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Statement of Task

Half of all Americans live with at least one chronic disease, such as heart disease, cancer, stroke, or diabetes. These
and other chronic diseases are the leading cause of death and disability in the United States and are a leading driver
of health care costs.! Yet investment in the leading causes of death and disability, other than cancer, has not kept pace
with the public health need. Published data from BIO has shown that venture investment for drug development in
areas such as psychiatric disorders, cardiovascular, diabetes, and respiratory diseases has declined over the last decade
relative to the prevalence and health care cost of these diseases2. The recent outbreak of Coronavirus Disease 2019
(COVID-19) may further exacerbate the health disparities associated with highly prevalent chronic diseases. A case
series on hospitalized COVID-19 patients in the New York City area showed that the most common comorbidities
were hypertension, obesity, and diabetes.?

A planning committee of the National Academies of Sciences, Engineering, and Medicine, will organize and conduct
a public workshop to examine the bottlenecks to innovation in drug research and development (R&D) for prevalent
chronic diseases and highlight opportunities for spurring drug R&D in this space.

The public workshop will feature invited presentations and discussions to:

o Discuss the unique cross-cutting challenges to increased investment in early stage research and late stage
drug development for prevalent chronic diseases (e.g. do we have promising targets?, are the regulatory
requirements predictable?);

o Consider whether investment and attention enablers are in alignment for spurring the type of R&D that will
address unmet need when it comes to prevalent chronic diseases (e.g., do we have the right business models
in place?);

o Consider lessons learned from other disease areas (e.g., rare diseases) and/or use cases that could have
cross-cutting applications for several prevalent chronic diseases; and

e PBrainstorm and prioritize potential strategies to spur drug R&D innovation for several prevalent chronic
diseases (i.e., highlight promising avenues forward that merit additional time/effort/funding/attention).

The planning committee will organize the workshop, develop the agenda, select and invite speakers and
discussants, and moderate or identify moderators for the discussions. A proceedings of the presentations and
discussions at the workshop will be prepared by a designated rapporteur in accordance with institutional
guidelines.

! National Center for Chronic Disease Prevention and Promotion (https://www.cdc.gov/chronicdisease/index.htm).

2 Thomasand Wessel, 2018 (https://mww.bio.org/sites/default/files/legacy/bioorg/docs/BIO_HPCP_Series-Pain_Addiction_2018-02-08.pdf)
3 Richardson et al, JAMA, 2020 (https://jamanetwork.com/journals/jama/fullarticle/2765184).

The National Academies of Sciences, Engineering, and Medicine are private, nonprofit institutions that provide expert advice on some of the most pressing

challenges facing the nation and the world. Our work helps shape sound policies, inform public opinion, and advance the pursuit of science, engineering, and
medicine. For more information about this workshop, contact Amanda Wagner Gee (agee@nas.edu).
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Planning Committee

Carlos Garner (co-chair), Eli Lilly and Co.

Anantha Shekhar (co-chair), University of Pittsburgh
Melinda Buntin, Vanderbilt School of Medicine
Grace Coldn, InCarda Therapeutics

Bettina Drake, Washington University in St. Louis

Alyson Karesh, Center for Drug Evaluation and
Research, FDA

Chronis Manolis, UPMC Health Plan
Phyllis Pettit Nassi, University of Utah
Howard Rosen, BonVelo Ventures/Stanford University

Susan Schaeffer, The Patients’ A cademy for Research
Advocacy

Amir Tamiz, National Institute of Neurological Disorders and
Stroke, NIH
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Half of all Americans live with at least one chronic disease, such as heart disease, cancer, stroke,
or diabetes. These and other chronic diseases are the leading cause of death and disability in the
United States and are a leading driver of health care costs. Yet investment in the leading causes
of death and disability, other than cancer, has not kept pace with the public health need. This
virtual public workshop will provide a venue for stakeholders to examine bottlenecks to
innovation in drug research and development (R&D) for prevalent chronic diseases and highlight
opportunities for spurring drug R&D in this space.

The virtual workshop will be conducted in three parts:

e Part One (February 22, 2021) will discuss key opportunities and challenges for
increasing investment, broadening biospecimen collection and registry use, and
supporting innovative discovery and preclinical research in prevalent chronic diseases.

e Part Two (March 1, 2021) will consider key aspects and opportunities related to
development, translation, regulation, and support for innovative clinical research in
prevalent chronic diseases.

e Part Three (March 8, 2021) will consider case studies in both discovery and clinical
research related to prevalent chronic diseases, and discuss potential cross-cutting
applications for other prevalent chronic diseases.

For additional information on this virtual workshop, please visit the main project page.

Access the Webinar for Part 1 of the Workshop
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Part 1: February 22, 2021
Opportunities in Discovery and Preclinical Research for

Prevalent Chronic Diseases
11:00 am - 3:00 pm ET

11:00 am.  Welcome and Opening Remarks

CARLOS GARNER, Workshop Co-chair
Vice President, Global Regulatory Affairs
Eli Lilly and Company

ANANTHA SHEKHAR, Workshop Co-chair
Senior Vice Chancellor for Health Sciences and Dean of the School of Medicine
University of Pittsburgh

SESSION I OVERVIEW OF R&D FOR PREVALENT CHRONIC DISEASES

Session Objectives:
e Discuss the unique cross-cutting challenges facing preclinical research for prevalent chronic
diseases; and
e Highlight opportunities to overcome those challenges and mobilize the R&D innovation engine.

11:10 am A Patient’s Perspective on Mobilizing the R&D Innovation Engine
RuUss PAULSEN
Chief Operating Officer
US Against Alzheimer’s

SESSION Il FUNDING AND INVESTMENT DECISION-MAKING IN DISCOVERY RESEARCH

Session Objectives:
e Examine common causes of failures in discovery research for prevalent chronic diseases and
how failures could be avoided or “go/no-go” decisions could be accelerated in the future
e Discuss whether investment and cultural incentives are in alignment for spurring the type of
R&D that will address unmet need when it comes to prevalent chronic diseases; and
e Consider the factors that determine which research areas key decision-makers (e.g., investors,
sponsors, researchers) decide to move forward.

11:25 am Response and Overview
SUSAN SCHAEFFER, moderator
President and Chief Executive Officer
The Patients’ Academy for Research Advocacy
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11:35am Funder Perspective
JASON MELLAD
Chief Executive Officer and Founder
Start Codon

11:50 am Public-private partnership investor perspective
JOSEPH MENETSKI
Associate Vice President of Research Partnerships
Foundation for the National Institutes of Health

12:05 pm Moderated Panel Discussion and Audience Q&A

12:30 pm BREAK (30 mins)

SESSION 111 BIOSPECIMEN COLLECTION AND REGISTRY USE IN DISCOVERY RESEARCH

Session Objectives:
e Consider lessons learned from other disease areas that could have cross-cutting applications for
prevalent chronic diseases; and
e Discuss the availability or need for high quality biospecimen repositories and datasets that
represent the patient populations most impacted by prevalent chronic diseases.

1:05 pm Introduction and Overview
HOWARD B. ROSEN, Moderator
Managing Director, BonVelo Ventures
Lecturer, Stanford University

1:10 pm Academic perspective
ERICA WOODAHL
Associate Professor, Dept. of Biomedical and Pharmaceutical Sciences
University of Montana

SESSION IV NEW TECHNOLOGIES ENABLING DISCOVERY RESEARCH

Session Objectives:

e Discuss the unique cross-cutting challenges in pre-clinical research for prevalent chronic
diseases and consider how new technologies could help researchers overcome these challenges;
and

e Consider lessons learned from other disease areas for which new technologies have been a key
driver of progress.

1:25 pm Academic discovery science-technology perspective
JOHN NGAI
Director
The BRAIN Initiative, NIH
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1:40 pm Artificial intelligence for discovery science
ANDREW A. RADIN
Chief Executive Officer
twoXAR Pharmaceuticals

1:55 pm Regulator perspective
QiLiu
Senior Science Advisor, Office of Clinical Pharmacology & Translational Sciences
U.S. Food and Drug Administration

2:10 pm Moderated Panel Discussion and Audience Q&A
2:50 pm Closing Remarks

CARLOS GARNER, Workshop Co-chair

Vice President, Global Regulatory Affairs

Eli Lilly and Company

ANANTHA SHEKHAR, Workshop Co-chair
Senior Vice Chancellor for Health Sciences and Dean of the School of Medicine
University of Pittsburgh

3:00 pm ADJOURN
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Half of all Americans live with at least one chronic disease, such as heart disease, cancer, stroke,
or diabetes. These and other chronic diseases are the leading cause of death and disability in the
United States and are a leading driver of health care costs. Yet investment in the leading causes
of death and disability, other than cancer, has not kept pace with the public health need. This
virtual public workshop will provide a venue for stakeholders to examine bottlenecks to
innovation in drug research and development (R&D) for prevalent chronic diseases and highlight
opportunities for spurring drug R&D in this space.

The virtual workshop will be conducted in three parts:

® Part One (February 22, 2021) discussed key opportunities and challenges for increasing
investment, broadening biospecimen collection and registry use, and supporting
innovative discovery and preclinical research in prevalent chronic diseases.

e Part Two (March 1, 2021) will consider key aspects and opportunities related to
development, translation, regulation, and support for innovative clinical research in
prevalent chronic diseases.

e Part Three (March 8, 2021) will consider case studies in both discovery and clinical
research related to prevalent chronic diseases, and discuss potential cross-cutting
applications for other prevalent chronic diseases.

For additional information on this virtual workshop, please visit the main project page.

Access the Webinar for Part 2 of the Workshop
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Part 2: March 1, 2021
Opportunities in Clinical Research for Prevalent Chronic

Diseases
11:00 am - 3:00 pm ET

11:00 a.m. Welcome and Opening Remarks

CARLOS GARNER, Workshop Co-chair
Vice President, Global Regulatory Affairs
Eli Lilly and Company

ANANTHA SHEKHAR, Workshop Co-chair
Senior Vice Chancellor for Health Sciences and Dean of the School of Medicine
University of Pittsburgh

SESSION | OVERVIEW OF R&D FOR PREVALENT CHRONIC DISEASES

Session Objectives:
e Discuss the unique cross-cutting challenges facing clinical research for prevalent chronic
diseases; and
e Highlight opportunities to overcome those challenges and mobilize the R&D innovation engine.

11:10 am A Patient’s Journey
CHRISTIN VEASLEY
Co-founder and Director
Chronic Pain Research Alliance

11:25 am Mobilizing the R&D Innovation Engine
CHRONIS MANOLIS
Senior Vice President of Pharmacy
University of Pittsburgh Medical Center Health Plan

SESSION Il INVESTMENT AND FUNDING DECISIONS IN CLINICAL RESEARCH

Session Objectives:
e Discuss whether investment and cultural incentives are in alignment for spurring the type of
R&D that will address unmet need when it comes to prevalent chronic diseases; and
e Consider the factors that determine which clinical programs key decision-makers (e.g. investors,
sponsors, and researchers) decide to move forward.

11:35am Economics perspective
ELIZABETH FOWLER
Executive Vice President for Programs
Commonwealth Fund
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11:50 am

12:05 pm

12:25 pm

A Payers Perspective: Pricing and Health Economic Drivers that Incentivize
Development Investments

KEN EHLERT

Chief Scientific Officer

United Health Group

Moderated Panel Discussion and Audience Q&A

BREAK (30 mins)

SESSION 111 INNOVATIVE APPROACHES TO EFFICIENT CLINICAL DEVELOPMENT

Session Objectives:

e Discuss the unique cross-cutting challenges in clinical trials for prevalent chronic diseases (e.g.,
are the regulatory requirements predictable?);

e Brainstorm and prioritize potential strategies to decrease costs and risks for development (i.e.,
highlight innovative ways to design clinical trials); and

e Discuss ways to meaningfully engage communities and patients in clinical trials.

