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BACKGROUND INFORMATION

9:00 a.m. 
Opening Introductions 
Mark McLellan, PhD, Science Board Chair
9:05 a.m. 
Conflict of Interest 
Rakesh Raghuwanshi, MPH, Designated Federal Officer, Science Board, FDA 

9:10 a.m.  
Chief Scientist’s Update



RADM Denise Hinton, Acting Chief Scientist, FDA
9:20 a.m.
Final Report from the CBER Research Program Review Subcommittee



Barry Byrne, MD, PhD, Subcommittee Chair
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10:20 a.m.
Patient Affairs Initiative at FDA



Samir Shaikh
11:20 a.m.
Break
11:30 a.m. 
Commissioner’s Update and Overview of Afternoon Discussion

Scott Gottlieb, MD, Commissioner of Food and Drugs, FDA

12:30 p.m. 
Lunch
1:15 p.m. 
Afternoon Discussion Session
1. Lack of interoperable EHRs, weak incentives for data sharing, and concerns about patient privacy and cybersecurity are important barriers to the ability of providers and researchers to leverage predictive analytics to improve patient safety and enhance productivity across the medical research ecosystem.  

How can the agency work with other stakeholders to create regulatory use cases for high quality data sets that can provide market incentives to address and overcome these barriers?  
Suggested readings:

https://www.healthdatamanagement.com/news/fda-ibm-watson-health-to-study-application-of-blockchain-technology

[image: image3.emf]FDA, IBM Watson  Health to study application of blockchain technology.pdf


https://www.nature.com/articles/nrd.2018.34
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2. Drug repurposing could be an important tool for identifying promising alternative, non-addictive treatments for acute and chronic pain.  

How could the agency leverage its existing tools and authorities to identify potential alternatives, and work with other stakeholders to encourage the testing and development of these products in a time frame that could meaningfully impact the current opioid crisis?
http://www.nationalacademies.org/hmd/~/media/639D62B65838468A96631319B5B964F5.ashx
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http://www.nejm.org/doi/pdf/10.1056/NEJMsr1706626
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https://www.nih.gov/research-training/medical-research-initiatives/heal-initiative/executive-summary-development-safe-effective-non-addictive-pain-treatments
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https://www.statnews.com/2016/04/26/ketamine-drugs-repurposing/
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3. Bringing together the FDA’s current critical data assets in a single secure computing environment could allow for the rapid development and testing of promising drug development tools (including virtual control arms and in silico modeling); facilitate the training and validation of AI and machine learning programs both externally and internally; and improve the agency’s ability to meet Congressional requirements of the 21st Century Cures Act relating to qualified data summaries and expanded drug indications across diseases that share common genetic or protein pathways. 

How can the agency achieve these goals while still protecting confidential commercial information?  
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm596554.htm
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https://www.healthdatamanagement.com/news/fda-to-create-centralized-digital-health-unit
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4. Clinical trial participation remains low among some minority groups, and in some geographic regions.  

How can we use existing digital architecture like EHRs and innovative training modules to help clinicians operating in these environments bring clinical trial participating to the point of care in under-represented communities, and lower both the technical and cost barriers to more diverse clinical trials participation that better reflects these communities?    
https://academic.oup.com/jnci/article/109/11/djx187/4157738
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5226988/
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3:30 p.m.
Open Public Hearing



4:30 p.m.
Final Thoughts, and Closing Comments
Mark McLellan, PhD, Science Board Chair
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FDA Statement

Statement from FDA
Commissioner Scott Gottlieb,
M.D., on Administration’s
request for new FDA funding to
promote innovation and
broaden patient access through
competition

For Immediate Release

February 13, 2018

Summary

Additional resources will help advance initiatives to support novel medical technology
and public health priorities such as generic drug development, pharmacy outsourcing
and novel domestic manufacturing capabilities

Statement

New scientific opportunities, as well as advances in manufacturing and commerce,
give the U.S. Food and Drug Administration new ways to advance our mission to
protect and promote public health. Leveraging these opportunities requires us to
make investments in regulatory science that can reduce uncertainty for innovators,
spur investment in new industries and provide principles for the safe and effective
development of new technologies. These same advances also give us new ways to
support greater availability and use of generic drugs as a way to promote price
competition and patient access.

Toward these goals, the Administration’s newly released budget request provides the
FDA with the resources to continue to fund our current programs at consistent levels.
The request will allow the agency to continue to support our core public health

https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm...
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mission, including protecting the safety of the foods we eat. It also includes about
$400 million in additional funding to advance planned initiatives to further promote
innovation and competition, and advance the health and safety of American families.

These initiatives are aimed at supporting new and ongoing efforts to foster more
investment and innovation in the development of therapeutics and diagnostics that
target unmet medical needs; advance drug and device competition; stand up new
domestic industries — such as pharmacy outsourcing facilities; and create more
modern, domestically-based manufacturing, including continuous manufacturing of
drugs and biological products, including vaccines. These manufacturing platforms can
bring more businesses back to the U.S., help lower drug and device development
costs and reduce the risk of shortages.

Investing in these initiatives will help the FDA advance goals that we all share:
improved treatment and diagnostic options for patients; lower healthcare costs; the
development of new industries that will lead to U.S.-based jobs; and manufacturing
advances that are more reliable, lower cost and high quality.

Here's a closer look at some of the initiatives and investments that we plan to pursue:

Promote Domestic Manufacturing: Advancing Modern Drug and Biological
Product Manufacturing Technologies, Through the Development of Efficient
Regulatory Pathways

The FDA recognizes that the U.S. pharmaceutical and biotechnology industries are
moving toward advanced manufacturing technologies, such as continuous
manufacturing, for both small-molecule drugs and biological products (including cell
therapies and vaccines) to improve the agility, flexibility, cost and robustness of
manufacturing processes. These technologies have great potential to accelerate new,
more targeted therapies, enhance product quality and bolster stability in the U.S. drug
supply to meet domestic and global needs. These new manufacturing platforms may
be especially important in the development of personalized medicines and novel
technologies. This includes innovations such as cell- and gene-based therapies, and
vaccines. With continuous manufacturing platforms, vaccine supply can be more
easily ramped up on short notice, and vaccines themselves adapted over a shorter
time period to address infectious diseases, such as the flu. The application of this
kind of enabling technology to vaccine production has long been a strategic priority
for the U.S. Armed with a robust scientific understanding of the requirements and the
impact of these advanced manufacturing technologies, the FDA can help industry
make investments in these new technologies and grow these opportunities. By
developing a science-based framework that includes the regulatory tools and
guidance for how products developed in these systems will be evaluated, and by
funding research, development and testing of the enabling technologies, the agency
can help reduce the cost and uncertainty of adopting these new manufacturing
platforms. The FDA would lead stakeholders in the development of clear scientific
standards, policy and guidance to support the effective and efficient adoption of these
new manufacturing platforms, including the new inspectional methods they’ll require.

