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The Opportunity

- Biomedical science and technology are in an amazing period of discovery
and development.

- Yet these advantages are not resulting in superior health and outcomes
for the U.S. population or for most individuals.

- The intersection of biomedical science, technology and communication,
if handled with good policies, investment and communication, could
usher in a new era of better health for the U.S. and the world.

- Previous policies and infrastructure investment provide a solid base from
which to build an effective system for evaluation and implementation
across the spectrum of development, pivotal trials and post-market
evaluation.
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Evidence Generation & FDA 2022

* FDA mission and priorities.

* Why do we need to improve the evidence generation
system?

* What have we learned about evidence generation in
the pandemic?

* Hopes for the future.
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Societal Motivation

When possible, it is best to develop a concept,
generate the evidence, implement strategies
that are proven effective, and reassess for gaps
and areas of improvement.
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“Selfish Motivation”

The amount of heat generated about an FDA
decision is inversely proportional to the quality of
the evidence on the topic.
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The FDA: Big Picture

* Regulatory Agency
* Science Agency
* Public Health Agency

* Multiple disciplines always in play
* Science/Medicine/Public Health
* Policy
* Law
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FDA Regulates a Spectrum of Health Products :
20-25 cents of every GDP dollar
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FDA Mission

FDA is responsible for protecting the public health by assuring the
safety, efficacy and security of human and veterinary drugs, biological
products, medical devices, our nation’s food supply, cosmetics, and
products that emit radiation.

https://www.fda.gov/about-fda/what-we-do
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FDA Mission

FDA is also responsible for advancing the public health by helping to
speed innovations that make medical products more effective, safer,
and more affordable and by helping the public get the accurate,
science-based information they need to use medical products and

foods to maintain and improve their health.

https://www.fda.gov/about-fda/what-we-do
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FDA Mission

FDA also has responsibility for regulating the manufacturing,
marketing, and distribution of tobacco products to protect the public
health and to reduce tobacco use by minors.

https://www.fda.gov/about-fda/what-we-do
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FDA Mission

Finally, FDA plays a significant role in the Nation’s counterterrorism
capability. FDA fulfills this responsibility by ensuring the security of the food
supply and by fostering development of medical products to respond to

deliberate and naturally emerging public health threats.

https://www.fda.gov/about-fda/what-we-do
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How long do people live, and how will that change?
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Life expectancy at birth, 1990-2100. Forecasted data based on Global Burden of Disease 2017 results.
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thchmad Vistisl ABstract Life expectancy in the wake of covid-19

4 4 Summary Dec-:reases in life expectancy durir.ug 2020 were much Iar.ge.r in the
United States than in peer countries, expanded a pre-existing and
growing mortality gap. and were disproportionately experienced
by Hispanic and Black Americans

> & Data 2010-20 US: National Center for Health Statistics
Study design analysis mortality data Peers: Human Mortality Database

@8 Population Study was based on all deaths in the United States
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Life expectancy at birth in the United States, by race and ethnicity,
and in peer countries for years 2010-18 and 2020.
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Life Expectancy at Birth by County, 2014

Counties in South Dakota and North Dakota had the
lowest life expectancy, and counties along the lower half
of the Mississippi, in eastern Kentucky, and southwestern
West Virginia also had very low life expectancy compared
with the rest of the country

Counties in central Colorado had the highest life
expectancies

Source: Dwyer-Lindgren L, et al. Inequalities in life expectancy among US counties, 1980 to 2014 - temporal trends and key drivers.
JAMA Intern Med. 2017;177:1003-11. doi:10.1001/jamainternmed.2017.0918
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Change in Life Expectancy at Birth by County,
1980 to 2014

Change in life expectancy at birth (years):

Compared with the national average, counties in -23t0-1 0 1 2 3 4 5
central Colorado, Alaska, and along both coasts
experienced larger increases in life expectancy
between 1980 and 2014, while some southern
counties in states stretching from Oklahoma to West
Virginia saw little, if any, improvement over this
same period

s

B

Source: Dwyer-Lindgren L, et al. Inequalities in life expectancy among US counties, 1980 to 2014 - temporal trends and key drivers.
JAMA Intern Med. 2017;177:1003-11. doi:10.1001/jamainternmed.2017.0918
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From: Inequalities in Life Expectancy Among US Counties, 1980 to 2014 Temporal Trends and Key Drivers

