute

NCHS Data Brief No. 254. August 2016 Roth, et al. JAMA, May 16, 2017



Translating Discovery Science into Public Health Impact:
From ‘Nucleotides-to-Neighborhoods’

Biomedical and
Biomedical Model Socioecological
Model

Bench Research Bedside Patients Practices Real World
* Discovery Science * 1st Human Studies * Phase Il Trials * Phase IV Trials * Implementation
— Animal Studies « Controlled « Guideline « Comparative and Dissemination
« Preclinical Observations Development Effectiveness Science
« Phase /Il Trials Research

| ! g Translation
Discovery Translation Translation Translat|on to

Science to Humans to Patients to Clinical Real World
Practices Settings

u/
\_ J

National Heart, Lung,
and Blood Institute
Modified/adapted from M Khoury et al Genet Med 2007 and Harvard Catalyst CTSA




Health Disparities: A Complex Multi-Level Challenge

Social Environment/‘Exposome’
Stress Disturbance Features

The Bio-Social Interface
Biological Interface Systems

Microbiome Immune System Epigenome

Genomic Population
Variation Transcriptome / Proteome History

Inflammation Oxidative Stress

Vascular Cysfunction

National Heart, Lung,
and Blood Institute

Vascular Disease m)



What does it mean locally? Social Determinants of Heart Disease:

M Elack
M Hispanic
B Asian
W White
B Others
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Interplay of Social and Biological Systems
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Immune System Activation

Vascular Disease

New York Times: Mapping Segregation; 7/8/15

Wang D et al Circ Res. 2012 Sep 28;111(8):967-81

National Heart, Lung,
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Addressing Persistent Disparities in Hypertension

“Place Matters™ in Health Equity
C ARLIA

Coronary Artery Risk Development in Young Adults
JAMA Internal Medicine | Original Investigation

’“ == Association of Changes in Neighborhood-Level Racial
- oy - Residential Segregation With Changes in Blood Pressure
Among Black Adults

Hispanic 75%
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‘Source: Jefersan Caunty Depadimen of -

In black participants of the CARDIA study,
reductions in systolic blood pressure
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| Mi‘nneapolis_,%hicég&

byt

over 25 years were associated with
decreases in racial segregation
of participant’s place of residence.

National Heart, Lung,
and Blood Institute

Lyens

Kershaw KN, et al. JAMA Internal Medicine. 2017.



Systems Biology Framework for Developing Tailored Therapies:
Harnessing New Technologies to Improve Health Outcomes

Leveraging New
Technologies for
HLBS Disorders

Data Science and Al

|dentify behavioral
contributors and molecular
mechanisms of disease

Precision Medicine

AMANAL 0ot Tailor treatments across
| e populations

i R S
gty lah | ﬂm;q@_-,f& bt |

National Heart, Lung,
and Blood Institute



TOPMed: A Diverse Genome-Phenome Resource Enabling
Data Science with Public Health Impact

Population Diversity Phenotype Diversity m

3,410 1,000 (1%)
%) TOPMed
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13,700

8 i Multi-ph i ili
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Hi ic/Lati i .

23,500 (16%) | St Stroke Lipids

" Small Vessel Disease VTE

Lung
48,360 (33%) CHD Asthma
H
54‘77%&(138%} Afib COPD
N840 (52%) CAC IPF
Adiposity Sarcoidosis

CHF Lo
HCM Sleep
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An expansive data resource for integrated exploration of multi-omics
data with molecular, behavioral, imaging, environmental, and clinical
data in heart, lung, blood, and sleep disorders.

National Heart, Lung,
and Blood Institute

Phenotype Diversity represents 145K WGS samples from Phase 1-4 X01s.