As an additional benefit, these small-footprint, high-technology manufacturing
platforms are more likely to be domiciled in the U.S. Their adoption could return
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product manufacturing to domestic sites, helping to foster job creation. Specific
regulatory support for small molecule drugs, as well as biological products, would
promote innovation in these manufacturing platforms and support the development of
this advanced domestic technology to improve patient care and facilitate access to
new therapies.

Advance a New Domestic Drug Industry and Promote Access by Establishing
the Outsourcing Facility Sector as a Robust and Reliable Source of
Compounded Products

The FDA proposes the creation of a “Center of Excellence on Compounding for
Outsourcing Facilities” and expanded FDA engagement with outsourcing facilities and
states to help the pharmacy outsourcing industry grow to meet its intended function
and adhere to higher quality standards to protect patient health. The wider availability
of reliable compounded drugs that meet standards for Good Manufacturing Practices
could promote access to compounded drugs for patients who need them. These new
outsourcing facilities would represent a largely domestic industry.

The Center of Excellence would identify and propose solutions to market barriers to
lower the cost for pharmacies to become outsourcing facilities. The Center would
provide much-needed education and training to improve product quality, safety and
purchaser confidence, and help the FDA adjust its regulatory oversight to better
match the scope of production of an individual compounding pharmacy. The FDA
would work with industry to improve manufacturing practices, create new programs
relating to requested review of method design and stability study protocols, and work
with state partners to reduce challenges associated with state regulatory diversity and
support state-based oversight of pharmacies.

Bring MedTech Manufacturing Home: Advance Medical Device Manufacturing
and Quality

The FDA would establish a voluntary program for device manufacturers to receive
certification for meeting objective manufacturing and product quality criteria. This
would make the process for introducing innovations in how medical devices are
manufactured more efficient and predictable. In turn, this program would encourage
device manufacturers to make investments to re-tool their manufacturing processes in
ways that can facilitate manufacturing innovation, encourage investment in new
production methods and materials, and lead to better medical products.

This more modern and nimble framework would make it more efficient for device
developers to innovate manufacturing processes in ways that can allow devices to
better meet the needs of patients and the expectations of providers — such as through
intelligent, automated processes that monitor and record manufacturing quality
metrics, incorporating features and technological characteristics that can contribute to
better options and higher quality that achieves their clinical purpose. The agency is
already working collaboratively with industry, patients, providers and payers through
the Medical Device Innovation Consortium to develop the parameters of the program.
As part of this approach, the FDA would recognize third-party certifiers and offer
regulatory incentives for those manufacturers who receive certification demonstrating
their quality capability. These actions would increase manufacturing innovation,
accelerate availability of high-quality devices to patients and foster a competitive
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marketplace around device quality similar to other industries, such as automotive and
aerospace, that would advance device innovations, reduce manufacturing costs and
improve the quality and safety of medical devices. As medical devices become more
complex — and given the frequent modifications made to devices -- spurring advanced
manufacturing and creating a competitive marketplace for device quality is critical for
both driving technological innovations and assuring patient safety.

Create a New Medical Data Enterprise: Advance the Use of Real-World
Evidence to Improve Human and Animal Health and Support Pre-Market
Evaluation and Post-Market Safety

The FDA will advance the use of real-world experience to better inform patient care
and provide more efficient, robust and potentially lower-cost ways to develop clinical
data that can inform product review and promote innovation. The FDA will establish a
new capability, including the development of data and analytical tools, to conduct
near-real-time evidence evaluation down to the level of individual electronic health
records for at least 10 million individuals in a broad range of U.S. healthcare settings.

Toward these ends, an expanded use of natural language processing for the
assessment of information submitted to the agency would be developed in an effort to
markedly speed recognition and remediation of emerging safety concerns. The effort
would cover a broad range of medical products, including drugs, biologics and
medical devices. The healthcare settings would be carefully selected to cover data
gaps in the Sentinel and National Evaluation System for health Technology (NEST)
systems for FDA-regulated products not currently easily assessed with existing
systems.

Expanding the FDA's capacity to utilize real-world evidence to evaluate the pre- and
post-market safety and effectiveness of medical products would generate processes
that could improve the efficiency of the regulatory process, better inform patients and
providers about pre-and post-market safety, reduce some of the burdens that drive up
the time and cost required to bring beneficial innovations to the market and address
barriers that can make certain important safety and effectiveness information around
the real-world use of products hard to collect and evaluate. The agency has already
leveraged the use of real-world data to reduce the time and cost of clinical evidence
development resulting in more timely and informative post-market data collection and
more timely and efficient approvals of new devices and expanded indications of
already marketed drugs and devices, including for drug-eluting stents, pacing leads,
companion diagnostics, a spinal cord stimulator and a pediatric ventricular assist
device. In the case of transcatheter heart valves, leveraging real-world evidence has
already resulted in a greater than 400 percent cost savings for industry, improved
post-market surveillance and moved the United States from 42nd to, in some cases,
first-in-the-world approvals for life-saving technologies.

Facilitate Growth and Spur Transformation of the Digital Health Technology
Industry by Shifting Regulation to an Efficient and Novel Framework for
Reliable Post-Market Oversight

The FDA is working collaboratively with industry, patients and providers to establish a
new paradigm for digital health technologies under which a company could market
lower-risk products without FDA premarket review and market higher-risk products
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following a streamlined FDA premarket review if the company receives a prior third-
party certification for engaging in high-quality software design and testing (validation)
and ongoing maintenance. This regulatory model would be fully proven and expanded
from its current pilot status to a broader program. For low-risk products, rather than
evaluate each individual digital health product before the product comes to market,
the FDA would instead focus its resources on validating the quality of a firm’s
software design and the firm’s methods for certifying the quality and reliability of its
underlying software performance. The agency would further reduce the time and cost
of market entry of digital health technologies while assuring appropriate patient
safeguards by relying on post-market collection of real-world data to support new and
evolving product functions.

Also, the agency would create a Center of Excellence on Digital Health to establish
the regulatory paradigm, build new capacity to evaluate and recognize third-party
certifiers, and support a cybersecurity unit to complement the advances in software-
based devices. To modernize and expand its existing capabilities to ensure the
cybersecurity of medical devices, the FDA would enhance its ability to coordinate
device-specific responses to cybersecurity vulnerabilities and incidents. The FDA also
would implement the modern, agile information technology systems necessary to
support this new regulatory paradigm, foster and review breakthrough device
innovations, and leverage real-world evidence. Implementing these regulatory
innovations and information technology improvements are essential for advancing
software-based technologies to improve the health and quality of life of patients while
assuring critical safeguards as the current regulatory framework is not well-suited for
driving the development of safer, more effective software-based devices, including the
use of machine learning and artificial intelligence.