JAMA Intern Med. Published online May 08, 2017. doi:10.1001/jamainternmed.2017.0918

Table 1. Variables Included in the Regression Analysis With Summary Statistics and Bivariate Regression Results

Summary Statistics,

Bivariate Regression Results

Variable Mean (SD) [Range] Coefficient (SE) R?
Socioeconomic and race/Ethnicity factors
Population below the poverty line, % 16.3 (6.4) [3.1-62.0] -0.24 (0.005) 0.47
Median household income, log $ 10.6 (0.2) [9.8-11.6] 6.06 (0.130) 0.41
Graduates, age 225y, %
High school 83.7 (7.2) [46.3-98.6] 0.20 (0.004) 0.42
College 19.2 (8.6) [4.2-72.0] 0.15 (0.004) 0.34
Unemployment rate, age 216y, % 9.1 (3.2) [2.1-27.4] -0.29 (0.011) 0.18
Black population, % 9.4 (14.7) [0-85.8] -0.07 (0.002) 0.24
American Indian, Native Alaskan, and Native 2.3 (7.9) [0-97.2] -0.06 (0.005) 0.04
Hawaiian population, %
Hispanic population, % 8.1 (13.1) [0-95.9] 0.02 (0.003) 0.01
Behavioral and metabolic risk factors, %
Obesity prevalence, age 220 y 37.0 (4.3) [18.0-52.0] -0.39 (0.006) 0.54
No leisure-time physical activity prevalence, 27.0 (5.2) [11.7-47.2] -0.34 (0.005) 0.62
age 220y
Cigarette smoking prevalence, age 218 y 24.7 (4.1) [7.7-42.1] -0.40 (0.007) 0.54
Hypertension prevalence, age =230 y 39.5(3.6) [27.9-56.4] -0.49 (0.007) 0.62
i > - - . "
He:i::it;: Zi::nce, age 220 y 14.0 (2.4) [8.1-25.5] 0.72 (0.011) 0.59 SOUI’CG: Amel’lcan Med[ca/
Insured population, age <65y, % 81.7 (5.7) [57.3-96.7] 0.15 (0.007) 0.14 Association.2017.
Quality index 70.1 (11.5) [0-100] 0.10 (0.003) 0.28
Physicians per 1000 population, No. 1.1 (1.0) [0-4.4] 0.53 (0.039) 0.06

Abbreviation: SE, standard error.

Table Title:

Variables Included in the Regression Analysis With Summary Statistics and Bivariate Regression Results
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What causes the most deaths?

. Communicable, maternal, neonatal, and nutritional diseases

. Non-communicable diseases

) Injuries

2009 ranking

Ischemic heart disease
Lung cancer

Stroke

COPD

Alzheimer's disease
Chronic kidney disease
Diabetes

Colorectal cancer
Lower respiratory infect

Cirrhosis

2019 ranking

Ischemic heart disease
Lung cancer

COPD

Stroke

Alzheimer's disease
Chronic kidney disease
Colorectal cancer
Lower respiratory infect
Diabetes

Cirrhosis

% change, 2009-2019
12.5%
12.9%
25.6%
18.9%
21.0%
35.6%
20.3%
18.7%

9.1%
23.5%

Top 10 causes of total number of deaths in 2019 and percent change 2009-2019, all ages combined
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What causes the most death and disability combined?