1:00 pm

1:15 pm

1:30 pm

Community health researcher perspective
KAREN WINKFIELD

Executive Director

Meharry-Vanderbilt Alliance

Industry (regulatory lead) perspective

MICHELLE ROHRER

Senior Vice President, Global Head of Product Development Regulatory & Policy
Roche

Regulatory perspective

JAMES P. SMITH

Deputy Director, Division of Clinical Policy, Office of New Drugs
Center for Drug Evaluation and Research

U.S. Food and Drug Administration

SESSION IV NEW TECHNOLOGIES ENABLING INNOVATIVE CLINICAL RESEARCH

Session Objectives:

e Discuss the unique cross-cutting challenges in clinical research for prevalent chronic diseases
and consider how new technologies could help researchers overcome these challenges; and

e Consider lessons learned from other disease areas where new technologies have been a key
driver of progress.

1:50 pm

Biotech perspective
GRACE COLON

Chief Executive Officer
InCarda Therapeutics
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2:05 pm

2:20 pm

2:50 pm

3:00 pm

Regulatory perspective

ELIZABETH KUNKOSKI

Clinical Methodology Team, Office of Medical Policy
U.S. Food and Drug Administration

Moderated Panel Discussion and Audience Q&A
Closing Remarks

CARLOS GARNER, Workshop Co-chair

Vice President, Global Regulatory Affairs

Eli Lilly and Company

ANANTHA SHEKHAR, Workshop Co-chair

Senior Vice Chancellor for Health Sciences and Dean of the School of Medicine

University of Pittsburgh

ADJOURN
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Half of all Americans live with at least one chronic disease, such as heart disease, cancer, stroke,
or diabetes. These and other chronic diseases are the leading cause of death and disability in the
United States and are a leading driver of health care costs. Yet investment in the leading causes
of death and disability, other than cancer, has not kept pace with the public health need. This
virtual public workshop will provide a venue for stakeholders to examine bottlenecks to
innovation in drug research and development (R&D) for prevalent chronic diseases and highlight
opportunities for spurring drug R&D in this space.

The virtual workshop will be conducted in three parts:

® Part One (February 22, 2021) discussed key opportunities and challenges for increasing
investment, broadening biospecimen collection and registry use, and supporting
innovative discovery and preclinical research in prevalent chronic diseases.

e Part Two (March 1, 2021) considered key aspects and opportunities related to
development, translation, regulation, and support for innovative clinical research in
prevalent chronic diseases.

e Part Three (March 8, 2021) will consider case studies in both discovery and clinical
research related to prevalent chronic diseases, and discuss potential cross-cutting
applications for other prevalent chronic diseases.

For additional information on this virtual workshop, please visit the main project page.

Access the Webinar for Part 3 of the Workshop
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Part 3: March 8, 2021
Case Studies in Prevalent Chronic Disease Research

11:00 am.  Welcome and Opening Remarks

CARLOS GARNER, Workshop Co-chair
Vice President, Global Regulatory Affairs
Eli Lilly and Company

ANANTHA SHEKHAR, Workshop Co-chair
Senior Vice Chancellor for Health Sciences and Dean of the School of Medicine
University of Pittsburgh

SESSION | Discovery Research Case Study: Mobilizing Communities and Resources

Session Objectives:
e Consider lessons learned in early-stage research from other disease areas and/or use cases that
could have cross-cutting applications for many prevalent chronic diseases.

o Discuss how research and patient communities have been mobilized to address
discovering treatments for some example diseases, and how those approaches led to
success.

e Brainstorm potential strategies to spur drug R&D innovation for prevalent chronic diseases (i.e.,
highlight promising avenues forward that merit additional time, effort, funding, or attention).

11:10 am Success story from cancer
SUSAN LOVE (invited)
Founder & Chief Visionary Officer
Dr. Susan Love Foundation for Breast Cancer Research

11:25 am Success story from cystic fibrosis
ROBERT COUGHLIN
Former President and CEO
Massachusetts Biotech Council

11:40 am Moderated Panel Discussion and Audience Q&A

Discussion Questions:

m How can patient advocacy affect drug research and development?

m  What can we learn from these examples about psychiatric disorders, cardiology,
or other prevalent chronic diseases?

m How might success be replicated, and what might the investment look like for
other prevalent chronic disease areas?

12:00 pm BREAK (30 mins)
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SESSION I1 Clinical Research Case Study: Analyzing Past Success

Session Objectives:
e Consider lessons learned from late-stage R&D for other disease areas and/or use cases that could
have cross-cutting applications for prevalent chronic diseases.
o Discuss examples of successful development for prevalent chronic disease treatments and
what aspects of those approaches led to success.
e Discuss potential strategies to spur drug R&D innovation for prevalent chronic diseases.

12:30 pm Introduction and overview
GRACE COLON, Moderator
Chief Executive Officer
InCarda Therapeutics

12:35 pm Digital innovation for treating prevalent chronic diseases
RAOLAT ABDULAI
Global Clinical Lead, Immunology & Inflammation
Sanofi

12:50 pm Investing in one treatment, applying to multiple diseases

ROBERT HEINE
Distinguished Lilly Scholar
Eli Lilly and Company
1:20 pm Moderated Panel Discussion and Audience Q&A

Discussion Questions:

e What options exist for trials examining multiple indications?

e How might these successes be replicated or apply in the future, and what might
the investment look like for other prevalent chronic disease areas?

e How have digital advancements changed approaches to developing treatments for
prevalent chronic diseases, and how might they affect development in the future?

SESSION 11l Recap and Potential Future Strategies

Session Objectives:

e Reflect on approaches and potential strategies to spur drug R&D innovation for prevalent
chronic diseases

1:45 pm Summary presentations by session moderators (10 mins each)
GRACE COLON
Chief Executive Officer
InCarda Therapeutics
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2:15 pm

2:50 pm

3:00 pm

BETTINA DRAKE

Professor, Washington School of Medicine

Associate Director of Community Outreach and Engagement
Alvin J. Siteman Cancer Center

HowARD B. ROSEN

Managing Director, BonVelo Ventures
Lecturer, Stanford University

SUSAN SCHAEFFER

President and Chief Executive Officer
The Patients’ Academy for Research Advocacy

Moderated Panel Discussion and Audience Q&A

Discussion Questions:

e Are there common characteristics of disease areas routinely more affected than
others by either discovery and preclinical or clinical stage research barriers?

e What cross-cutting strategies could enable investment?

e How might overall risk for stakeholders innovating in prevalent chronic disease
treatments be lowered, with an eye toward integrating policy with stimulus?

Closing Remarks

CARLOS GARNER, Workshop Co-chair
Vice President, Global Regulatory Affairs
Eli Lilly and Company

ANANTHA SHEKHAR, Workshop Co-chair
Senior Vice Chancellor for Health Sciences and Dean of the School of Medicine
University of Pittsburgh

ADJOURN
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Planning Committee Biographies

Co-CHAIRS

CARLOS GARNER, PH.D
Vice President, Global Regulatory Affairs at Eli Lilly and Company

Carlos Garner joined Eli Lilly and Company in 1997 as a senior scientist where he led a laboratory investigating the drug
metabolism, pharmacokinetics and pharmacodynamics of new chemical entities in animal models and humans. His work in
these areas supported the advancement of many innovative molecules into human testing, late clinical development, and the
commercialization of a unique long-acting form of a top selling anti-psychotic. Dr. Garner subsequently served as senior
director of project management and research strategy overseeing the development of more than 50 programs in discovery and
development and providing portfolio strategy and management to Lilly Research Laboratories.

Dr. Garner previously led the North American regulatory affairs support of Lilly’s Biomedicines development and product
portfolio across neuroscience, musculoskeletal, urology, men’s health, cardiovascular, and immunology diseases, where his
team brought a number of NMEs and NBE to market and supported the broad portfolio of marketed products. Dr. Garner
currently leads the broader regulatory function for Eli Lilly and Company supporting all human health business units and
global manufacturing. Dr. Garner has published many scientific articles on his research and has been invited to provide
national and international lectures on his research, drug discovery, drug development and regulatory sciences. Dr. Garner
holds a bachelor’s degree in Chemistry from Auburn University and master’s and doctorate degrees from Vanderbilt
University.

ANANTHA SHEKHAR, PH.D.
Senior Vice Chancellor for Health Sciences and Dean of the School of Medicine, University of Pittsburgh

Anantha Shekhar is senior vice chancellor for the health sciences and John and Gertrude Petersen Dean of the School of
Medicine at the University of Pittsburgh. He is a nationally recognized educator, researcher, and entrepreneur with major
contributions in medicine and life sciences. Dr. Shekhar’s career has spanned more than three decades at Indiana University
School of Medicine (IUSM) and Indiana University Health before he began his leadership roles at the University of
Pittsburgh in June 2020.

Dr. Shekhar’s areas of expertise include basic and clinical research on the effects of stress, stress-induced psychiatric and
medical conditions, and clinical psychopharmacology. His laboratory has developed some of the best translational models for
panic and related anxiety disorders. His work focuses on the role of brain abnormalities that could lead to stress and
psychiatric disorders and to the discovery of new treatments. He has directed phase I and phase 11 studies in healthy and
diseased populations and biomarker studies using physiological and brain imaging methods. Dr. Shekhar has also initiated
several Investigational New Drug applications; and he has conducted many pharmacokinetic, pharmacogenetic, and phase IlI
studies of novel compounds in the treatment of anxiety, depression, schizophrenia, and bipolar disorders.

Dr. Shekhar, who was born in India, earned his medical degree at St. John’s Medical College and Ph.D. in neuroscience at
Indiana University.
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MEMBERS

MELINDA BUNTIN, PH.D.
Mike Curb Professor and Chair of Health Policy, Vanderbilt School of Medicine

Melinda Buntin joined Vanderbilt School of Medicine in 2013 as professor and founding chair of the Department of
Health Policy, and in March 2018 was appointed the Mike Curb Chair for Health Policy.

She was previously a Health Director at the Congressional Budget Office where she evaluated legislative proposals and
directed studies related to health care financing, including reports on prescription drugs under Part D, beneficiaries dually
eligible for Medicare and Medicaid, and care coordination demonstrations. Prior to that, Dr. Buntin was deputy director of
RAND Health’s Economics, Financing, and Organization Program, director of Public Sector Initiatives for RAND Health,
and co-director of the Bing Center for Health Economics. Her research at RAND focused on insurance benefit design,
health insurance markets, provider payment, and the care use and needs of the elderly.

Dr. Buntin’s work at Vanderbilt is focused on health care delivery and costs, with an emphasis on improving the value
created by the health care system. She is also co-leading the Vanderbilt Policies 4 Action Research Hub, which is
conducting research on ways to improve the health and education outcomes of low-income children. Dr. Buntin is an
elected member of the National Academy of Medicine for which she currently serves on the Board on Health Care
Services, and of the National Academy of Social Insurance. She is also the deputy editor of the new JAMA Health Forum,
which launched in January 2020.

Dr. Buntin has an AB from the Woodrow Wilson School at Princeton and a Ph.D. in Health Policy with a concentration in
economics from Harvard.

GRACE E. COLON, PH.D.
Chief Executive Officer, InCarda Therapeutics, Inc.

Dr. Coldon brings over 25 years of experience in biopharma, genomics, healthcare and industrial biotechnology. In
addition to her role at InCarda, she is Executive Chairman (formerly CEO) of ProterixBio, and serves on the boards of
CareDx (NASDAQ:CDNA) and Cocoon Biotech and on the Advisory Board of the Miller Center for Social
Entrepreneurship at Santa Clara University. Formerly, she was a partner at New Science Ventures, a New York based
venture capital firm with over $700M under management, and served on the boards of Paradigm Diagnostics and
PerceptiMed.

Previously, she co-founded Pyranose Biotherapeutics, a biologics discovery platform company. She was also founding
President of the Industrial Products Division at Intrexon Corporation, where she established a new division focused on
leveraging synthetic biology for bioindustrial applications such as biofuels and renewable chemicals. Prior to Intrexon,
she was head of Clinical Operations for Gilead Sciences, where she was responsible for global execution of clinical trials.
She also created and led both the Alliance Management and Commercial Strategic Planning groups. Prior to Gilead, she
was VP, Corporate Planning at Affymetrix, where she was responsible for strategic planning and project management and
where she also served as COO for the International Genomics Consortium, a non-profit medical research organization
focused on cancer genomics. Earlier in her career she was a consultant with McKinsey & Co., where she served clients in
healthcare, biotech, high tech and venture capital. She was also an engineer with Merck & Co. in France and in Rahway,
NJ.