Create a New Platform for How the Agency More Efficiently Develops and
Validates Modern Science-Based Principles for New Drug Development and
Shares this Information with Innovators

In order to better keep pace with rapidly advancing science in drug development, the
FDA would build a knowledge management system and portal to existing and
developing information on drug development and previous regulatory decisions. This
content management platform would greatly improve workflow and review program
efficiency and foster greater collaboration. It will enable the FDA to build on evolving
information and decisions and identify gaps in regulatory policies and pathways
enabling rapid, consistent responses to regulatory questions and preventing delays in
response to innovations in drug development.

As part of this platform, the agency also would expand its capability to quickly
evaluate new regulatory questions, using laboratory research or other appropriate
methods. With the additional funding, the Oncology Center of Excellence also would
stand up a new model for team-based product review that fosters collaboration across
our medical product centers, improves review efficiency and expedites the
development of novel science that can improve the lives of patients with cancer.

Stimulate Investment In, and Innovation of, Medical Products Targeted to Rare
Diseases

To foster investment and innovation in, and medical product development for, rare
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diseases, the FDA would develop clinical trial networks to create an understanding of
the natural history (such as individual patient experiences and progression of
symptoms) and clinical outcomes of rare diseases. The FDA would leverage this
novel framework when promising medical products have been identified for patients.

The initial focus would be on rare and ultra-rare diseases, where product
development can be challenging because of the difficulty of recruiting clinical trials.
The FDA has already invested, on occasion, in the development of natural history
models for a small subset of rare diseases and has expertise in this area. The FDA
would stimulate medical product development for rare diseases by expanding and
enhancing the understanding of rare diseases and the research and drug
development processes in this space.

Modernize Generic Drug Development and Review to Enable Increased
Competition, Promote Generic Drug Substitution and Provide Affordable
Options for American Patients

The FDA will create a new review platform that would significantly modernize generic
drug review from a text-based to a data-based assessment with structured
submissions and FDA assessments. This more automated system would help to
support timely development and review of generic drugs by improving clarity for
generic sponsors, making initial reviews more efficient and decreasing the risk of
refuse-to-file letters, increasing the rate of first-cycle approvals and greatly increasing
overall efficiency.

This investment would also support efforts to update generic drug labeling, with an
initial focus on oncology products, as part of the agency’s efforts to ensure that
patients and their providers have access to up-to-date information to inform clinical
decisions. If more generic drugs had up-to-date product labels reflecting the latest
treatment information, it would encourage wider adoption of generic medicines.

Conclusion

As I've previously noted, our work at the FDA is taking place during an inflection point
in both science and policy. There’s perhaps never been a better moment in the history
to be engaged in public health, and to be leveraging the capabilities of the FDA to
support new investment and product innovation.

The U.S. life sciences sector represents one of our nation’s great modern
achievements. It's a source of rich intellectual property, high-paying jobs and products
that are improving the lives of people around the world. We have more opportunity to
deliver on the promises of science than at any time before and use new tools and
medical advances to alter the trajectory of disease. We are grateful for the
Administration’s support of these initiatives and believe these new investments in our
agency’s mission will ultimately lead both to better health outcomes for American
families and to greater U.S. economic development.

The FDA, an agency within the U.S. Department of Health and Human Services,
protects the public health by assuring the safety, effectiveness, and security of human
and veterinary drugs, vaccines and other biological products for human use, and
medical devices. The agency also is responsible for the safety and security of our
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nation’s food supply, cosmetics, dietary supplements, products that give off electronic
radiation, and for regulating tobacco products.
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Introduction

CBER Vision

The Center for Biologics Evaluation and Research (CBER) uses
sound science and regulatory expertise to:

1. Protect and improve public and individual health in the
United States and, where feasible, globally;

2. Facilitate the development, approval of, and access to safe
and effective products and promising new technologies; and

3. Strengthen CBER as a preeminent regulatory organization for
biologics.





Introduction

CBER Mission

To ensure the safety, purity, potency, and effectiveness of biological products
including vaccines, blood and blood products, and cells, tissues, and gene
therapies for the prevention, diagnosis, and treatment of human diseases,
conditions, or injury.

1. Defend the public against the threats of emerging infectious diseases and
bioterrorism.

2. Develop, maintain, and support a high-quality and diverse workforce;

3. Ensure compliance with laws and regulations through review, education,
surveillance, and enforcement; and

4. Conduct research as an essential element of science-based decision-
making





Charge to the Science Board

1. How CBER’s scientific endeavors support the Center’s
regulatory mission.

2. Recommended changes in CBER to its regulatory science
research portfolio to best accomplish our regulatory and public
health mission.

3. Gaps in regulatory science capabilities or expertise.

4. Opportunities for collaboration to better leverage CBER’s
regulatory science programs.





CBER Research Program Evaluation Subcommittee

Established March 17, 2017, and will complete its service on or after April 30, 2018

Members:

Barry J. Byrne, MD, PhD,
Subcommittee Chair

Cellular, Tissue and Gene
Therapies Advisory Committee
Arnold S. Monto, MD,
Subcommittee Co-chair
Vaccines & Related Biological
Products Advisory Committee

Cynthia A. Afshari, PhD, DABT
FDA Science Board

Tabassum Ahsan, PhD (served until

7/25/2017)

Cellular, Tissue and Gene Therapies

Advisory Committee

Anthony Bahinski, PhD, MBA,
FAHA

FDA Science Board

Col. Michael R. Nelson, MD, PhD
Allergenic Products Advisory
Committee Advisory Committee
Steven W. Pipe, MD

Blood Products Advisory
Committee

Bruce M. Psaty, MD, PhD, MPH
FDA Science Board

Theodore F. Reiss, MD, MBE
FDA Science Board

Sonja S.B. Sandberg, SB, PhD
Blood Products Advisory
Committee

Minnie Sarwal, MD, DCH, FRCP,
PhD

FDA Science Board

Scott J.S. Steele, PhD

FDA Science Board

Christopher P. Stowell, MD, PhD
Blood Products Advisory
Committee





Evaluation Process

e Background Material & 6 teleconferences with CBER
leadership, research management and research staff

* One-day site visit including meetings and presentations
from CBER leadership and research staff

* CBER responses to questions





Major Findings in 6 Areas with Associated Recommendations

Research Priorities
»Develop a Center-wide horizon-scanning process

Adaptive Scientific Infrastructure
» Develop contingency plans to provide the ability to shift
resources and projects
Research Collaborations

» External collaborations should be expanded to include
personnel exchanges with other government agencies






Recommendations

Researcher-Reviewer Model

» Designating some amount of “protected time” for research
activities

» Consider a sabbatical program for intramural scientists in
academic laboratories

» Assure appropriate travel funding for investigators to stay
abreast of emerging technologies, including presentation and
participation in national meetings





Recommendations

Training, Professional Development and Future Workforce

»Expand mentorship/professional development program for
staff

Core Facilities
»Provide necessary resources and staff






Conclusions

* CBER has developed a robust research program which is
essential to the researcher-reviewer model.