. Communicable, maternal, neonatal, and nutritional diseases

. Non-communicable diseases

. Injuries

-30% -2?% -1 ?% 0% 10% 20% 30% 40% 50% 60% 70% 80%

—
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l!.)rug use disi:rders
Low baclk pain
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I
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I

Stroke

|
Other musculoskeletal
| I

Depressive disorders

0V 0 N O A WwN

I 10 Road injuries

Top 10 causes of death and disability (DALYs) in 2019 and percent change 2009-2019, all ages combined
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Mortality in Rural America
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« In Mid ‘80s: Rural and urban death rates were approximately equal « Higher stroke and CV mortality
« 2016: 134.7 excess deaths/100,000 in rural - a nearly 20% disparity « Higher maternal mortality (much of which is cardiovascular)
+ Life expectancy is approximately 3 years lower
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The Impact of the Pandemic on US Life
Expectancy has not been Uniform
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Source: medRxiv preprint DOI: https://doi.org/10.1101/2022.04.05.22273393
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U.S. Continues to Lose Ground in
Life Expectancy

Life expectancy, yeass
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Generating Evidence to Inform Decisions
o . © © o

NIH Roadmap Data Network
FDA Standards Information
Critical Path \
\ Early ! 6
Translational Empirical
Ethics

Discovery Science Steps
/ 0

\ / Priorities

Clinical _ and
@ Outcomes Trials  Frocesses
Transparency Measurement — o
to Consumers \ and :
Education Inclusiveness
@ Clinical O
Pay for Performance Practice Use for
Performance Measures e Feedback
Guidelines bac
\/ e
Evaluation of Speed Conflict of Interest
and Fluency Management
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Our National Clinical Research System is Well-
intentioned But Flawed

High percentage of decisions not supported by evidence*
Health outcomes and disparities are not improving
Current system is great except:

« Too slow, too expensive, and not reliable

« Doesn’'t answer questions that matter most to patients

- Unattractive to clinicians & administrators

We are not generating the evidence we need to support the
healthcare decisions that patients and their doctors have to

make every day.

FDA.gov
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Levels of Evidence Supporting American College

of Cardiology/American Heart Association and European
Society of Cardiology Guidelines, 2008-2018
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Trial Hyperinflation

Figure 3. Mean Total Grant Cost per Patient Index, Biomedical R&D
Price Index, and pooled hedonic indexes, 1989-2011
Index (1989 = 1.000)
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”
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wvariables
1.=00 Biornedical R&D Price index
1.000 Pooled hedonic index with trial phase, therapeutic area, and year as indicator
0500 , wvgriables and with SWE and LPATIENTS added to base model ag regressors |

1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011
Source: Authors' calculations based on Medidata Solutions, Inc's, PICAS® database,

Source: Berndt E, Cockburn I. Monthly Labor Review, June 2014
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Source: Nature Reviews Drug Discovery
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530,692 patients 2,895 arms

Trial arms

Planned enrolment

Phase breakdown

0%

Randomization

Trial arms

Trial arms

I Randomized, adequately powered
[ All other trial arms

| Phasel

|| Phase I/Phase II
Phase Il

Phase II/Phase IlI
B Phase Il

M Phase lll/Phase IV
M Phase IV

B Unknown

Il Non-randomized
B Randomized

Source: Nature Reviews Drug Discovery
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Trial arms overview’ (US) ‘All other’ trial arms (US)

M Randomized, adequately powered Phase breakdown Randomization Sponsor type’

[0 All other 693 693 693
B Phase 3° " 17% 1 Non-randomized* . M Industry
[ All Other B Randomized 45% I Academic
= l
Trial Arms Trial Arms Trial Arms
Breakdown by sponsor type® and phase
150 (47%
Industry 107 (34%) o
208 (55%)
0,
Phase 13 Phase 23 Phase 33 Phase 4/
Trial arms unknown

Figure S4: Characteristics of non- ‘randomized, adequately powered’ trial arms (US)

1 Corresponds to number of global investigational trials recruiting or completed. Excludes trials that have been terminated (or equivalent). Separates out multi-arm trials into distinct counts, including arms testing
the same intervention in different doses or durations. May not be fully comprehensive. Excludes Traditional Chinese Medicine and vaccine trials.

2 Randomized, adequately po d trials are defined as randomized controlled trials in Phase 2 or beyond with expected 11 of 250+ per arm for ventilated ICU, 500+ for hospitalized LRI, 1,000+ for
early mild or asymptomatic, and 5,000+ for post-exposure prophylaxis (PEP) or pre-exposure prophylaxis (PrEP).