Envisioning a Communal, Global Discovery Platform for

Multi-Disciplinary Open Science

&, et G2l Miller

= KIdS First ©Biol INCC

o Data & Bio- Population Clinical - .
Registries Specimen Cohort inica enomics
Repositories Studies Trials Sequencing

Individual Genomics

participant and

data from Phenomics
practice- data from
changing diverse HLBS

Registries Datasets &
with clinical Biospecimen

data and from over 100
biological Clinical & Epi

Longitudinal
Phenotypic
data from
diverse
samples studies

(i.e. All of Us, (LungMap)
GTEX)

populations
clinical trials cohort/clinical
studies

(Personal
Sensor Data)

National Heart, Lung,
and Blood Institute



Building a Communal Trans-NIH Platform for

Multi-Disciplinary Open Science

@ DataSTAGE
< Gabrig/, will é
KIdS F'rSt Genomic Anal, Vis. j%’ NDA
and Informatics

Lab-space (AnVIL)
N|H NATIONAL CANCER INSTITUTE
Genomic Data Commons

Accelerating Data to Knowledge and
Knowledge to Discovery

Make data accessible to medical, scientific

community

Ensure data interoperability with other data
sets

Drive discovery

Enhance tools and treatments available for

clinicians

Revolutionize prevention and treatment of
disease

National Heart, Lung,
and Blood Institute



Realizing the Promise of Precision Medicine:
Harnessing Data Science to Improve Health Outcomes

DataSTAGE

" NHLBI |

. TOPMed |

COPDGene’

COPD Genetic Epidemiology

Resource platforms enabling
discovery of molecular

pathways, subphenotypes, &
treatment targets

Leveraging Al & deep learning of
neural networks from CT in
COPDGene to characterize

disease severity and predict
acute exacerbations and mortality

Public Health Impact

= |dentifying COPD prior to
symptom onset

= Linking structural,
functional and biological
changes

= |dentifying high-risk
subgroups in large
populations

Predicting/Preventing/
Preempting Disease

Gonzalez G, et al. AJRCCM, 2018.

National Heart, Lung,
and Blood Institute



What if... We Employed Polygenic Risk Scores to Refine Risk

and Optimize Therapy for Chronic Conditions?

Genome-wide polygenic scores for common
diseases identify individuals with risk
equivalent to monogenic mutations

Polygenic Risk Scores for

Polygenic Diseases

High polygenic scores identify

S b oo ‘ participants with 3X (or more)
E"‘“"’m”:fg;/\ “] ‘ 10- higher risk for disease compared
03| M- eaCs | i = . to participants with lower scores for
: j' 2 ] 3 . : common diseases.
5 | & 40 £ , --1-“';:. . Corona_ry _Artgry Disease
or 5 ®- g T, o » Atrial Fibrillation
j o 77 N N - Type 2 Diabetes
0 o] 0 * Inflammatory Bowel Disease
Ge_imw_i:ie poh'genic Sl::%:rafnréAD e CAD o 0 lelgrc::?tiljzfi?w:i)nij:cjz % 10 » Breast Cancer

* Obesity
“The polygenic score identified 20-fold more people at comparable or

greater risk than were found by familial hypercholesterolemia
mutations in previous studies.”

National Heart, Lung,
and Blood Institute

Khera & Kathiresan et al. Nature Genetics, 2018 375:2349-2358.



A Paradigm for Translating Discovery to Public Health Impact

for Heart, Lung, Blood and Sleep Research

Transform
Health
Outcomes ‘

Conduct Develop
Clinical Tailored Improve health
Research ‘ Treatments and quality of life

Perform Deep

Expand Phenotyping ‘ Biomarkers & IrrrPapnrg;]/grglesr?taasr?d
Diagnostic tgfrgfseuuc health outcomes
Capabilities ‘ idegntified

Identify Patient-centric data
mining through

Novel use of artificial discovery science

through Omics

Disease Risk

intelligence & (e.g., TOPMed and
Track early risk, machine learning Data STAGE)
identify disease R i -
categories A £

National Heart, Lung,
and Blood Institute




A Paradigm for Translating Discovery to Public Health Impact

for Heart, Lung, Blood and Sleep Research

Transform
Health
Outcomes ﬁ

Building on the Strategic Input from the
Council of Councils Conduct  Develop

Clinical Tailored ] Improve health
Research 4! Treatments | and quality of life

Perform Deep

. . ) Improve disease
E?(pand ) Phenotyping ‘ Biomarkers & management and
Diagnostic :herafeutlc health outcomes
Capabilities ‘ targets ,
Identify Patient-centric data |, identified ‘ W\
mining through through Omics .
Disease Risk o 1ining g \
Novel use of artificial [ discovery science
intelligence & (e.g., TOPMed and :
Track early risk, machine learning Data STAGE) ) ,
identify disease e

categories

National Institutes
of Health

National Heart, Lung,
and Blood Institute
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