* The research conducted in each CBER Office, is both highly
relevant to the overall CBER mission as well as advancing
scientific understanding of important questions on the
national and international level.





Conclusions

* The necessary resource management is in place to maximize
productivity and CBER has properly managed resources to
develop an outstanding research program.

 CBER’s research program can be enhanced by developing
cross-FDA and external collaborations as well as conducting
horizon scanning to anticipate future scientific and public
health areas for investigation.
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Drug Repositioning with Bioinformatics

Liu et.al. in silico drug repositioning-what we should know? Drug
Discovery Today, 2013, 18(3-4):110-5.

Goals: identify new indications
of marketed drugs for:

— Rare and neglected diseases
— Safer drugs

— Inexpensive drugs

— Drug shortage

Premises:

— “similar drugs” have the same
therapeutic effects

— “similar diseases” can be
treated with the same drugs

Approach: “Similarity” is
measured with diverse data
using bioinformatics





Rare and Neglected Diseases

~7000 diseases affect humans with limited therapeutic option

— Low prevalence, i.e., “rare” (prevalence <200,000 in U.S.)
* Most are single gene diseases

e <250 have any pharmacotherapy available. "f:“:

— High prevalence but “neglected”

* Occur mainly in developing nations (treatment costs prohibitive )
* Most are infectious

The FDA’s Office of Orphan Products Development (OOPD) aims to

advance the evaluation and development of products that demonstrate

promise for the diagnosis and/or treatment of rare diseases or conditions.
— The Rare Disease Repurposing Database (RDRD) in FDA:

http://www.fda.gov/Forlndustry/DevelopingProductsforRareDiseasesConditio
ns/HowtoapplyforOrphanProductDesignation/ucm216147.htm

33-37% approved drugs for each of the past six years are for rare diseases.





13 out of 39 New Drugs Approved by
CDER in 2012 are for Rare Diseases

Active
Whatit's used for

Ingredient

Vaaxaze glucarpidase PO To treat patients with toxic levels of methotrexate in their blood due to kidney failure

For the treatment of a rare form of cystic fibrosis (CF) in patients ages
Kalydeco Ivacaftor PO 6 years and older who have the specific G551D mutation in the Cystic
Fibrosis Transmembrane Regulator (CFTR) gene

For longterm enzyme replacement therapy to treat a form of Gaycher disease, arare
genetic disorder

. ] To treat patients with multiple myeloma who have received at least two prior therapies,
5,0 . i . . .
Kprlle cadfizomib ' including treatmentwith Velcade (hortezomib) and an immunomeodulatory.
L To treat chronic myelogenous leukemia (CML), a blood and bone marrow disease that
It bosutinib = usually affects older adults.

synrbo omacelaxine 50 To treat adults with chronic myelogenous leukemia (CML), a blood and bone marrow disease.

Cometrg cabozanfinib PO To treat medullary thyroid cancer that has spread to other parts of the body (metastasized)
] - To treat adults with chronic myeloid leukemia (CML) and Philadelphia chromosome positive

I PO . ; :

Kusig penatnib ! acute lymphoblastic leukemia (Ph+ ALL), two rare blood and bone marrow diseases.

; ; To treat inhalational anthrax, a form of the infectious disease caused by breathing in the spores of

raxibacumab PO
faxlbacumab ' the bacterium Badillus anfhracis.
Sianifor pasiregtide P, O To treat Cushings disease pafients who cannot be helped through surgery
: To treat adults with short bowel syndrome (SBS) who need additional nutrition from intravenous
fedualutide S0
b ' feeding (parenteral nutntion)
- To reduce low-density lipoprotein (LDL) cholesterol, total cholesterol, apolipopiotein B, and non-
Juxtapid lomifapide. S0 high-density lipoprotein (non-HDL) cholesterol in patients with homozygous familial
hypercholesterolemia (HoEH).
Sirturo bedaquiline PO As part of combination therapy to treat adults with multi-drug resistant pulmonary tuberculosis

(TB) when other alternatives are not available.






Replacing Unsafe Drugs with Safer Ones

* Marketed drugs are one important resources for drug repurposing,
however, safety assessment is still a key step.
— ~ 600 drugs with Boxed Warnings in drug labels.
— OTC drugs for drug repurposing, e.g.
* Vitamin E for treatment of nonalcoholic steatohepatitis (NASH)

* U.S. FDA has hierarchical regulatory rules to monitor safety in each phase
of drug development, which could facilitate the drug repurposing process.

* Available resources:

— FDAlabel™:
http://www.fda.gov/ScienceResearch/BioinformaticsTools/ucm289739.htm

— FAERS:
http://www.fda.gov/Drugs/GuidanceComplianceRegulatorylnformation/Survei
llance/AdverseDrugEffects/default.htm






Finding Affordable Alternatives

Specialty Drugs
— Very expensive: Kalydeco for cystic fibrosis: $297,000/year (~$5700 per week)

— Treat the health conditions that often have few or no other alternative
treatments

— Generally require special handling

— Often prescribed for chronic, complex, or rare health conditions

* E.g., cancer, hepatitis C, hemophilia, rheumatoid arthritis, cystic fibrosis, infertility,
HIV, or multiple sclerosis

Specialty drugs will account for 50% of all drug costs by 2018

In 2010, the Affordable Care Act (ACA 6004) was signed into law to ensure
that specialty drugs meet the FDA’s standards of safety and efficacy.

Available resources:
— DrugBank: http://www.drugbank.ca/
— GoodPx: http://www.goodrx.com/






Drug Availability Is Also An Issue

" Drug shortages endanger cancer patients, study finds

n Liz Szabo, USA TODAY 8:48 a.m. EDT June 3, 2013 %
Most cancer specialists say their patients have been affected by
Fl shortages of critical cancer drugs, mostly caused by m
L]

manufacturing problems at pharmaceutical plants. ali ty
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problems, delays, and discontinuations.