Dr. Colon received her Ph.D. in chemical engineering from the Massachusetts Institute of Technology, where she was an
NSF Fellow. She also holds a B.S. degree in chemical engineering from the University of Pennsylvania, where she was a
Benjamin Franklin Scholar.

BETTINA F. DRAKE, PH.D., MPH.
Professor, Division of Public Health Sciences, Washington University School of Medicine
Associate Director of Community Outreach and Engagement, Alvin J. Siteman Cancer Center

Bettina F. Drake is a professor of surgery, at Washington University School of Medicine and Siteman Cancer Center. As
an epidemiologist, her research has focused on identifying preventive strategies to reduce health disparities in cancer and
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other chronic disease outcomes. In addition, she co-leads the Prostate Cancer Community Partnership, a community
partnership of PECaD, which seeks to reduce prostate cancer disparities in the region. She is most interested in how her
community-based work informs and strengthens her epidemiology findings. Information gained from community-based
studies informs both study design and recruitment strategies. In turn, the results of the cancer prevention work can be
disseminated in collaboration with community partners. Dr. Drake also teaches Intermediate Clinical Epidemiology in the
Master of Population Health Sciences program.

Dr. Drake earned her PhD in epidemiology at the University of South Carolina Arnold School of Public Health and
completed postdoctoral studies at the T.H. Chan Harvard School of Public Health.

ALYSON KARESH, M.D.
Director, Division of Clinical Trial Quality, Center for Drug Evaluation and Research, FDA

Alyson Karesh is a physician with twelve years of pharmaceutical lifecycle experience at the United States Food and Drug
Administration. Her expertise includes clinical trials and observational studies which acquire real-world data and generate
real-world evidence for decision making, quality management systems, good clinical practice requirements, pediatric and
rare disease drug development, including regulatory requirements and practical strategies. Dr. Karesh earned her M.D.
from the Virginia Commonwealth University School of Medicine and completed her residency in pediatrics at the
Children’s Hospital of Pittsburgh.

CHRONIS MANOLIS, RPH
Senior Vice President, Pharmacy; Chief Pharmacy Officer, UPMC Health Plan

Mr. Manolis oversees the pharmacy programs for the Health Plan's Medicare, Medical Assistance, and commercial
products. Mr. Manolis has more than 30 years of experience in the pharmacy and managed care industry. He previously
held management positions with Medco Health Solutions and Stadtlanders Specialty Pharmacy Services. Mr. Manolis is
also an adjunct instructor at the University of Pittsburgh School of Pharmacy. He holds a bachelor’s degree in pharmacy
from the University of Pittsburgh.

PHYLLIS PETTIT NASSI, MSW
Associate Director Research & Science, Special Populations
Huntsman Cancer Institute, University of Utah

Phyllis Pettit Nassi, MSW, of Salt Lake City, UT, is enrolled in the Otoe-Missouri Tribe and is a member of the Cherokee
Nation. She is manager, special populations, at Huntsman Cancer Institute, University of Utah, Salt Lake City. The
program's goal is to educate American Indian/Alaska Natives (Al/AN) about how to protect themselves from cancer and
participate in research. Ms. Pettit Nassi's focus, in addition to education, prevention and screening, is on bridging the
research gap. It is her goal to empower Indian communities by listening to their concerns and providing researchers with
the opportunity to directly communicate to the tribes. She travels to Point Hope Alaska, 150 miles north of the Arctic
Circle to the high desert in Northern Arizona and the pueblos in New Mexico, meeting with Indian sisters and brothers to
talk about cancer. Ms. Pettit Nassi received her Geology/Anthropology degree from Southern Oregon University, was a
research assistant at the University of Nairobi, Institute of African Studies from 1977-1979, completed her Masters of
Social Work in 2006 and is currently a Ph. D. student at the University of Utah, College of Social Work.

HOWARD B. ROSEN, MBA
Managing Director, BonVelo Ventures; Lecturer, Stanford University

Howie Rosen is an independent consultant and serves on the board of directors of AcelRx Pharmaceuticals, Inc.
(NASDAQ: ACRX), ALCOBRA, LTD (NASDAQ: ADHD), where he has served as Chairman since 2014, ALDEA
Pharmaceuticals, Inc., Entrega, Inc., Kala Pharmaceuticals, Inc., where he has served as Chairman since 2014 and
PaxVax, Inc., where he has served as Chairman since 2011. From 2004 to 2008, he was Vice President, Commercial
Strategy at Gilead Sciences, Inc. where his responsibilities included strategic marketing, global brand management, health
economics, competitive intelligence, market research and Gilead’s overall portfolio and business planning.

Prior to joining Gilead, Mr. Rosen was President of ALZA Corporation where he was responsible for all aspects of
managing ALZA as an independent 1000-person operating company within the Johnson & Johnson Family of Companies.
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Previously at ALZA as Vice President, Product Development, he was responsible for product development activities,
portfolio management and corporate and new product planning. Over his 10 years at ALZA, Mr. Rosen also had
responsibilities for mergers and acquisitions, R&D planning, and technology ventures. Prior to joining ALZA, Mr. Rosen
managed the west coast practice of Integral, Inc., was Director, Corporate Development at GenPharm International, Inc.
and was a consultant in the San Francisco office of McKinsey & Co. Mr. Rosen was a member of the Stanford University
Advisory Council on Interdisciplinary Biosciences from 2003 to 2011 and the Stanford School of

Engineering Advisory Council from 2004 to 2007. Mr. Rosen is a member of the Biomedical Engineering Advisory Board
at City College of New York and the BOD of the MIT Club of Northern California. Previously he was a member of the
BODs of CNS Therapeutics, Inc., CoTherix, Inc., NTF Therapeutics, Inc., Pearl Therapeutics, Inc., where he served as
interim President and CEO from June 2010 to March 2011, and Pharsight Corporation.

Mr. Rosen is a Lecturer in the Department of Chemical Engineering at Stanford and a Lecturer in Management at the
Stanford Graduate School of Business. He is also a member of the National Academy of Engineering (NAE), where he is
Chair of the Bioengineering Section, and a Fellow of the American Institute for Medical and Biological Engineering
(AIMBE). He is co-inventor on 7 US patents. Mr. Rosen received an MBA from the Stanford Graduate School of
Business, where he graduated first in his class as the Henry Ford Il Scholar. Mr. Rosen has an MS in Chemical
Engineering from MIT and he graduated with distinction from Stanford University with a BS in Chemical Engineering.

SUSAN SCHAEFFER, BFA
President and CEO, The Patients’ Academy for Research Advocacy

Susan Schaeffer founded The Patients’ Academy for Research Advocacy in 2018 after spending 15 years informing and
educating biopharma industry stakeholders on best practices and new thinking in clinical development, regulation, pricing,
and market access.

In 2002 Ms. Schaeffer dedicated her career to learning about and improving drug development after the loss of a close
friend to breast cancer at a very early age. She joined the biopharmaceutical industry journal BioCentury as a staff writer
in 2003, with no background in science or the biopharmaceutical industry, learning about the business and science of
developing drugs by interviewing CEOs and scientists about their work. Ms. Schaeffer became managing editor of
BioCentury and the daily news digest BioCentury Extra in 2004, led BioCentury’s Product Discovery & Development
coverage as senior editor from 2010 through 2012, and took the helm of the publication in 2012. As chief editor, Ms.
Schaeffer became an early champion of patient-centered R&D as an essential practice for translating great science into
medicines that patients really want and society will pay for. Her work has been cited in regulatory filings and has
influenced global biopharmaceutical companies to begin working on pricing experiments that can improve access to
healthcare innovation.

In January 2020, Ms. Schaeffer was appointed as member of the Forum on Drug Discovery, Development, and
Translation, a group of leaders organized by the The National Academies of Sciences, Engineering, and Medicine to
address issues related to drug R&D. She is a frequent speaker at private and public meetings, including the annual BIO
International Convention, The Leaders in Global Health and Technology (LIGHT) Forum, the rEVOLUTION Symposium
for CSOs, and the Milken Institute’s Future of Health Summit. She holds a BFA in Painting from the San Francisco Art
Institute.

AMIR TAMIZ, PH.D.
Director, Division of Translational Research, National Institute of Neurological Disorders and Stroke, National Institutes
of Health

Amir Tamiz is the Director of the Division of Translational Research at the National Institute of Neurological Disorders
and Stroke (NINDS). Prior to that he was a program director overseeing the NIH Blueprint Neurotherapeutics network
(BPN) and Innovation Grants to Nurture Initial Translational Efforts (IGNITE). Blueprint Neurotherapeutics network is a
collaborative effort among 15 of the agency's institutes and centers, leveraging their resources to offer neuroscience
researchers grant funding for drug discovery and development activities to confront major, cross-cutting challenges in
neuroscience. The program was established as a pipeline between academic and industry drug development research and
offers neuroscience researchers a "virtual pharma" to develop promising hit compounds from chemical optimization
through Phase 1 clinical testing. Principal Investigators receive grant funding and in kind discovery and development
resources such as medicinal chemistry, APl synthesis and manufacture, formulation and drug product manufacture, IND
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enabling studies, and clinical trial capabilities. Launched in December 2014, IGNITE program is intended to create a
more contiguous source of support from discovery to preclinical development. The first two programs include: 1) Assay
Development and Therapeutic Agent Identification and Characterization to Support Therapeutic Discovery (PAR-15-
070) and 2) Pharmacodynamics and In vivo Efficacy Studies for Small Molecules and Biologics/Biotechnology Products
(PAR-15-071). Prior to joining NIH in 2012, Dr. Tamiz had held scientific and management positions in research and
development of therapeutic programs at Corvas International (acquired by Dendreon), CovX (now part of Pfizer), and
Alba Therapeutics. Dr. Tamiz received his Ph.D. at University of Oregon and conducted postdoctoral research at the
Department of Neuroscience at Georgetown University Medical Center.
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The National
Academies of

Innovation in Drug Research and Development for Prevalent
Chronic Diseases

A Three-Part Virtual Workshop — Part 1
Speaker Biographies

SPEAKERS

Q1 L1u, PH.D., is a Senior Science Advisor in the Office of Clinical Pharmacology (OCP), FDA. At FDA, Dr. Liu
contributed to the review of over 200 NDA/sNDA, 20 BLA/sBLA, and numerous IND. Dr. Liu co-authored about 40
manuscripts and presented on many topics at Advisory Committee meetings and scientific conferences. She worked on
several working groups for FDA guidances and Manual of Policies & Procedures development. Dr. Liu is the lead of OCP’s
Innovative Data Analytics program and was the vice chair of the OCP Biologics Oversight Board. Dr. Liu is on the editorial
board of CTS, CPT and the AAPS Journal. Before joining FDA, Dr. Liu was a senior pharmacokineticist at Merck. She
obtained a Ph.D. in Pharmaceutics and a Master's degree in Statistics from the University of Florida.

JASON MELLAD, PH.D., is a scientist entrepreneur passionate about translating innovative technologies into more effective
therapies and better patient outcomes. He founded Start Codon to identify and recruit high-potential and disruptive
healthcare startups worldwide, seed fund them, and leverage the exceptional resources of the Cambridge (UK) Cluster with
an aim to minimise risk and drive their success. Previously, Dr. Mellad was CEO of Cambridge Epigenetix which has
developed a proprietary epigenetic biomarker discovery platform for the development of new diagnostic assays and the
identification of novel drug targets.

While at Cambridge Epigenetix, he transformed the research tools company into a leading liquid biopsy player and led two
successful fundraises (Series B and C) for a total of $49.8m. Dr. Mellad was awarded a Marshall Scholarship to obtain his
PhD in Medicine from the University of Cambridge with a focus on the molecular mechanisms regulating vascular
remodelling within coronary artery bypass grafts.