3 Multi-phase trials grouped with earliest phase involved: Ph 1/2 trials grouped with Ph 1 trials, Ph 2/3 trials grouped with Ph 2 trials, Ph 3/4 trials grouped with Ph 3 trials.

4 Includes trials with unknown randomization design.

5 If multiple sponsors are involved, trial is categorized by lead sponsor type.

U.S. FOOD & DRUG
ADMINISTRATION ) . .
Source: Clinicaltrials.gov accessed 11/20/2020 and WHO clinical trial registry accessed 11/20/2020

FDA.gov
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[ 11% | 97% L 9% o 149
999
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95%
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89% & 95%
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March (as of
11/20)

Figure S3: The total number of trial arms! started and randomized, adequately powered per month
1 Cor ds to ber of global in igational trials recruiting or completed. Excludes trials that have been terminated (or equivalent). Separates out multi-arm trials into distinct counts, including arms

testing the same intervention in different doses or durations. May not be fully comprehensive. Excludes Traditional Chinese Medicine and vaccine trials. Placebo arms are not included in arm counts.
2 Randomized, adequately powered trials are defined as randomized controlled trials in Phase 2 or beyond with expected enrollment of 250+ per arm for ventilated ICU, 500+ for hospitalized LRI, 1,000+ for

early mild or asymptomatic, and 5,000+ for post-exposure prophylaxis (PEP) or pre-exposure prophylaxis (PrEP).

U.S. FOOD & DRUG
APMINISTRATION  gource: Clinicaltrials.gov accessed 11/20/2020 and WHO clinical trial registry accessed 11/20/2020
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Global trial arms? with start dates before Planned enrollment? for global trial arms with

November 2020, # trial arms start dates before November 2020, # patients, K
2,507 313
1% 0%
34%
49% 133
7% 12%
1%
52% 12% <l 24%
134 42?’ 1% mrT 5%
TR % 5% s 4% 7%
Randomized, All other Randomized, All other
adequately adequately
powered’ powered’

Patient severity PrEP = PEP M Asymptomatic Bl Mild | Hospitalized LRI M Ventilated ICU M Recovered M Unknown

Figure S5: Randomized, adequately powered trial arms! and target patient enrollment for trials started before November 2020

1 Randomized, adequately powered trials are defined as randomized controlled trials in Phase 2 or beyond with expected enrollment of 250+ per arm for ventilated ICU, 500+ for hospitalized LRI, 1,000+ for early
mild or asymptomatic, and 5,000+ for post-exposure prophylaxis (PEP) or pre-exposure prophylaxis (PrEP).

2 Corresponds to number of global investigational trials recruiting or completed. Excludes trials that have been terminated (or equivalent). Separates out multi-arm trials into distinct counts, including arms testing
the same intervention in different doses or durations. May not be fully comprehensive. Excludes Traditional Chinese Medicine and vaccine trials.

3 Planned enrollment defined as enrollment per arm estimated from total enrollment by assuming even distribution of patients across all arms. It is not reflective of actual enrollment. Total planned enrollment does

not include planned enrollment in placebo arms.

U.S. FOOD & DRUG
ADMINISTRATION  gayrce: Clinicaltrials.gov accessed 11/20/2020 and WHO clinical trial registry accessed 11/20/2020

FDA.gov
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Evidence to Practice

* Clinical outcomes are improved most when interventions are planned
and evaluated in a reasonable sequence.

* Most interventions, despite good intentions, fail to provide benefits
that exceed the risks.

* For this reason, the law requires evidence that benefits outweigh risks
for the intended use of the product.

* The need for evidence generation continues for the life cycle of the
product.
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Generating Evidence to Inform Decisions
o . © © o

NIH Roadmap Data Network
FDA Standards Information
Critical Path \
\ Early ! 6
Translational Empirical
Ethics

Discovery Science Steps
/ 0

\ / Priorities

Clinical _ and
@ Outcomes Trials  Frocesses
Transparency Measurement — o
to Consumers \ and :
Education Inclusiveness
@ Clinical O
Pay for Performance Practice Use for
Performance Measures e Feedback
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\/ e
Evaluation of Speed Conflict of Interest
and Fluency Management
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An Evidence Generation Infrastructure

- Engaged participants and clinicians.