Available resources:

— Drug shortages in FDA:
http://www.fda.gov/Drugs/DrugSafety/DrugShortages/default.htm

— American Society of Health System Pharmacists (ASHP): http://www.ashp.org/






Drug Repositioning with Bioinformatics

Goals: identify new indications
of marketed drugs for:

— Rare and neglected diseases
— Safer drugs
— Inexpensive drugs

— Drug shortage

Premises:

— “similar drugs” have the same
therapeutic effects

— “similar diseases” can be
treated with the same drugs

Approach: “Similarity” is
measured with diverse data
using bioinformatics

Liu et.al. in silico drug repositioning-what we should know? Drug
Discovery Today, 2013, 18(3-4):110-5.





What's Cystic Fibrosis?

Disease

* Cystic fibrosis is an inherited chronic disease (rare disease) )
that affects the lungs and digestive system

* ~30,000 children and adults in the United States (70,000

f}p

SRy worldwide)
'I characiterizeg f?_'yrrel::.uglgm
| 6 malabsorption of — ~1,000 new cases per year

nutrients by the pancreas

\ — The median age of survival is late 30s

Unaffected
"Carrier"
Father

e K Kalydeco (VX-770) was developed with the help of
S75mil from the Cystic Fibrosis Foundation and was
approved by the FDA in 2012.

* Only for people with CF ages 6 and older with G551D
mutation of CF

* Very expensive!
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Hypotheses

Cystic fibrosis (CF) is regulated by a set of feed-forward loops (FFLs) that
contains genes-TF-miRNA

Drugs interfering the CF specific FFLs can treat CF

n= Q Drug A
[ Cystic | b \% D
fibrosis \ et
— \ A&
Gene Gene \ 4 Drug C

Feed-Forward Loops
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The composite feed-forward loops

(FFLs) for cystic fibrosi

2

the green diamond nodes, the blue rectangle and the gray ellipse denote

transcription factors (TFs), miRNAs and genes, respectively. The t-shape edge and
circle-shape edge and gray solid line represent repression of miRNAs to genes/TF,
regulation of TFs to genes/miRNAs, and protein-protein interaction, respectively.
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Repurposing candidates for cystic fibrosis

Involved
Drug Names
FFLs

hsa-mir-
dexamethasone
26b<—>CREBBP

hsa-miR-
simvastatin
200c<>JUN

hsa-mir-

26b<>CREBBP and
levamisole
hsa-miR-

200c<>JUN
hsa-miR-
200c<>JUN and
Choline
has-miR-
29c<>TFAP2C

hsa-miR-

Original Indication

Anti-inflammatory; Oncologic
uses; glucocorticoid resistance;

Obstetrics; High altitude illnesses

hypercholesterolemia

Dukes' stage C colon cancer;

worm infestations

dietary shortage or imbalance

Boxed

Warnings

No

No

No

No

Price

($)*

48.76

3.50

75

4.38
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Charge to the Science Board (Note: Formal, full charge, found in Appendix 3)

Briefly, the charge to the Science Board subcommittee is to address:
1) How CBER’s scientific endeavors support the Center’s regulatory mission.

2) Recommended changes in CBER to its regulatory science research portfolio to best
accomplish our regulatory and public health mission.

3) Gaps in regulatory science capabilities or expertise.

4) Opportunities for collaboration to better leverage CBER’s regulatory science
programs.
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Executive Summary

The Center for Biologics Evaluation and Research (CBER) has maintained and
advanced a strong research program that effectively supports its regulatory and public
health mission. The researcher-reviewer model utilized by CBER has proven to be an
extraordinarily effective approach, one that provides flexibility to recruit and retain highly
gualified scientists. In addition, CBER engages in a number of external research
collaborations that are not only essential to maintain active regulatory science research
programs, but also help CBER be well-positioned to anticipate and respond to emerging
regulatory challenges. CBER also provides critical core facilities to support research
initiatives across CBER, and in some cases other parts of FDA. In general, CBER has
been responsive to addressing emerging regulatory challenges, in particular, pandemic
and other infectious disease threats to the public health.

Major recommendations:

CBER should develop a Center-wide horizon-scanning process that identifies
gaps to inform development of research priorities and planning. This plan should assure
that strategic and budget planning reflect appropriate distribution of resources weighted
toward emerging and rapidly evolving arenas.

To augment CBER'’s ability to respond rapidly to emerging threats and rapid
technology developments, CBER should engage the Regulatory Science Council and
the Resource Committee to develop contingency plans to allow rapid shifting of
resources, projects, and personnel with less disruption.

External collaborations should be expanded to include personnel exchanges with
other government agencies such as National Institutes of Health (NIH), Center for
Disease Control (CDC), Department of Defense (DoD), etc, as well as through Public
Private Partnership activities, particularly in emerging scientific areas of regulatory
significance.

To support the researcher-reviewer model, enhance ability to recruit and retain
scientific talent in key emerging science and technology, CBER should consider the
following:

Designating some amount of “protected time” for research activities;
Consider a sabbatical program for intramural scientists in academic laboratories
Assure appropriate travel funding for investigators to stay abreast of emerging
technologies.

Expand mentorship/professional development program for staff.

Steps should be taken to expand and diversify training programs to recruit
talented post-baccalaureate and post-doctoral scientists to the agency.

CBER core facilities are an important resource and providing necessary
resources and staff should be a priority.
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Introduction

By virtue of the designation as a center for evaluation and research, CBER has a
key responsibility to conduct research. The mission to conduct research enhances the
overall mission of the FDA to provide safe and effective drugs, veterinary medicines,
food, biological products and medical devices. A large proportion of time and effort is
allocated to the evaluation of new products, but research is necessary to advance
regulatory decision-making and to maintain the expertise needed to adequately evaluate
these products. CBER embraces the researcher-reviewer model where a subset of
reviewers are tasked with spending some of their time on research.

CBER oversees a wide variety of products including vaccines, certain
recombinant proteins, cell and gene therapies, tissues, and blood and blood
components. Each of these product areas has a separate office, for example, the Office
of Vaccines Research and Review focuses on vaccines. In addition, there is a cross-
cutting Office of Biostatistics and Epidemiology that supports all the product areas.

This report is organized into five parts. The first part provides the key findings
and recommendations that are cross-cutting and relevant to the entire CBER research
program. The next four parts are specific to each of the four Offices that perform
research as a portion of their overall responsibilities: Office of Biostatistics and
Epidemiology, Office of Blood Research and Review, Office of Tissues and Advanced
Therapies, and Office of Vaccines Research and Review.
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CBER Cross-Cutting Themes

GENERAL OVERVIEW AND RECOMMENDATIONS

The Subcommittee agreed that CBER has been very effective in conducting its
regulatory and public health mission, particularly in maintaining and in some areas
advancing a strong research program despite growing budgetary constraints, evolving
demands and repositioning of resources. Additionally, the new management process
recently implemented by CBER should further support their program. These
accomplishments are substantial. Nonetheless, the Subcommittee, according to its
charge, identified several areas that CBER should consider addressing to improve their
ability to anticipate future regulatory challenges and respond to internal and external
demands. There are several cross-cutting issues critical to CBER’s research, training,
and core scientific infrastructure to support its broad regulatory and public health
missions.