JosepH P. MENETSKI, PH.D., is Associate Vice President of Research Partnerships and Director of the Biomarkers
Consortium at the Foundation for the National Institutes of Health. Dr. Menetski received his Ph.D. from Northwestern
University Medical School with Dr. Stephen Kowalczykowski and completed his post-doctoral training at the Laboratory
of Molecular Biology, National Institutes of Health (NIH/NIDDK) with Dr. Martin Gellert. He then started his career in
industry in 1993 in the Immunopathology Department at Parke-Davis (later Pfizer), where he established a discovery
research program in cellular inflammation that eventually transitioned to the molecular study of osteoarthritis. Joseph moved
to Merck in 2004. His first position was in the department of Immunology where he was involved in the osteoarthritis new
targets and biomarker program. While at Merck he was a member of the Molecular Profiling group, the Knowledge
Discovery and Knowledge Management group and finally a Director in Global Competitive Intelligence. Over the years, he
has been a key contributor to many basic research and clinical programs in the areas of arthritis, sarcopenia, osteoporosis
and asthma. He has served as a core research team member on several external basic research projects for identification of
new targets and molecular biomarkers. His industry research and development experiences include target identification,
compound selection, translational biomarker identification, clinical study design and analysis, and external scientific
collaborations. In the commercial space, he has been intimately involved in opportunity and asset identification and
qualification, and in assessing the competitive landscape of disease areas that he is supporting. During this time, he has been
recognized by multiple research and development awards for his contributions.
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JOHN J. NGAI, PH.D., is the Director of the NIH’s Brain Research through Advancing Innovative Neurotechnologies
(BRAIN®) Initiative. Dr. Ngai earned his bachelor’s degree in chemistry and biology from Pomona College, Claremont,
California, and Ph.D. in biology from the California Institute of Technology (Caltech) in Pasadena. He was a postdoctoral
researcher at Caltech and at the Columbia University College of Physicians and Surgeons before starting his faculty position
at the University of California at Berkeley. During more than 25 years as a Berkeley faculty member, Dr. Ngai has trained
20 undergraduate students, 24 graduate students and 15 postdoctoral fellows in addition to teaching well over 1,000 students
in the classroom. His work has led to the publication of more than 70 scientific articles in some of the field’s most prestigious
journals and 10 U.S. and international patents. Dr. Ngai has received many awards including from the Sloan Foundation,
Pew Charitable Trusts, and McKnight Endowment Fund for Neuroscience. As a faculty member, Dr. Ngai has served as the
director of Berkeley’s Neuroscience Graduate Program and Helen Wills Neuroscience Institute. He has also provided
extensive service on NIH study sections, councils and steering groups, including as previous co-chair of the NIH BRAIN®
Initiative Cell Census Consortium Steering Group. Dr. Ngai will oversee the long-term strategy and day-to-day operations
of the NIH BRAIN Initiative as it takes on the challenges of the next five year plan.

Russ PAULSEN, M.A., is the Chief Operating Officer of UsAgainstAlzheimer’s and UsAgainstAlzheimer’s Action, which
bring all of us together to win the fight against Alzheimer’s disease and related dementias. As COO, Mr. Paulsen leads the
program, fundraising, finance, and government relations and policy teams.

Before joining UsAgainstAlzheimer’s, Mr. Paulsen held executive positions at the United Way and the American Red Cross,
working on nationwide challenges in social service and public health. His team helped tens of thousands across the Gulf
Coast and created the model for Red Cross long-term recovery programs when he headed up recovery after Hurricane
Katrina. Then, the public health campaign his team created around reduction of deaths and injuries from home fires has
saved more than 800 lives and made more than 870,000 American homes safer since 2014. An Illinois native, Mr. Paulsen
currently lives with his family in suburban Washington, DC.

ANDREW RADIN, M.S., is chief executive officer and co-founder of twoXAR Pharmaceuticals. Prior to co-founding
twoXAR, Mr. Radin held Chief Technology Officer roles at several early stage companies where he managed teams as large
as a hundred technologists distributed around the world. Mr. Radin developed the company's proprietary algorithm and as
Chief Executive Officer is focused on overall company strategy, product development and fundraising. Mr. Radin studied
biomedical informatics in Stanford University's SCPD graduate program and holds Master of Science and Bachelor of
Science degrees in Computer Science from Rochester Institute of Technology.

ERICA WOODAHL, PH.D., is a Professor in the Department of Biomedical and Pharmaceutical Sciences in the Skaggs
School of Pharmacy at the University of Montana. Dr. Woodahl received a B.S. in Biochemistry at the University of Notre
Dame in 1998 and a Ph.D. from the Department of Pharmaceutics at the University of Washington in 2004. She completed
a postdoctoral fellowship in clinical pharmacokinetics at the Fred Hutchinson Cancer Research Center in Seattle,
Washington. She joined the faculty at the University of Montana in 2007 as an Assistant Professor, and was promoted to
Associate Professor in 2012 and Professor in 2020. Dr. Woodahl teaches pharmacokinetics and pharmacogenomics and
uses community-based participatory research to address complex and important challenges in conducting precision
medicine research with underserved populations.
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The Forum on Drug Discovery, Development, and Trans-
lation of the National Academies of Sciences, Engineering,
and Medicine was created in 2005 by the Board on Health
Sciences Policy to provide a unique platform for dialogue and
collaboration among thought leaders and stakeholders in
government, academia, industry, foundations, and patient
advocacy with an interest in improving the system of drug
discovery, development, and translation. The Forum brings
together leaders from private sector sponsors of biomedical
and clinical research, federal agencies sponsoring and regu-
lating biomedical and clinical research, the academic commu-
nity, and patients, and in doingso serves to educate the policy
community about issues where science and policy intersect.
The Forum convenes several times each year to identify, dis-
cuss, and act on key problems and strategies in the discovery,
development, and translation of drugs. To supplement the
perspectives and expertise of its members, the Forum also
holds public workshops to engage a wide range of experts,
members of the public, and the policy community. The Forum
also fosters collaborations among its members and constit-
uencies. The activities of the Forum are determined by its
members, focusing on the major themes outlined below.

INNOVATION AND THEDRUG DEVELOPMENT
ENTERPRISE

Despite exciting scientific advances, the pathway from
basic science to new therapeutics faces challenges on many
fronts. New paradigms for discovering and developing drugs
are being sought to bridge the ever-widening gap between
scientific discoveries and translation of those discoveries into
life-changing medications. There is also increasing rec-
ognition of the need for new models and methods for drug
development and translational science, and “precompetitive
collaborations” and other partnerships, including public-
private partnerships, are proliferating. The Forum offers a
venue to discuss effective collaboration in the drug discov-
ery and development enterprise and also hosts discussions
that could help chart a course through the turbulent forces of
disruptive innovation in the drug discovery and development
“ecosystem.”

Key gaps remain in our knowledge about science, tech-
nology, and methods needed to support drug discovery and
development. Recent rapid advances in innovative drug
development science present opportunity for revolution- ary
developments of new scientific techniques, therapeu- tic
products, and applications. The Forum provides a venue

to focus ongoing attention and visibility to these important
drug development needs and facilitates exploration of new
approaches across the drug developmentlifecycle. The Forum
has held workshops that have contributed to the defining and
establishment of regulatory science and have helped inform
aspects of drugregulatory evaluation.

CLINICAL TRIALS AND CLINICAL PRODUCT
DEVELOPMENT

Clinical research is the critical link between bench and
bedside in developing new therapeutics. Significant infra-
structural, cultural, and regulatory impediments challenge
efforts to integrate clinical trials into the health care delivery
system. Collaborative, cross-sector approaches can help artic-
ulate and address these key challenges and foster systemic
responses. The Forum has convened a multiyear initiative
to examine the state of clinical trials in the United States,
identify areas of strength and weakness in our current clin-
ical trial enterprise, and consider transformative strategies
for enhancing the ways in which clinical trials are organized
and conducted. In addition to sponsoring multiple symposia
and workshops, under this initiative, the Forum is fostering
innovative, collaborative efforts to facilitate needed change in
areas such as improvement of clinical trial site performance.

INFRASTRUCTURE AND WORKFORCE FORDRUG DIS-
COVERY,DEVELOPMENT, AND TRANSLATION

Considerable opportunities remain for enhancement and
improvement of the infrastructure that supports the drug
development enterprise. That infrastructure, which includes
the organizational structure, framework, systems, and
resources that facilitate the conduct of biomedical science for
drug development, faces significant challenges. The science
of drug discovery and development, and its translation into
clinical practice, is cross-cutting and multidisciplinary. Career
paths can be opaque or lack incentives such as recognition,
career advancement, or financial security. The Forum has
considered workforce needs as foundational to the advance-
ment of drug discovery, development, and translation. It has
convened workshops examining these issues, including
consideration of strategies for developing a discipline of
innovative regulatory science through the development of a
robust workforce. The Forum will also host an initiative that
will address needs for a workforce across the translational
sciencelifecycle.

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Therapeutic Development in the Absence of Predictive
Animal Models of Nervous System Disorders

Proceedings of a Workshop (2017)

Description

Compared with other disease areas, central nervous system (CNS) disorders have had
the highest failure rate for new compounds in advanced clinical trials. Most CNS drugs
fail because of efficacy, and the core issue underlying these problems is a poor
understanding of disease biology. Concern about the poor productivity in neuroscience
drug development has gained intensity over the past decade, amplified by a retraction in
investment from the pharmaceutical industry. This retreat by industry has been fueled
by the high failure rate of compounds in advanced clinical trials for nervous system
disorders.

In response to the de-emphasis of CNS disorders in therapeutic development relative to
other disease areas such as cancer, metabolism, and autoimmunity, the National
Academies of Sciences, Engineering, and Medicine initiated a series of workshops in
2012 to address the challenges that have slowed drug development for nervous system
disorders. Motivated by the notion that advances in genetics and other new
technologies are beginning to bring forth new molecular targets and identify new
biomarkers, the Academies hosted the third workshop in this series in September 2016.
Participants discussed opportunities to accelerate early stages of drug development for
nervous system disorders in the absence of animal models that reflect disease and
predict efficacy. This publication summarizes the presentations and discussions from
the workshop.

To access the full text of this workshop proceedings, see
https://www.nap.edu/catalog/24672/therapeutic-development-in-the-absence-of-
predictive-animal-models-of-nervous-system-disorders.
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Financial Incentives to Encourage Development of
Therapies That Address Unmet Medical Needs for
Nervous System Disorders

Workshop Summary (2015)

Description

The Institute of Medicine (IOM) Forum on Neuroscience and Nervous System
Disorders, in collaboration with the IOM Forum on Drug Discovery, Development, and
Translation, convened a workshop on January 20-21, 2015, to explore policy changes
that might increase private sector investment in research and development innovation
that fills unmet medical needs for central nervous system (CNS) disorders. Workshop
participants strategized about how to incentivize companies to fortify their CNS drug
development programs, shrinking obstacles that currently deter ventures.
Representatives from academia, government agencies, patient groups, and industry
gathered to share information and viewpoints, and to brainstorm about budget-neutral
policy changes that could help widen the pipeline toward drugs that address unmet
needs for CNS disorders. This report summarizes the presentations and discussion of
the workshop.

To access the full text of this workshop summary, see
https://www.nap.edu/catalog/21732/financial-incentives-to-encourage-development-of-
therapies-that-address-unmet-medical-needs-for-nervous-system-disorders.
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Circulation: Cardiovascular Quality and Outcomes

ERONTIERS IN CARDIOVASCULAR QUALITY AND OUTCOMES 6P

Improving Cardiovascular Drug and Device
Development and Evidence Through Patient-

Centered Research and Clinical Trials

A Call to Action From the Value in Healthcare Initiative’s Partnering With Regulators

Learning Collaborative

ABSTRACT: The pipeline of new cardiovascular drugs is relatively limited
compared with many other clinical areas. Challenges causing lagging
drug innovation include the duration and expense of cardiovascular
clinical trials needed for regulatory evaluation and approvals, which
generally must demonstrate noninferiority to existing standards of care
and measure longer-term outcomes. By comparison, there has been
substantial progress in cardiovascular device innovation. There has also
been progress in cardiovascular trial participation equity in recent years,
especially among women, due in part to important efforts by Food

and Drug Administration, National Institutes of Health, American Heart
Association, and others. Yet women and especially racial and ethnic
minority populations remain underrepresented in cardiovascular trials,
indicating much work ahead to continue recent success. Given these
challenges and opportunities, the multistakeholder Partnering with
Regulators Learning Collaborative of the Value in Healthcare Initiative,

a collaboration of the American Heart Association and the Robert J.
Margolis, MD, Center for Health Policy at Duke University, identified how
to improve the evidence generation process for cardiovascular drugs
and devices. Drawing on a series of meetings, literature reviews, and
analyses of regulatory options, the Collaborative makes recommendations
across four identified areas for improvement. First, we offer strategies to
enhance patient engagement in trial design, convenient participation,
and meaningful end points and outcomes to improve patient recruitment
and retention (major expenses in clinical trials). Second, new digital
technologies expand the potential for real-world evidence to streamline
data collection and reduce cost and time of trials. However, technical
challenges must be overcome to routinely leverage real-world data,
including standardizing data, managing data quality, understanding
data comparability, and ensuring real-world evidence does not worsen
inequities. Third, as trials are driven by evidence needs of regulators

and payers, we recommend ways to improve their collaboration in trial
design to streamline and standardize efficient and innovative trials,
reducing costs and delays. Finally, we discuss creative ways to expand
the minuscule proportion of sites involved in cardiovascular evidence
generation and medical product development. These actions, paired
with continued policy research into better ways to pay for and equitably
develop therapies, will help reduce the cost and complexity of drug and
device research, development, and trials.