- Outcome measurement and payment that aligns ecosystem with better
participant/patient outcomes.

- Inclusive communication tailored to the needs of diverse research participants.
- Transparent, shared information across the ecosystem.

- Quality by design to have the right amount of oversight/bureaucracy tuned to
optimize useful research results.

- Data quality and prospective design are critical.
- Societal norms for data sharing and reciprocal obligations of data aggregators.
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Typical NIH Network Academic Health Center
Sites and Data Coordinating Center

Source: Stephen Strauss, NIH Roadmap 2004-2005
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Networks Share Sites Interoperable and Data

Source: Stephen Strauss, NIH Roadmap 2004-2005
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Integration of Clinical Research Networks

. Link existing networks so clinical
studies and trials can be
conducted more effectively.

. Ensure that patients, physicians,
and scientists form true
“Communities of Research.”

Stephen Strauss, NIH Roadmap 2004-2005
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Learning Health Care Systems

1 ADJUST
EVALUATE Use evidence to % %
influence continual %

Collect data and

analyze results to improvement.
show what works
and what doesn’t.

In a learning DISSEMINATE

health care system,
research influences
practice and

IMPLEMENT practice mfluences / INTERNAL AND EXTERNAL SCAN
research. :

Share results to improve care
for everyone.

Identify problems and potentially
innovative solutions.

Apply plan
in pilot and
control settings.

R

DESIGN

Design care and
evaluation based on
evidence generated
here and elsewhere.

Internal External
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National System Paradigm Shift

K Challenging to find
Passive right pre/post market
. balance without
Survellla nce confidence in post-
market data

Current

Parallel track Inefficient
to clinical one-off
practice studies

Leverage RWE to
support regulatory
decisions throughout

Active Surveillance
to better protect

patients TPLC

National System

Embedded in Health Shared system to inform

Care System the entire Ecosystem
(patients, clinicians,

(collect data during providers, payers, FDA,

routine clinical care) Device Firms)

FDA.gov
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Learning Medical Device Ecosystem

Total Product Life Cycle (TPLC) Framework

INFORMATION FLOW

Progressive
Approval,
Safety and
Performance

Patient Access

Benefit-Risk

TIME TO MARKET

EVOLUTION OF BENEFIT-RISK EVIDENCE

Clinical
Research
Incorporated
Into Routine
Clinical
Practice

INTERNATIONAL HARMONIZATION
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Patients and their families are at the center. And most patients
with a disease highly value a happy, trusted clinician(s) & team.

Patients

&
Families
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The reality is we have is a disaggregated, fragmented system with lack of
organization around common, transparent high-quality information

Advocacy
Carers Groups
&
Caregivers Medical

Products
Industry

Patients
&
Families

|  Societies : Research
Orgs
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If patients and clinicians banded together to optimize the
information base for high-quality, evidence-based care...

Discovery research

Translational research
and recruitment

Patients

& Trials
Families and registries

Identify & promote preference &
priorities

Care delivery & Implementation

FDA.gov 44


http://FDA.gov

Organizations that support the patient-clinician dyad
would do better with common goals

Partner on
care, priorities
engagement Discovery research

Translational research

Patient & Clinician and recruitment

Support Network Patients

Carers & Advocacy
Caregivers Groups
Health
System

Post-market trials
& and registries

Families
Identify & promote

preference & priorities

Care delivery
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FOA

The medical products industry & payers would benefit from
higher quality information and participation

Partner on
Part;rer ortw& research, new
recruitmen ¢ .
Discovery research interventions
engagement &/ & care
Translational research
Patient & Clinician 206 recrtment o R&D Payers
i rganizations
Support Network Patients Post matkettriale 9
& and registries
Families Biotech Ak
A Advocacy Identify & promote
Caregivers Groups preference & priorities
Care delivery Medical ey

Device

Health
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FOA

Given common goals, current technology could support a common information
base that could support the primary mission: better outcomes for patients

Partner on
recruitment &
engagement

Patient & Clinician
Support Network

Advocacy
Groups

Access data
& content

EHR!!!