SETTING RESEARCH PRIORITIES AND PROVIDING A NIMBLE SCIENTIFIC
INFRASTRUCTURE

Key Findings

CBER has recognized the importance of ensuring the Center is prepared to
anticipate emerging biological products and this is reflected as a key consideration in
their interim strategic plan, particularly through Goal 4 (Preparing for future regulatory
and public health challenges).

While CBER has made hiring decisions to address specific scientific gaps, the
broader Center-wide process for prioritizing intramural research areas and conducting
horizon scanning is uncertain. The current approach appears primarily driven at the
branch and office level, but it is unclear how this is informed by or tied to broader CBER-
wide haorizon scanning and needs assessments.

Given the broad responsibilities and corresponding science portfolio for CBER,
defining gaps and setting overarching scientific priorities seems critical. At the same
time, ensuring preparedness and response to domestic and global public health needs
and emergencies creates additional demands on FDA, in some cases requiring rapid
redeployment of existing resources and scientific programs to address emerging needs.
These emergency responses may on occasion leave some programs understaffed for
potentially long periods.

The CBER scientific program has many strengths, yet uncertainties in the federal
budget make planning for future growth difficult. Additionally, it is difficult to expand
programs at a time when other traditional funding sources are similarly stretched for
research support. It is imperative that each program be integrated across CBER to
maximize the contribution of each laboratory to their Office and the overall mission of
CBER.
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Recommendations

CBER should consider a broader horizon scanning process that would then help
identify scientific gaps and recommend research priorities across the Center. This
process should result in developing a center-wide plan that outlines approaches for a
combination of both intramural programs and extramural collaborations to address these
needs. The intramural component would provide broad goals and a general framework
or outline for how each of the offices would contribute to addressing these needs, while
the offices could then develop the more specific implementation plan at the office and
laboratory level based on their expertise and capabilities. The plan should maintain a
level of flexibility and independence to the offices and laboratories and, at the same
time, maintain a clear alignment with a broader strategic research plan. This
overarching plan and corresponding alignment with extramural initiatives and intramural
offices and labs would also provide for a future evaluation of progress on these research
priorities. Given the Charter for the CBER Regulatory Science Council (RSC), this group
would appear to be the appropriate one to lead this activity for the Center.

Integrated with this planning process is the need to even further ensure nimble
responses to future needs and enhance the capacity to shift resources and projects
more rapidly to respond to immediate requirements and emergencies. While CBER has
been very effective in supporting responses to bioterrorism threats and emerging
infectious diseases, these situations and rapid technology developments will continue to
arise at an even faster rate. Additionally, this will likely occur in a climate of increased
funding constraints. Creating an even more nimble and adaptive governance structure
and culture will be essential for CBER, and the RSC and CBER Resource Committee
should develop contingency plans to provide the ability to shift resources and projects
(with personnel) in a more rapid and less disruptive manner. This will be tied to a more
transparent strategic research plan with a mix of intramural programs and extramural
research collaborations, including an effort to identify additional opportunities for external
funding to support individual and collaborative research projects.

RESEARCH COLLABORATIONS

Key Findings

CBER engages in several FDA-wide and external research collaborations,
particularly with academic institutions, industry (via Research Collaboration Agreement
and Cooperative Research and Development Agreements) and other government
agencies, that are not only essential to maintain active regulatory science research
programs, but also help CBER to be well positioned to anticipate and respond to
emerging regulatory challenges.

Recommendations

There would be value in further expanding collaborations and personnel
exchanges with agencies addressing similar emerging areas, as the recent responses to
Ebola and Zika have demonstrated. Key research partners could include NIH, CDC, and
DoD, who have shared research challenges and gaps where a scientific collaboration is
well suited.

7|Page





Additional incentives should be provided for these external collaborations,
including reviewing opportunities and any barriers for individually (or jointly) applying for
funding opportunities to support these collaborations. Identifying external funding
sources to support these collaborations was identified as a challenge and approaches
utilizing agency contracts and interagency transfers should be explored. {Note: specific
external collaborations would also be informed by the horizon scanning and research
planning process outlined above}

The Subcommittee believes CBER would also benefit from having increased
knowledge of what is coming in the pre-Investigational New Drug (IND) pipeline, not only
from large pharma and smaller biotech companies but also from earlier stage discovery
research transitioning from University labs. CBER patrticipates in some of the existing
consortia and Public Private Partnership activities through groups such as the
Foundation for NIH and the Critical Path Institute, and sponsors scientific workshops
relevant to emerging product areas. However, increased engagement in relevant
groups, and perhaps sponsoring additional workshops that particularly engage the
private sector on emerging scientific areas, should be considered.

While CBER participates in many internal collaborations with other FDA Centers,
the subcommittee suggests that these collaborative efforts could be expanded and
further utilized as a valuable resource for research and training.

RESEARCHER-REVIEWER MODEL

Key Findings

The Researcher-Reviewer Model utilized by CBER has proved to be an
extraordinarily effective approach, one that provides flexibility to recruit and retain
scientists in key areas of need. Indeed, this model has been recommended to other
FDA centers. The Researcher-Reviewer role also serves as a critical hybrid model for
CBER to support diverse missions and anticipate emerging regulatory science. This
allows individuals to maintain their research activities and scientific expertise, which then
further informs their ability to optimally carry out their regulatory responsibilities. At the
same time, these diverse responsibilities can create significant challenges when other
pressing regulatory demands, emergency responses or other priorities emerge.

Recommendations

The Researcher-Reviewer role is central to CBER’s meeting its scientific,
regulatory and broad public health responsibilities and should be strongly supported to
ensure that there are sufficient incentives and flexibility to maintain this role. Because
the researcher-reviewer models serve as a cornerstone of CBER’s regulatory science
effort, consideration should be given to designating some amount of “protected time” for
these research activities.

Given the diverse responsibilities and challenges with the workload for
Researcher-Reviewers, one of the first areas to be adversely affected by competing
priorities is likely to be the scientific duties: research, meetings/conferences, peer
review, etc. Flexibility and increased incentives to maintain this scientific expertise is
critical.
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TRAINING, PROFESSIONAL DEVELOPMENT AND FUTURE WORKFORCE

Key Findings

Supporting training and professional development opportunities for current CBER
staff is an important element to maintaining awareness of emerging science and
anticipating future biological products that the agency will need to address. In addition
to more formal course work, this can include participating in meetings and conferences
and engaging in peer review. Having current staff participate in details/exchanges to
other agencies or academia can also provide unique opportunities for further scientific
and professional development, bringing that experience and knowledge back to the
agency when they return.