Circ Cardiovasc Qual Outcomes. 2020;13:e006606. DOI: 10.1161/CIRCOUTCOMES.120.006606
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Warner et al; Improving CV Therapy Development and Evidence

portant given the significant burden of cardiovas-

cular diseases (CVDs) in America. Over 18 million
people have CVD; CVDs cause roughly a quarter of
deaths nationally,"? and unmet need remains in CVD
care (especially risk reduction®). Furthermore, there are
significant sociodemographic inequities, with older
adults, those with lower education, racial or ethnic mi-
nority groups, and rural residents disproportionately af-
fected. For example, individuals living in rural settings
have higher age-adjusted CVD death rates relative to
urban counterparts.*?

The pipeline of new cardiovascular drugs in the
United States is relatively limited compared with many
other specialties, partially due to the complexity and
cost of evidence generation.'® There has been substan-
tial growth in the pipeline for cardiovascular medical
devices, however, with products for minimally invasive
surgery, heart health tracking, interventional products
for restoring heart rhythm and reviewing blockages,
and wearables.

Although drugs and medical devices are approved
under different regulatory regimes and face different
evidence generation challenges, both could benefit
from increased patient participation in clinical trials
and patient engagement in clinical trial design and end
point selection, better leveraging real-world evidence,
ensuring clinical trial evidence meets the needs of regu-
lators and payers, and expanding the number of health
care organizations involved in clinical trials.

Many of these issues are broad-based challenges for
all stages of drug and device research, development, and
trials—but cardiology may be poised to address them
with population health impact. First, given that CVD
is the leading cause of death and significantly affects
quality of life for years before death, cardiology is an
impactful testbed for population-level improvements
in drug and device research, development, and clinical
trials. Second, cardiology is well-suited to capitalize on
data generation capabilities of current digital technolo-
gy. Smartphones, for example, are widely (and relatively
equitably) available.” Although they have limited ability
to generate clinically meaningful data in most medical
fields, they can capture data relevant to cardiology (eg,
physical activity tracking, heart rate, rhythm monitoring).

This article describes the efforts and vision for improv-
ing the cardiovascular medical product pipeline of the
Partnering with Regulators Learning Collaborative of
The Value in Healthcare Initiative,’® a collaboration of
the American Heart Association (AHA) and the Robert J.
Margolis, MD, Center for Health Policy at Duke Univer-
sity. The Learning Collaborative is comprised of diverse
stakeholders: patients, clinicians (including cardiolo-
gists), health systems, clinical research organizations,
academia, government, professional associations, pay-
ers, and industry.

Biomedical innovation in cardiovascular care is im-
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The Collaborative developed short- and long-term
recommendations (summarized in Tables 1 and 2) to
expand cardiovascular drug and device innovation by
improving the clinical research and clinical trial process.
To do so, they reviewed peer-reviewed and gray litera-
ture, analyses of regulatory options, and insights from
the expert multistakeholder Collaborative. The recom-
mendations center on improving patient engagement
and patient-centeredness of trials; expanding use of real-
world evidence (RWE), ensuring trial evidence meets the
needs of multiple stakeholders, including regulators and
payers; and expanding the network of health care orga-
nizations participating in cardiovascular clinical research.

UNEVEN STATE OF CARDIOVASCULAR
DRUG AND DEVICE INNOVATION AND
EVIDENCE GENERATION

The stark contrast between therapeutic development
for CVD and cancer, the leading and second leading
causes of death nationally, exemplifies CVD’s lagging
pipeline. Fewer than 8% of =7300 drugs in develop-
ment in the United States in 2017 addressed cardio-
vascular conditions.’®? From 1996 to 2015, only 40
cardiovascular-related substances entered the market
compared with 110 new oncological substances. Over-
all development of oncology-focused drugs or biologic
products was nearly 7x greater.'%13.14

Lagging drug innovation is partially due to challeng-
es in evidence generation. One estimate put the cost
of a single, pivotal cardiovascular clinical trial at $157
million—6x most other disease areas.”™ Moreover, there
is a high chance the product will not make it to market;
one study estimated only 1 in 4 cardiovascular drugs
that make it to phase 1 trials are approved by the Food
and Drug Administration (FDA).'®

Cardiovascular evidence generation is more expensive
than other specialties for several reasons. Their clinical tri-
als require longer timeframes, more substantial data col-
lection, and a larger number of participants relative to
most other fields.’®'”'® Many promising intermediary car-
diovascular outcomes and biomarkers have failed to accu-
rately predict clinical outcomes (even validated biomarkers
for blood pressure and cholesterol are not good predic-
tors of treatment side effects).” Additionally, because in
many cases there are beneficial treatments already on the
market, trials must demonstrate noninferiority or superi-
ority to current standards of care (often requiring longer,
multi-arm trials) in addition to standard requirements of
safety and efficacy compared with no treatment to qualify
for additional payment. Some evidence suggests that car-
diovascular trials are beginning to leverage more pragmat-
ic trial methods,?° but high costs are still normal.

In contrast to the drug pipeline, investment in medi-
cal devices for cardiovascular use has grown substantially.
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Table 1. Short-Term Actions to Improve the Research and Trial Process for Cardiovascular Drugs and Devices

Establishing a more collaborative and inclusive research process

Conceptualizing and realizing opportunities for patient involvement. The FDA should recommend industry’s pretrial Research and Development design

include patients from a variety of backgrounds and perspectives.

Ensuring outcomes used in end points are meaningful to patients.

The FDA's PFDD should expand its reach to multiple cardiovascular conditions.

The AHA should build from PFDD infrastructure to create its own patient-centered cardiovascular therapy development forum.

Using new tools to enable convenient recruitment and participation. The AHA and FDA should focus their trial innovation convening efforts on how
equitable use of technologies, including smartphones, wearables, and artificial intelligence, may streamline diverse participant recruitment and accessible

“site-less” cardiovascular trials.

Expanding the research community network. The AHA should work to identify and actively connect community-based organizations, including patient
advocacy groups, to the investigators, health systems, and hospitals participating in trials and expand their availability in underserved areas.

Developing a cardiovascular core outcome set. The AHA should work with FDA to build from the Clinical Outcome Assessment Compendium and develop a

cardiovascular core outcome set.

Allowing patients to own, use, and share their trial data. The AHA and FDA should operationalize sharing trial data with patients, including bring your own

device designs.

Leveraging real-world evidence and data to improve biomedical innovation

Using technology and real-world data to assess and improve currently licensed cardiovascular drugs and devices.

The AHA and FDA should focus their trial innovation convening efforts on how to use technology and patient data to streamline and enhance phase IV

studies’ patient-centricity.

The NHLBI should fund implementation science studies on cardiovascular therapy adherence, including strategies related to decision aids and

communicating risks and benefits.

The FDA should provide guidance on equitable use of smart devices and other personal technologies in trials, which may include the direct provision of

devices to patients.

Standardizing cardiovascular real-world data. The AHA and FDA should develop clear guidelines for obtaining and analyzing cardiovascular real-world data
and transforming them into real-world evidence acceptable in cardiovascular clinical trials.

Ensuring clinical trials meet the evidence needs of regulators and payers

Including industry and researchers in trial design innovation.

The FDA/CDER should develop a forum similar to FDA/CDRH's Payor Communication Task Force where stakeholders can get feedback on a new drug

submission.

The AHA should create a regular convening for industry, researchers, and other stakeholders to meet with the FDA and other regulators affecting research
or implementation (eg, NIH, Centers for Medicare & Medicaid Services). This convening may focus on barriers to innovation and ideas for innovative design

and may not be specific to a particular therapy application.

Creating cardiac research collaboratives of excellence

Better capturing trial successes by creating cardiac research collaboratives of excellence. The AHA should work with the NHLBI to create a program to
recognize regional collaboratives of clinics, health systems, community-based organizations, and other relevant stakeholder groups with a demonstrated

track record of successful cardiovascular trials.

Engaging a broader network of providers in research by creating a community cardiovascular research program. The AHA should create a research network
to boost provider engagement in cardiovascular clinical trials, with a focus on community-based providers and underserved populations (similar to the

National Cancer Institute’s Community Oncology Research Program).

AHA indicates American Heart Association; CDRH, Center for Devices and Radiological Health; FDA, Food and Drug Administration; NHLBI, National Heart,
Lung, and Blood Institute; NIH, National Institutes of Health; and PFDD, Patient-Focused Drug Development.

The global market for cardiovascular devices is expected
to expand from $42.4 billion in 2017 to $59.1 billion in
2022,2" and? potentially $121 billion by 2024, driven pri-
marily by surgical, diagnostic, and monitoring devices.?
Hundreds of premarket approvals?' and 510(k) clearances
were filed in 2019. Continued innovation in minimally inva-
sive surgery,?* advances in electronic and digitally enabled
devices, and smart wearable devices and other technolo-
gies to measure cardiac function?* all drive development.
Additionally, significant evidence generation over
the past decade has fueled the robust medical device
pipeline. Data on clinicaltrials.gov as of early 2020
show a steady increase in cardiovascular device tri-
als: 147 in 2010, 233 in 2015, and 253 in 2019. In
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2015 alone, 115 randomized control trials investigating
effects of therapeutic cardiovascular medical devices
were published in academic journals.?® Additionally,
strong patient registries, most often funded privately
by academic institutions,?” contribute to the depth of
opportunity for research and investment.

INNOVATION CHALLENGES FOR
CARDIOVASCULAR DRUGS

Patient participation in cardiovascular trials is low.?® One
study found trial participation by eligible acute myocar-
dial infarction patients in a national registry declined
from 5.2% in 2008 to 3.4% in 2011,?° and another of
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Table 2. Long-Term Strategies to Improve the Cardiovascular Drug and Device Pipeline

Establishing a more collaborative and inclusive research process

Conceptualizing and realizing opportunities for patient involvement. The NIH (particularly NHLBI) should have a diverse committee of patients advise their
grant offerings for patient-centric research.

Ensuring outcomes used in end points are meaningful to patients.

The NIH (especially NHLBI) and other funders should support research to develop patient-centered cardiovascular outcomes for use in trials.

Existing cardiovascular registries (eg, for hypertension) should capture patient-centered and patient-generated health data.

Leveraging real-world evidence and data to improve biomedical innovation

Using technology and real-world data to assess and improve currently licensed cardiovascular drugs and devices.

The NHLBI should dedicate research funding to learn how to use smartphones, wearables, artificial intelligence, and other technologies to improve
medication adherence and uptake of current cardiovascular drugs and devices, especially in underserved populations.

The FDA should place a higher weight on patient-centered end points and quality of life metrics in all clinical trial phases.

Standardizing cardiovascular real-world data. The NHLBI should dedicate research funding for implementation science studies to learn to scale interventions
directly importing cardiovascular data from patients’ third-party apps into electronic health records for clinicians and into trial portals as evidence.

Developing innovative, affordable, and equitably available personal technologies for cardiovascular trial use. The AHA and FDA should focus longer-term trial
innovation efforts on working with industry and technology companies to encourage production of inexpensive wearables/smartphones capable of biometric

data collection.