Patients

&
Families

Discovery research

Translational research
and recruitment

Post-market trials
and registries

Identify & promote
preference & priorities

Care delivery

Technology, Analytics, Streamlined Operations & Governance

Data Collection Tools

Engagement Tools
Data Quality and Management

Analysis, Reporting and Display

Regulated Trial Tools

R&D

Organizations

Biotech

Medical
Device

Government
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research, new
interventions &

care

Payers

Private
Payers

Government

Access
data & tools
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Varying forms of misinformation
carry different levels of threat

TYPES OF INFORMATION DISORDER

FALSENESS INTENT TO HARM

“Disinformation,” is intended to mislead and is
disseminated with knowledge that those who
succumb to it could be harmed

Misinformation Disinformation Malinformation

Unintentional mistakes Fabricated or deliberately Deliberate publication of

“Malinformation” is which represents a D ot ooty e
purposeful effort to harm others directly by D ™ o o, el o
sericusly. Deliberate change of

spreading incorrect information. i il

https://flowersforsocrates.com/2018/08/12/disinformation-misinformation-malinformation-involves-framing/
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CONFRONTING
HEALTH
MISINFORMATION

The U.S. Surgeon General’s Advisory on
‘Building a Healthy Information Environment
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I am urging all Americans to help slow the
spread of health misinformation during
the COVID-19 pandemic and beyond.

Health misinformation is a serious threat
to public health. It can cause confusion,
sow mistrust, harm people’s health, and

undermine public health efforts. Limiting
the spread of health misinformation is
a moral and civic imperative that will
require a whole-of-society effort.

Vi

Vivek H. Murthy, M.D., M.B.A.
Vice Admiral, U.S. Public Health Service
Surgeon General of the United States
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U.S. FDA &
@US_FDA

You are not a horse. You are not a cow.
Seriously, y'all. Stop it.

fda.gov
Why You Should Not Use Ivermectin to Treat or Prevent COVID-19

Using the Drug ivermectin to treat COVID-19 can be dangerous
and even lethal. The FDA has not approved the drug for that ...

7:57 AM - Aug 21, 2021 - Twitter Web App
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Central lllustration: Precision Medicine

Precision Medicine

RN

Decision Support Practice
External | | Guidelines
Data and Care
E Pathways

I

|
Integrative Digital
Physiology Phenotyping
Califf, R.M. J Am Coll Cardiology.

2018;72(25):3301-9
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Central lllustration: Precision Public Health

Precision Public Health

Essential Health Community Community Health
Services Knowledge, Attitude,

Programs and Policies
Norms

Surveillance Community

External Data and Health Guidelines and

Education Policies

Policy Support

EHR/Claims
Social

Data et i . Behavioral Risk Environment
Computerized e

Phenotvpes

JACC: Volume 76, Issue 3, 21 July 2020, Pages 306-320
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Data-driven Merger of Precision Medicine &
Precision Public Health

Precision Health
Precision Public Health
‘ 1
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\

Clinician-
provided

Community
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Surveillance and Health
Education Policy Support
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i S| is

Community Risk Analysi:
[

Programs and
Policies
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Health
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- ’
- - JACC: Volume 76, Issue 3, 21 July 2020, Pages 306-320
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The Opportunity

- Biomedical science and technology are in an amazing period of discovery
and development.

- Yet these advantages are not resulting in superior health and outcomes
for the U.S. population or for most individuals.

- The intersection of biomedical science, technology and communication,
if handled with good policies, investment and communication, could
usher in a new era of better health for the U.S. and the world.

- Previous policies and infrastructure investment provide a solid base from
which to build an effective system for evaluation and implementation
across the spectrum of development, pivotal trials and post-market
evaluation.
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