In addition to FDA personnel participating in exchanges, bilateral exchanges with
other agencies and academia can also contribute to bringing new scientific expertise into
the agency, and in some cases help encourage future external research collaborations
or recruiting future employees to the agency.

To initially recruit a range of scientists and other professions to the FDA, CBER
regularly utilizes the Oak Ridge Institute for Science Education (ORISE) Fellowship and
other fellowship programs to bring in post- baccalaureate and postdoctoral fellows, as
well as bringing in staff fellows and senior staff fellows in temporary government roles.
The broader need to address any challenges with utilizing the ORISE Fellow mechanism
and recommendations for other programs has been raised in prior reports from the
Science Board (see Scientific Engagement report). In addition, continued investment
and streamlining of the fellow/postdoc program will not only assure stability to the critical
research programs, but will also serve to engage talent for future FDA staff positions.

Recommendations

To further stay apprised of emerging areas, CBER staff should be provided with
sufficient budget and time (and ability to travel) to support participation in conferences
and engage in scientific exchanges. Exchanges/rotation opportunities should include
not only other parts of FDA and academia, but other agencies including NIH, Office of
the Assistant Secretary for Preparedness and Response (ASPR), Biomedical Advanced
Research and Development Authority (BARDA), CDC, Centers for Medicare & Medicaid
Services (CMS), DoD [Defense Advanced Research Projects Agency (DARPA), U.S.
Army Medical Research Institute of Infectious Diseases (USAMRIID), Air Force
Research Laboratory (AFRL), etc.], and National Institute of Standards and Technology
(NIST). These exchanges should be bi-directional, to also bring in well suited staff from
these agencies on details/assignments as well.

Steps should be taken to further expand and diversify training programs to
support bringing talented post-baccalaureate and post-doctoral scientists to the agency.
In the short-term, it is important to further identify approaches to utilize the ORISE or
other existing programs in a more flexible manner. Longer-term solutions have been
suggested and new programs are being considered, but addressing the short-term
needs is still required. (see also Scientific Engagement Report).

For more senior scientific staff, consider the following:
1) A sabbatical program for intramural scientists in academic laboratories
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2) Assure appropriate travel funding for investigators to stay abreast of emerging
technologies.
3) Expand mentorship/professional development program for staff.

IMPACT AND SUSTAINABILITY OF CORE FACILITIES

Key Findings

CBER at the Center level, OBE and other offices each provide critical core
facilities to support research initiatives across CBER, and in some cases other parts of
FDA. These research resources include the FDA animal facility, “Next Generation
Sequencing” (and other biotechnology services), flow cytometry, confocal microscopy,
specialized containment labs, and high performance computing infrastructure supporting
data visualization, data storage and other capabilities. These facilities and resources
(and the experts required to support these capabilities) require continual support,
training, maintenance and upgrades.

Recommendations

Sustaining CBER core facilities, including necessary resources and their staff
should be a priority. Sustainable funding models for these facilities and outlining their
role in supporting broader FDA-wide programs should be carefully developed, including
potential support from the Office of the Chief Scientist (OCS) as FDA-wide scientific
capabilities.
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OFFICE OF BIOSTATISTICS AND EPIDEMIOLOGY

Overview

The Office of Biostatistics and Epidemiology (OBE) provides support to all the
offices of CBER and thus its responsibilities are very broad. It provides biostatistical,
epidemiological and mathematical expertise to teams of CBER reviewers as they
evaluate new products for licensure. In addition, research is conducted to determine the
effect of potential new policies and regulations. For example, what would be the effect of
replacing the lifetime deferral on blood donation with a deferral of one year for
individuals at risk for transmission of HIV?

Many of the responsibilities of OBE go beyond CBER. Therefore, OBE works
collaboratively with the other FDA centers when it is appropriate to share expertise and
to avoid duplication of efforts. Some of the issues involve broad health issues impacting
a large segment of the US population who are receiving vaccines (many are given nearly
universally), or blood and blood products. To carry out this mission OBE works with the
Department of Health and Human Services (HHS), DoD and CDC. It also collaborates
with the World Health Organization (WHO) on global public health problems.

OBE has several exciting research projects. One of OBE’s research areas is the
use of large patient record databases for epidemiologic studies, such as the safety and
efficacy of vaccines and biologic products. Adverse event reports are submitted by the
public, medical personnel and manufacturers to Vaccine Adverse Event Reporting
System (VAERS) and FDA Adverse Event Reporting System (FAERS). They include
both structured fields and free form text that is time consuming to extract manually.
There is a very exciting, novel research project on natural language processing (NLP) for
to extract information from these text reports. The result will be a quicker, more efficient
analysis of potential problems with a licensed product. This NLP system could also be
used to search electronic health records, help conduct epidemiological studies and aid in
review of new product applications. The NLP system could result in improved
surveillance of safety of licensed products post-market when a larger number of people
are exposed to the product than during the clinical trials. It may be possible now to
identify the responses of specific subgroups and uncover potential risks using large
healthcare databases both public and private. Another area is research related to
clinical trials including Bayesian methods and adaptive design to enhance the ability to
evaluate submissions for licensure. These methods are particularly important in moving
beyond rigid requirements for certain designs and approaches which may not be feasible
in specific situations.

Findings

Cutting edge research is necessary to advance knowledge as new types of
products and new methodologies are developed. It is also essential to anticipate future
needs of CBER.

The high-performance computing laboratory enables researchers to use data
from next generation sequencing for personalized (or Precision) medicine and to run
large scale simulations such as the ones related to the effect of new regulations for
blood donation centers.

Recommendations

While it appears that OBE is doing a good job of leveraging its present resources
and finding fruitful collaborations with government agencies and academic institutions,
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additional resources would allow a greater effort to be applied to artificial intelligence
research and the development of the natural language processing system. This project
is in the beginning stages and holds great promise for product safety surveillance.