Creating cardiac research collaboratives of excellence

Expanding the research community network.

The FDA should consider stronger and broader recommendations that women and racial and ethnic minorities be equitably included in trials.

The AHA and FDA should focus longer-term trial innovation convening efforts on how to make recruitment, participation, and retention more equitable
and culturally competent, including how to build better trust in the medical and research establishment, and how to better include underserved rural and

urban community settings.

AHA indicates American Heart Association; FDA, Food and Drug Administration; NHLBI, National Heart, Lung, and Blood Institute; and NIH, National Institutes

of Health.

the same population has even lower estimates, most
recently 0.8% participation through 2014.%° Enrollment
is especially limited for high-risk groups such as elderly
and rural patients®'3? because these groups face mul-
tiple logistical barriers to participating in trials.

Low patient participation can also lead to unmet
enrollment targets, which can contribute to the failure
of a trial, either from a lack of participants or the inabil-
ity to demonstrate efficacy due to a small sample size.
For example, in the AleCardio trial (a large, internation-
al, phase Ill cardiovascular clinical trial), only 18.2% of
sites met enrollment targets, and 10% closed before
the end of recruitment, mostly because they failed to
enroll a single patient.>* The trial was ultimately ter-
minated when a futility analysis showed it was subse-
quently unlikely to prove clinical efficacy.®

One explanation for low rates of patient participa-
tion may be limited clinician engagement. Another is
lack of hospital and health system participation in clini-
cal trials (only about 5% of acute care hospitals consis-
tently participate in clinical trials®), with many hospitals
not properly trained in conducting clinical research.3°

Low patient participation may also reflect limited
patient engagement in development of the trials them-
selves. For example, patients and families are often not
involved in developing the trial operational plan to help
ensure trial procedures are convenient for patients.
Patients are often interested in how therapies may
affect quality of life,>” but this information is often not
represented in trial end points.

Circ Cardiovasc Qual Outcomes. 2020;13:e006606. DOI: 10.1161/CIRCOUTCOMES.120.006606

ESTABLISHING A MORE
COLLABORATIVE AND INCLUSIVE
RESEARCH PROCESS

The current biomedical research paradigm is based
on the need to prompt and answer questions of sci-
entists, payers, clinicians, and regulators, among oth-
ers. Patients are often less involved but have important
perspectives and experiences that must be leveraged in
the development and design of clinical trials to improve
patient participation in trials and the meaningfulness
of trial results. Patient perspectives can be captured
on multiple topics, including informed consent, study
procedures, end points and outcomes, publication,
approval, and evaluation (summarized in the Figure).
By identifying opportunities to improve patient recruit-
ment and continued participation, overall trial costs
may decline, as patient recruitment is a major expense.
Below, we discuss challenges, barriers, and potential
solutions to move the research enterprise to a multi-
stakeholder, patient-centric research process.

Better Inclusion of Diverse Patient
Populations in Clinical Trials

Opportunities exist to increase diversity of clinical tri-
als, whether by sex, racial and ethnic minorities, rural
residents, or other dimensions.®3-4* Sex diversity is
especially important given that biological sex influences
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Figure. Areas for patient involvement in early-stage research of drugs
and devices.

Guided by Geissler et al,*® we highlight pretrial opportunities for patient
involvement in the therapy research and development process. These opportu-
nities were emphasized in Learning Collaborative discussions.

pharmacodynamics and pharmacokinetics, an empha-
sis reinforced by the National Institutes of Health (NIH)
Revitalization Act of 1993.% Enrollment of women in
cardiovascular trials has improved in recent years. For
example, in 2018, 56% of the approved drug trial pop-
ulations were women, although no cardiovascular indi-
cations were approved in this time period.*® However,
some research suggests clinical trial participation and
analysis by sex could be improved. One study found
that from 2011 to 2015 only one-third of cardiovas-
cular trial participants were women,* and a review of
clinical trials from 2005 to 2015 found women were
significantly underrepresented in trials for heart failure,
coronary artery disease, and acute coronary syndrome
when compared with overall disease burden for wom-
en.®® Of the 10 cardiovascular indications approved
by FDA in 2015, 2 trials did not report efficacy state-
ments on sex,*® and 8 had study populations of <50%
women.* Thirty percent of premarket approval supple-
ment applications for high-risk medical devices do not
report sex for all enrolled patients.>® Of 11 cardiovascu-
lar devices approved by FDA's Center for Devices and
Radiological Health (CDRH) in 2011, 10 had fewer than
50% female participation, with as little as 18% women
in an endovascular occlusion device study.”’

Several initiatives and groups, such as Research Goes
Red, the FDA's Office on Women’s Health, and the NIH's
Office of Research on Women's Health, have greatly
advanced women’s representation in clinical cardiovas-
cular research.*® Research Goes Red empowers women
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to participate in clinical trial data collection by taking
part in surveys, focus groups, and testing new tools and
technologies.> Participants are also alerted when new
studies open up meeting their preferences.>

Racial diversity in clinical trials has also significantly
improved over time but racial and ethnic minorities
are still underrepresented. In 2011, black patients,
although 12% of the population, made up only 5% of
participants®-¢ but has grown steadily to 7% in 2016
and 2017 to 11% in 2018.464957 Additionally, Hispanic
representation over this time period increased from 4%
in 2015 to a consistent 14% in 2017 and 2018.46:4957
Yet for some of these years, most or all of the studies
for approved cardiovascular products still underrepre-
sented black patients and did not report Hispanic repre-
sentation.**5! There is still work to be done.

Cultural competency can greatly improve patients’
trust in the medical establishment, interest in research
participation, and retention in studies. For example, bar-
bershop interventions have proven effective at increas-
ing awareness and participation in members of black
communities.*® Studies in Hispanic communities have
supported participation with Spanish-speaking investi-
gators, advertising at churches, hair salons, and grocery
stores, and speaking with families.>® However, trust in
the medical establishment and the research process,
especially given the historical context of exploitative
unethical studies, remains low.®-%2 Reconsiderations
of patient motives and barriers to trial participation are
needed, as well as a more robust suite of incentives to
ethically encourage informed participation.

The AHA and the FDA should continue and expand
their efforts to encourage equitable and culturally com-
petent trial participation and recruitment opportunities.
Engaging patients diverse in sex, race, and ethnic back-
ground in trial design may achieve the accessibility and
cultural competency needed to draw a more diverse
group of trial participants. The FDA should recommend
industry’s pretrial Research and Development designs
to include patients from a variety of backgrounds and
perspectives, especially those from underserved com-
munities, as advisors at all points in the pretrial process.

Engaging Patients in Trial Design
Traditional approaches to clinical trial recruitment tend
to be centered around convenience of the trial investi-
gators and health institutions, not potential trial partici-
pants.®® These approaches rely on identifying potential
participants when those individuals come into contact
with the health care environment (eg, during medical
appointments) instead of reaching out directly to com-
munities and neighborhoods of potential participants.
When patients and families are involved in develop-
ing a trial’s operational plan, they can highlight poten-
tially burdensome processes limiting enrollment, and
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identify solutions ensuring people can take part in the
trial's requirements. This is important as trial participa-
tion frequently requires individuals taking time away
from their daily lives for various trial-related activities
(eg, completing trial-related paperwork, gathering per-
tinent information on the potential therapy and trial,
traveling to and from appointments for data collec-
tion). The frequent lack of support for transportation,
appointment coordination, and child care limits who
may participate and leads to smaller and less diverse
study populations.

Although patient engagement can improve overall
trial recruitment, it is especially important for improv-
ing diversity of recruited patients, which, in turn, gen-
erates evidence that can drive new treatments effective
in underrepresented groups. For example, older adults’
health status may make long trial-related activities
uncomfortable and unfeasible. Many techniques for
recruiting diverse study populations may also apply in
reaching those willing to contribute to trial design. For
example, engaging with patients at community centers
like grocery stores and barbershops may reach patients
from previously underrepresented groups that may
contribute to defining study priorities and protocols.

Using New Tools to Enable Convenient
Recruitment and Participation

Digital technologies can also enable less burdensome
trial participation. For example, internet access enables
flexibility for participants, which can reduce patient
burden and inconvenience and increase trial retention.
Recent technological advancements in the cardiology
space, such as the ability to collect biometric data with
smartphones, Amazon's Alexa having access to health
information, targeted Facebook recruitment ads, and
eCohort approaches offer unique routes for research
recruitment and screening.®*%® These improvements
allow for site-less trial recruitment and participation
that is convenient for patients and removes barriers to
joining and completing a study. For geographies where
internet access is limited or unavailable, trials should
consider how to enhance access or develop alternative
approaches to using these tools (eg, use smartphones
for collecting and storing data, but data transfer to trial
staff would occur at in-person appointments).

New technologies can also play a role in patient
recruitment to trials. Artificial intelligence applied to
clinical settings, especially in patient screening and par-
ticipant enrollment, can help identify appropriate sub-
jects and increase screening by almost 15% and enroll-
ment by 11%.%°7° Continuing to build these capabilities
is important for identifying potential trial subjects and
targeting direct outreach for recruitment. Of note, all
strategies involving new technology and its data must

Circ Cardiovasc Qual Outcomes. 2020;13:e006606. DOI: 10.1161/CIRCOUTCOMES.120.006606

be implemented alongside meaningful steps to address
patient privacy and security of health information.

Beyond technology, patient recruitment can be
improved by partnering with community-based organi-
zations (including patient advocacy groups) to identify
potential participants and by partnering with investi-
gators to reach individuals who may not normally be
accessed using traditional recruitment methods. Cre-
ative messaging approaches could inspire patients to
be Clinical Trial Patient Heroes. The AHA may facilitate
this work in conjunction with health systems, universi-
ties, and investigators conducting cardiovascular trials.
This approach could help identify, leverage, and con-
nect an existing base of activated and engaged patients
to trials and provide supports that enable participation
(eg, transportation, child care, peer network). Such
supports would be particularly helpful in ensuring indi-
viduals from underrepresented, often high-risk, groups
are able to participate.

Allowing Patients to Own, Use, and
Share Trial Data

Participation in a clinical trial typically generates large
amounts of patient data, yet sharing this data with
patients is not standard practice. Communicating study
results to participants alone is not sufficient, as valu-
able health information (such as lab or test results) are
also generated through participation. Patients have
expressed desire to record and save their data during
and after a clinical trial.”" Allowing for data-sharing
back to patients may increase interest in trial participa-
tion and improve the patient experience.

Ensuring Trial End points Are Meaningful
to Patients

Patient insights can improve products’ value and use-
fulness to patients,’”? such as through outlining gaps in
research, explaining perceptions of risks and benefits,
and highlighting end points important to patients.
Patients are uniquely qualified to describe their own
experiences and can provide regulators and research-
ers with information that communicates the impact
of conditions and treatment on their lives, goals, and
priorities.” Patient-centered research also has practical
value. If a drug or device does not address the problems
most important to patients, they will be less likely to use
it. For example, 92% of cardiovascular patients believe
that medication adherence would improve if patients
helped design clinical trials.”

Research has identified end points important to
patients for cardiovascular conditions. For example,
most cardiovascular patients prioritize heart attack as
a more important end point than death by any cause
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other than heart disease (a more common study end
point) and perceive stroke as more detrimental than
chest pain hospitalization or angioplasty (more com-
mon study end points).”* Additional examples include
prevention of a major stroke causing permanent dis-
ability was viewed as more important than prevention
of death within 24 hours postintervention and redoing
coronary artery bypass graft surgery was preferred over
having recurrent angina.” Traditional end points (such
as death and hospitalizations) are still important to both
patients and clinicians, but additional end points can
capture the range of outcomes meaningful to patients.

Patient-reported outcome measures may capture the
most meaningful end points to patients. For example,
to illustrate the meaningful effects of an intervention,
heart failure trials could include the following patient-
reported outcomes: physical interaction, social interac-
tion, sexual activity, life dissatisfaction, somatic symp-
toms, self-efficacy, and psychological state.”® Additional
research should develop and validate more patient-
reported outcome measures to be used in clinical trials.

A relevant example of how to systematically identify
key end points important to patients comes FDA efforts
related to patients with heart failure with preserved
ejection fraction. Heart failure with preserved ejection
fraction causes significant functional capacity impair-
ment and quality of life impact far beyond the risk of
traditional clinical end points of death and hospitaliza-
tion. The FDA convened patients to develop patient-
focused alternative end points for heart failure with
preserved ejection fraction studies and identified more
meaningful outcomes to include in trials, such as the
6-minute walk test.”’

Patient convenings, organized by the FDA, AHA, or
other key organizations, can identify patient-centered
end points that may shape development of cardiovas-
cular studies and products. Such convenings have been
expanded as part of the FDA's Patient-Focused Drug
Development effort, which seeks to provide a “sys-
tematic approach to help ensure that patients’ experi-
ences, perspectives, needs, and priorities are captured
and meaningfully incorporated into drug development
and evaluation.””® Meetings convened under this initia-
tive have focused on the impact of patients’ conditions
on their daily life, their most significant symptoms, and
their current approaches to treatment.”? To enhance the
patient perspective, the AHA and other stakeholders
may advocate for more cardiovascular conditions to be
included in this formal infrastructure (thus far, pulmo-
nary arterial hypertension has benefited from this type
of structured inclusion in drug and device research and
development).” Alternatively, the AHA may convene
forums exclusively focused on patient-centered cardio-
vascular therapy development.

The routine and feasible collection of new patient-
report end points in clinical trials is also critical. Ensur-
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ing consistent collection of these data may be achieved
through multiple approaches. For example, FDA pub-
lishes a COA (Clinical Outcome Assessment) Com-
pendium as a resource for identifying patient-focused
outcomes for clinical trial design, which currently con-
tains more than a dozen cardiovascular-related clinical
outcomes.” Similarly, the COMET (Core Outcome Mea-
sures in Effectiveness Trials) Initiative is a collaborative
effort to compile core outcome sets that could provide
a backbone to cardiovascular trial design.®°

In the short term, we recommend building on the
Compendium and COMET Initiative to identify a core set
of cardiovascular outcomes (including patient-reported
outcomes, clinician-reported outcomes, observer-
reported outcomes, and performance outcomes) mean-
ingful to multiple stakeholders, especially patients. The
FDA recently convened a public meeting in partnership
with the American Society of Clinical Oncology for
cancer clinical trials that built off of prior workshops
to discuss core outcome sets®'; the AHA could work
with the FDA to develop a similar workshop focused on
CVD. Such a core outcome set may standardize patient-
centered cardiovascular information collected in clinical
trials, and facilitate clear comparisons across therapies.
Furthermore, if important patient-centered concepts
are included in core outcome sets, it would make their
collection more routine in clinical practice.

LEVERAGING RWE AND DATA TO
IMPROVE BIOMEDICAL INNOVATION

The traditional clinical research paradigm has advanced
our understanding of cardiovascular conditions and
effectiveness of various interventions. However, it is
also time-consuming, expensive, and limited in ability
to describe effects in real-world settings. RWE and real-
world data (RWD) can help overcome these challeng-
es, and using personal devices to do so is an exciting
opportunity in the cardiovascular trial space.

There are practical issues in using RWE and RWD
for regulatory decisions. Most wearable devices are
designed for consumer use, not clinical trial data collec-
tion, raising questions about trial appropriateness, data
validity, and data security.®? One short-term opportunity
to overcome these challenges is for AHA and FDA to
convene stakeholders, especially clinical researchers, on
how to use technology and patient-generated health
data to simplify and improve existing postmarket sur-
veillance requirements (stage IV clinical trials). In the
longer term, the National Heart, Lung, and Blood Insti-
tute could dedicate funding for studies on how RWD
and RWE may improve medication adherence and
uptake of current cardiovascular drugs and devices.
These studies should examine how enhanced adher-
ence and uptake methods may need to be tailored to
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be effective in high-risk groups or settings with limited
resources (eg, rural health clinics or hospitals).

Potential Impact of RWE and Data

Understanding the real-world experience of patients
using a drug or device, which may differ from the clini-
cal trial context, is challenging. Patients often struggle
to correctly use drugs currently on the market due
to issues with adherence, costs, or side effects. For
example, 40% to 50% of patients with a chronic con-
dition are nonadherent to medications and cite costs
and perceived usefulness of the drugs as barriers.®38
Real-world data and evidence may provide a better
understanding of the less-than-ideal real-world use
of products already on the market while monitoring
safety and adverse effects of recently approved medi-
cal products.®#

Smartphones, wearables, and other personal tech-
nologies may collect data in a convenient and poten-
tially cost-effective way that can be translated into evi-
dence used to improve patient-centeredness of current
drugs and devices. As defined by FDA, RWD encom-
passes “data relating to patient health status and/or the
delivery of health care routinely collected from a variety
of sources,” and RWE includes “clinical evidence about
the usage and potential benefits or risks of a medical
product derived from analysis of RWD. "8

Although there are different sources of RWD, there
is particular interest in patient-generated health data.
Technological advances, particularly in wearables and
other personal technologies, offer new mechanisms
to facilitate novel data collection and improve patient
participation in pretrial Research and Development
and clinical trials. Most importantly, these technologies
offer unique abilities to improve cardiovascular drugs
and devices relative to other medical fields. RWD, such
as activity tracking and heart rate and rhythm monitor-
ing, can be relatively easily captured on smartphones.
There are opportunities for expanding existing regis-
tries by incorporating patient-generated health data.
Moreover, new technology could be used to improve
data quality in clinical trials, by making data collection
more complete or filling in missing data.

Commercial activity trackers (such as FitBit, Apple
Watch, etc) are becoming increasingly popular. The
consumer-directed wearable technology market pres-
ents an opportunity for the use of technology in cardio-
vascular trials.® Cardiovascular care has some history
of using wearable technologies in diagnosis and man-
agement of disease, although use of consumer-directed
wearables in clinical trials is a relatively newer concept.
However, innovation in this space is not entirely untest-
ed; for example, a recent systematic review identified
127 clinical trials across specialties and research areas
that used consumer physical activity trackers.®® Beyond
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generating data for trials, wearables-generated data
may also be able to inform patients or caregivers of
clinical status, adherence to medication, or effects of
certain patient actions on health outcomes.®°

Standardizing Cardiovascular RWD

To make meaningful use of patient-reported data col-
lected by personal technologies, collection and analy-
sis processes must be reliable. There is currently a lack
of well-validated, standardized ways to collect and
incorporate patient-generated data into drug and
device outcomes assessments. The FDA could ame-
liorate this process by recommending research and
development of clear guidelines for obtaining and
analyzing cardiovascular data from nontraditional
sources in clinical trials. Given the size of the technol-
ogy market, it will be difficult for the entire technol-
ogy industry to meet new standards (even minimal
ones). Therefore, the FDA and the AHA should work
with industry to ensure standards are implementable
and identify practical strategies for overcoming lim-
ited standardization. Implementation science can be
used in conjunction with this research to generate
and employ a toolkit of best practices.

Streamlining the development and review process
necessitates platforms that enable patients and their
data to be brought together efficiently. Despite chal-
lenges, there are tools that use standard data formats
(eg, Fast Healthcare Interoperability Resources) to direct-
ly import data from third-party apps (ie, on smartphones)
into electronic medical records for clinicians to see.”!

Data Quality, Completeness, and
Comparability

Increasing usage of bring-your-own-device trial designs
could allow for easier evidence generation by leverag-
ing the increasingly prevalent ownership of smart devic-
es. In these trials, patients use their phone, tablet, or
other devices to enter data and retain access to their
data after trial conclusion. Patients often prefer these
methods, which may result in more complete data and
lower costs.?2%* However, data quality and comparabil-
ity of technical data are challenges requiring additional
research. Moreover, this trial design can limit the eligi-
ble patient population as patients are required to have
a device meeting certain technical requirements.® Fur-
ther guidelines are needed to ensure bring-your-own-
device trials are conducted in ways that address data
quality, comparability, and equity challenges.

Data completeness is another challenge when solely
using smartphones to conduct clinical trials. For exam-
ple, patients enrolled in the MyHeart Counts Cardiovas-
cular Heart Study used a smartphone-based application
to record physical activity, answer health question-
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naires, and complete a 6-minute walk test.®® Of those
who consented, 18.3% uploaded no data, and 9.3%
completed all 7 days of data collection. In total, only
2.7% completed enough data collection and health
questionnaires to compute a 10-year risk score.%

Technology and Health Equity

Despite the widespread use of smartphones and other
personal technologies, there remains concern that use
of these technologies in clinical trials can worsen health
inequalities.”” Variations in access to the internet,
smartphones, and other smart devices remain prevalent
between age and income groups.®®®® The use of tech-
nology in clinical trials may also provide fewer benefits
for certain groups, which could in turn lead to health
disparities. For example, underserved populations are
more likely to experience challenges in accessing online
resources and understanding health information.®

If smartphones or other smart device ownership
are required for trials, there could be issues in equity
as those who are unable to purchase such a device
would effectively be barred from trial participation.
Smartphones and wearables tend to be expensive; the
average US cost of a new smartphone was $363 in
2018. Furthermore, differential ownership and under-
standing of smart devices by age is a concern.®%!
Some surveys indicate that only half of those aged >65
years own a smartphone, which is particularly impor-
tant considering the burden of CVD in this age group.
Although the prevalence of smart device ownership
in all age groups has steadily increased over time, trial
designs that utilize these devices will need to ensure
equitable representation across age groups. Still, the
majority of Americans (81%) own a smartphone, with
little difference in ownership between sex and racial
groups.’" Although almost all smartphones allow for
patients to input data into apps, only more advanced
smartphones include step counters or heart rate and
rhythm monitors and can cost around $1000.7% In
addition, new technologies other than smartphones
may be needed to maximize potential of using per-
sonal devices in cardiovascular clinical trials. The direct
provision of devices to trial participants may be neces-
sary in some cases to ensure equitable participation of
underserved populations.

ENSURING CLINICAL TRIALS MEET THE
EVIDENCE NEEDS OF REGULATORS
AND PAYERS

This section focuses on distinct opportunities for how
regulators and payers must work together to meet each
others’ evidence needs and move trial innovation con-
versations and process upstream.
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Partnering With Regulators on New Trial
Designs and Protocols

As the cost of trials pushes industry to revolutionize
trial design and innovate on study protocols, regulators
can partner with professional societies like the AHA to
foster innovation in trial design. Regulators’ flexibility,
commitment to innovation, and willingness to support
and accept novel trial designs will determine the extent
to which industry can innovate on existing trial proto-
cols.

The FDA encourages industry to interact with FDA
early in the process (especially related to patient expe-
rience data collection'®). Furthermore, both the FDA's
Center for Drug Evaluation and Research and CDRH
have recently released draft guidance or recommen-
dations on how to interact with FDA about complex,
innovative trial design, and early feedback on new
drug or device submissions.'®*% For device approv-
als, CDRH aims to engage device developers, especially
small businesses or start-ups, and provide early regula-
tory assistance through informational meetings and The
Q-Submission Program,'%1% g presubmission program
that allows developers to receive formal feedback on
specific questions related to product development and
the application process.'® CDRH has also partnered with
the National Heart, Lung, and Blood Institute to provide
grants to device developers to receive additional regula-
tory support in the early stages of device development.
Additional support can also be found in the FDA Innova-
tion Challenge, which supports development of devices
addressing urgent public health issues (eg, opioid use
disorder).’” |t is unclear what cardiovascular focused
device developers have leveraged these programs, but
they represent promising pathways for encouraging
greater innovation in device trials. These documents and
efforts are helpful in laying out the ways for industry to
approach the FDA about appropriate end points and
new trial designs, and the guidance should be expanded.

These avenues are limited to new or potentially new
applications, however, and industry and researchers are
interested in broader, earlier, and more consistent feed-
back. Additionally, we understand that it will take more
than guidance, recommendation, and a new forum to
change current practice and encourage new interac-
tions between FDA, payers, and industry. We recom-
mend a systematic, standardized approach to facili-
tate clear communication between the regulatory and
industry arms of cardiovascular Research and Develop-
ment and trial innovation, independent of an individ-
ual case application. One approach could be a regular
(1-2x a year) convening for industry, researchers, pay-
ers, and other stakeholders in the therapy pipeline eco-
system to meet with FDA and other regulators affect-
ing cardiovascular research or implementation (eg, NIH,
Centers for Medicare & Medicaid Services) about bar-
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riers to innovation and ideas they are considering for
innovative design. To avoid federal advisory committee
limitations, the AHA could convene the meetings.

Partnering With Payers to Ensure
Appropriate Evidence Is Collected

Traditionally, clinical trials are designed, and their end
points selected, to provide detailed information related
to safety and efficacy of a product for regulatory deci-
sions and market entry. However, the ultimate use of a
medical product will depend on whether it is covered
by various public and private payers, and clinical trials
often are not designed to provide evidence for cover-
age decisions. CDRH established a Payor Communica-
tion Task Force to help those interested in a new medi-
cal device submission get feedback on trial design.'%®
This could be a useful vehicle on the drug side, and
Center for Drug Evaluation and Research should inves-
tigate creating a similar structure.

EXPANDING THE RESEARCH
COMMUNITY

This section focuses on creative opportunities for
institutionalizing recognition for excellence in cardiac
research and patient recruitment and retention.

Creating Cardiac Research Collaboratives
of Excellence to Highlight Top Tier
Investigators and Research Sites

To help identify and capitalize on best practices around
recruitment and participation of diverse groups of trial
participants, a designation program recognizing part-
nerships with a demonstrated track record of success-
ful cardiovascular trials with a special title (eg, Cardio-
vascular Research Collaboratives of Excellence) would
be a significant step. There are relevant examples to
build from to accomplish this. First, the Heart Failure
Society of America developed a collaborative research
network to direct patients and providers to high-val-
ue clinical research opportunities.’®'° In addition to
their focus on patient education and engagement,
the Heart Failure Society of America research network
compiles a list of trials that are particularly patient-
centered.® 1% Second, the field of oncology’s National
Cancer Institute-Designated Cancer Centers offer a
model of NIH engagement for recognizing clinical trial
success in a specialty field.""" The AHA could benefit
from the structures, lessons learned, and successes
from these initiatives. The AHA, potentially in collabo-
ration with National Heart, Lung, and Blood Institute,
could expand upon the National Cancer Institute pro-
fessional distinction program and Heart Failure Society
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of America’s compilation of high-value research oppor-
tunities to identify and highlight key investigators
and sites in Cardiovascular Collaborative for Research
Excellence (CVCREs) that are performing excellent car-
diovascular clinical research.

Through such a designation program, information
on best practices would be collected and spread to
other facilities with the goal of expanding the network
of facilities and institutions that are able to successfully
recruit and retain trial participants from underrepre-
sented groups. The CVCREs would send AHA data on
recruitment and retention strategies and outcomes. In
return, health systems and hospitals recognized in this
program would gain access to a learning network of
other successful regional collaboratives to disseminate
and learn from successes, including knowledge of what
strategies were successful.

Establish a Community Cardiovascular
Research Program to Reach a Broader
Network of Researchers and Patients

Though designating CVCREs may stimulate research
and disseminate best practices across the research
community, they may be concentrated within aca-
demic health centers and systems, missing patients
who do not receive care at such centers and pos-
sibly exacerbating underrepresentation of minority
groups. In light of this, we recommend AHA establish
a Community Cardiovascular Research Program, mod-
eled after the National Cancer Institute’s Community
Oncology Research Program, which brings clinical trials
and research to patients in their communities.”'? The
Community Cardiovascular Research Program network
should include a diverse selection of community sites
and research bases; the National Cancer Institute’s
Community Oncology Research Program network, for
example, is comprised of 7 research bases and 46 com-
munity sites, 14 of which are designated as minority or
underserved sites.'?

Although provider-based research networks are
believed to increase diversity and clinical trial participa-
tion by making clinical trials available in the community,
provider incentives to participation are also critical 1’3114
Providers who have participated in the National Can-
cer Institute’s Community Oncology Research Program
have cited altruistic feelings of obligation to patients
and desire to enhance accessibility of clinical research, a
desire to enhance their reputation, and a need to bet-
ter integrate and coordinate the complex oncology care
of patients.”? The Community Cardiovascular Research
Program may learn from the National Cancer Institute’s
Community Oncology Research Program’s experiences
and work with provider groups in rural, urban, and sub-
urban communities to encourage equitable and diverse
provider and patient participation in research.
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ENVISIONING A FUTURE
CARDIOVASCULAR RESEARCH
EXPERIENCE

Although many clinical trials are not yet incorporating
strategies needed to improve the research and trial pro-
cess, there are examples of progress. The ADAPTABLE
"> (Aspirin Dosing: A Patient-Centric Trial Assessing
Benefits and Long-Term Effectiveness) and PREVENT-
ABLE'"® (Pragmatic Evaluation of Events and Benefits
of Lipid-Lowering in Older Adults) clinical trials are tak-
ing a pragmatic approach to patient-centered research.
Both trials aim to enroll a large and diverse patient pop-
ulation and conduct the trial in the patient’s usual care
setting. In the ADAPTABLE trial, patients were involved
in study design from the outset, collaborating with
researchers to create the study protocol, consent form,
and other materials. Notably, the PREVENTABLE trial is
the first clinical trial evaluating statins with a noncardio-
vascular primary outcome. The study is instead focusing
on the ability of statins to prevent dementia or physi-
cal disability, which are particularly patient-centered
outcomes. Although it is too early to evaluate results
of these trials (both are still ongoing), they represent a
promising step forward in making cardiovascular clini-
cal trials more patient-centered.

One focus of this work was an intentional exercise
to envision an ideal hypothetical, future cardiovascular
research experience from multiple perspectives (patient,
clinician, industry, regulators). Based on the above rec-
ommendations, we sought to capture that potential
future vision in narrative form in the text below. Tables 1
and 2 then summarize this paper’s recommendations in
the short and long term that could encourage better
progress toward the vision.

Narrative Vision of a Future
Cardiovascular Research Experience

Patient Brenda is involved with and supported by a local
network of women with CVD and hears of an upcom-
ing trial with open enrollment. She is eager to learn
more and easily accesses information about the trial on
a centralized, reputable website. She is immediately put
in touch with a contact person who can better describe
the trial and its purpose. She speaks with her cardiolo-
gist and the trial's clinical investigators to get a better
sense of risks and benefits to herself and her loved ones
and possible outcomes of participating in the trial. After
completing a simple video-enabled consent process
that includes a diverse group of participants, reflecting
her own experiences as well as different perspectives,
she enrolls in the trial.

Throughout the duration of the trial, she has a point
of contact where she can ask questions and voice any
concerns. Participation is convenient; data collection
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occurs mostly on her smartphone via a secure trial
application, so she is able to participate from virtually
anywhere and only very infrequently needs to sched-
ule physical appointments, arrange transportation, take
time off of work, or arrange childcare. Brenda receives
frequent updates on emerging trial results as well as
individualized reports of her data. Many of the trial's end
points are of interest to Brenda, reflecting her quality of
life with end points like 6-minute walking distance. She
feels understood and validated when uploading data
specifically related to those preferred end points and
quality of life outcomes. Her social support is enhanced
by the trial participant community, where she can mes-
sage and share experiences with other trial participants
beyond her typical support network.

Upon conclusion of the trial, Brenda is debriefed
in an understandable way on the use of her data and
the next steps of the research project beyond her par-
ticipation, including on the therapy’s progress in the
evaluation process. If approved for marketing by the
regulatory authority, she may receive expedited access
to the treatment that her data helped advance, if clini-
cally appropriate. Given her convenient and empower-
ing experience with this clinical trial, she volunteers to
be on a mailing list through which she can be notified
of future research.

Brenda‘’s home base for her participation in the trial
is her local community health clinic, which belongs to
a regional collaborative of clinics, hospital systems, and
community-based organizations, including faith-based
organizations and local senior or community centers.
This collaborative is committed to working together to
facilitate and support patient recruitment and partici-
pation in cardiovascular clinical trials. The collaborative
recently received a renewal of its status as an AHA-
National Heart, Lung, and Blood Institute—recognized
CVCRE. This designation signals to the health care
system, patient, and clinical trial communities that a
regional group of stakeholders and organizations are
committed to working together to actively engage in
activities to achieve high quality and clinically impactful
cardiovascular trials, and ensure their patients have rap-
id access to cutting edge diagnostics and therapeutics.

The CVCRE is required to share data with AHA on
their recruitment efforts and effectiveness, including
data on the number of potential patients within the
collaborative, patient recruitment and retention rates,
time to start up recruitment, and Institutional Review
Board decision times. In return, the CVCRE participates
in the CVCRE Learning Group where the CVCRE has
access to other CVCREs' data and experiences. Through
this, the CVCRE learns about new, innovative recruit-
ment and retention strategies that worked in other
regional collaboratives, such as communication tools
that effectively communicate trial benefits and risks
to potential participants, video-enabled consent pro-
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cesses, web-based patient portals that provide patients
with personalized trial-related information, and trans-
portation services that can help trial participants travel
to trial sites. The CVCRE has leveraged these resources
to improve their trial participation numbers and lower
their costs to conduct cardiovascular trials.

The cardiovascular drug and the FDA-approved trial
to evaluate it was developed by Pharmaceutical Develop-
ment Company (PDC). Two recent developments on the
regulatory and industry side led PDC to invest in research
resulting in this trial. First, since the FDA's Center for Drug
Evaluation and Research released guidance indicating a
range of new, innovative, and efficient trial design flexibil-
ity in the hypothetical future year of 20XX, PDC corporate
leaders changed their minds about investing in Research
and Development for this new cardiovascular drug. Previ-
ously, they were concerned that traditional trial designs
would be so long, complicated, inefficient, and incon-
venient for patients that developing this particular drug
would take a decade, be very expensive, and would have
a higher probability of failure; thus, they deemed it to be
too risky. However, one of the trial designs mentioned in
the 20XX guidance made sense for evaluating this drug
and PDC greenlit the project. They worked with payers to
help ensure that the outcomes of the trial, beyond being
patient-centered, demonstrated care improvements that
increased the payers’ likelihood of rapidly adopting the
new therapy. Second, the AHA, collaborating with FDA,
began convening regular cardiovascular trial effectiveness,
efficiency, and innovation forums twice a year. These meet-
ings are attended by the eco-system of stakeholders—not
just industry, but health systems, researchers, government
(beyond FDA, also including relevant NIH, Centers for Dis-
ease Control and Prevention, and CMS representatives),
patients, and others. At these meetings, PDC was able
to discuss in general terms the new method they were
considering and received feedback from other researchers
and regulators at the meeting that allowed them to tweak
their design. This increased their confidence in submitting
an application to FDA, which they did.

After the application was accepted, they worked
with Brenda’s local CVCRE to conduct the trial, a pro-
cess that resulted in an effectively and efficiently run
trial. They were eventually able to get the new drug
to market at a cheaper price than previous compara-
ble cardiovascular therapies they had developed, and
because the payers had been involved in the process,
approval for the new therapy was more likely and more
timely—ultimately benefiting Brenda.

CONCLUSIONS AND NEXT STEPS

CVD continues to be the leading cause of death and
disability and remains highly costly, complicated, and
burdensome. Despite this, drug innovation is lagging
and US enrollment in drug and device trials is limited.
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New strategies are needed to streamline and reduce
the costs of clinical trials, all the while placing greater
emphasis on the patient voice and experience. New
technologies offer a promising path forward and can
help improve upon current patient participation, gen-
erate high-quality evidence in real-world settings, and
ensure evidence meets the needs of all stakeholders.
Industry and regulators must also commit to partner-
ing in upstream discussions of trial innovation. We offer
short- and long-terms recommendations related to all of
these areas. Adopting these recommendations would
help achieve the hypothetical narrative vision, poten-
tially lowering the costs for evidence generation of new
cardiovascular therapies downstream, especially when
paired with continued policy research on better ways to
pay for and equitably develop drugs and devices. Ulti-
mately, these strategies could improve the cardiovascu-
lar pipeline while making cardiovascular therapies more
effective, meaningful, and equitable to patients.
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