Regulatory demands tend to take time away from research and ways to preserve
research time is crucial. In the future, OBE will need to upgrade technology and replace
personnel as they leave and add new personnel to fill expertise gaps as they occur.
Some of the positions at CBER are postdoctoral fellowships and by their nature
temporary. Itis necessary to have an appealing workplace with stimulating challenges
to attract strong candidates. Potential employees who are considering a job at the FDA
are also being pursued by industry where the salaries are much higher and academia
where the intellectual challenges are great. To be competitive, the FDA needs to do its
best to ensure that there will be time to advance regulatory science and do interesting
research and that there will be funding to support this research. Travel to conferences to
present research findings and to develop contacts with other researchers is essential
and must be supported.
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OFFICE OF BLOOD RESEARCH & REVIEW

Overview

OBRR is composed of two main divisions focused on Blood Components and
Devices (DBCD) and Emerging and Transfusion Transmitted Diseases (DETTD). This
critically important office within the FDA is responsible for review of investigational and
commercial use of blood components, related drugs and devices, and devices for the
detection of transfusion transmissible pathogens and diagnostic tests for retroviral
infections. As such, they regulate the safe production of blood components including the
development of procedures and guidance for the blood industry. This office is charged
with addressing potential threats to the safety of blood components from emerging
infectious agents through preparedness and global public health outreach. Their
research program is focused on developing and maintaining a scientific base for
establishing methods and standards that ensure continued safety and effectiveness of
blood components and devices, development of expertise in all areas of bacteriology,
virology, parasitology and prion disease, as well as core knowledge in immunology,
biochemistry, cell and molecular biology. The research program has two broad goals to
assess and promote the safety and effectiveness of: 1) transfusion products and related
devices and technologies and 2) transfusion-transmitted disease agent donor screening,
tests and diagnostics.

The research program of OBRR is an excellent example of how regulatory
science supports the overall mission of CBER and the FDA. Their research facilitates
new product and device development and regulatory evaluation that assures the
continued safety of blood components as well as ensuring the highest level of
preparedness for emerging pathogenic threats. They have strong global outreach and
their work has advanced the field on a global scale. Within CBER, this office
demonstrates some of the strongest coordination with manufacturers, public (i.e. blood
donors/recipients), and external scientists, and these relationships position them to
optimally review and regulate the components and devices within their portfolio. The
research program has continued to demonstrate focus and relevance, research quality
and breadth and diversity of funding resources.

Findings

The research program office has been highly productive over the past 5 years
with 296 peer-reviewed publications and more than $19 million of external funding.
One of the most notable accomplishments was their critical role in protecting the safety
of the nation’s blood supply from the threat of Zika virus by the establishment of an RNA
reference standard that facilitated the validation of screening tests for manufacturers,
and that has now been implemented nationwide.

Investigators within DBCD have provided new insights on microRNAs as
biomarkers of product quality that will enhance strategies to improve the shelf-life of ex
vivo stored blood cells. They have also conducted research on oxygen carrying
solutions to control or suppress oxidation-related hemoglobin toxicity, enhancements to
pathogen reduction systems, and RBC molecular typing to improve transfusion safety.
Investigators within DETTD have focused on emerging, re-emerging, terrorism-related
and neglected tropical pathogens with the development of novel testing methods and
studies of pathogenesis. These efforts have included next generation techniques such
as multiplex assays, microarrays and even laser-based detection. Research on
improvements of parasite detection have the potential to enhance donor screening
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assays for Trypanosoma cruzi and Babesia microti, and to further development of
biomarker assays of parasite vaccine efficacy. All of these research activities relate
directly to the stated goals, and support the regulatory functions of the OBRR.

Recommendations

OBRR has an excellent focused research portfolio, but some additional
resources could be productively allocated for the focused generation of high throughput
sequencing data for generating reference panels for blood group and HLA antigens. In
addition, the various NIH-supported large scale human genome sequencing programs
should be leveraged for data to inform these efforts.

Collaborations with industry (e.g. SeCore HLA sequence based typing/ Thermofischer)
and with academic partners (e.g. Anthony Nolan Trust, UK) could potentially accelerate
some of these efforts and limit cost. In order to accomplish this goal, OBRR may need
to upgrade technology and hire new Full-time Equivalent (FTE) with the relevant skills.
Hiring FTE with expertise and retaining them is important and thus FDA should consider
how best to hire and retain promising scientists and other staff, especially those who are
otherwise in high demand, such as people with skills in big data informatics and
statistics.

Additional FTE could be deployed to expand -omic and bioinformatics expertise
for development of disease specific and toxicity biomarkers for different target
pathogens, such as Ebola, Zika, Babesia and HIV, in different blood products.

Additional expertise would be valuable for ongoing and completed data modeling
of clinical trials for development of new tools for earlier detection of at-risk population
characteristics relevant for pathogens such as Zika and Ebola., so they can be identified
for triaged drug delivery. These additional FTE may also spur new efforts for vaccine
development for some newer pathogens as Zika, for which collaborations with the CDC
may be highly effective for this kind of translational work involving OBRR and/or OVRR

l4|Page





OFFICE OF TISSUES AND ADVANCED THERAPIES

Overview

The Office of Tissues and Advanced Therapies was recently reorganized to
combine the Office of Cellular, Tissues, and Gene Therapies, the Division of Plasma
Protein Therapeutics (Hemostasis Branch and Plasma Derivatives Branch), and part of
the hematology review staff in preclinical and clinical review and project management.
The Office of Tissues and Advanced Therapies (OTAT) is now under the direction of Dr.
Wilson Bryan. OTAT has a diverse mission with the activities in regulation of
recombinant coagulation factors, immune globulins, plasma protein therapeutics,
chimeric antigen receptor (CAR) T cells and cancer vaccines, gene therapy products,
both in vitro and in vivo genome editing, cell therapies generally, including stem-cell and
tissue engineered products. This broad portfolio is in a highly active field with new
programs on all fronts of the regulatory spectrum. For example, recent advances in
CAR T cell technology have led to marketing approval of the first CAR T cell product for
cancer immunotherapy. It is anticipated that the public demand to leverage advances in
human genetics and rapid biotechnology developments will put a higher burden on
OTAT to keep abreast of the science as these therapies emerge and come to the FDA
for approval.

Key Findings

The research mission is very complementary to the regulatory mission through
the programs that were reviewed in teleconferences and in the site visit. Areas of focus
include microbiology, immunology, cell / developmental and tissue biology, cancer
biology, molecular biology and biochemistry as well as adverse event investigations and
biotechnology advances. The programs are well-positioned to investigate the rapidly
evolving areas under the mission of OTAT, as OTAT scientists are recognized experts in
the fields of gene and cell therapy. Additionally, the Office has a goal of advancing the
scientific areas related to individual product classes and there is specific expertise
related to these product classes, although some opportunities exist to increase depth in
emerging product areas.

Strengths:
- Strong programs in several areas of relevant virology research
- Outstanding efforts in stem cell biology
- Emerging programs in informatics and adverse event (AE) reporting
- Significant depth in immunology

Recommendations

Given the current resources, the scientific diversity is outstanding. However, the
scientific and regulatory activity for OTAT is evolving rapidly, so added depth in areas
covered within the Office would be highly desirable to anticipate future needs.

Assure in strategic and budget planning, appropriate distribution of resources
weighted toward emerging and rapidly evolving areas. Consider that the needs may be
very different for the Division of Plasma Proteins and Therapeutics versus the Division of
Cellular and Gene Therapies. Plans should enable flexing between two different arenas
of focus.
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Extend collaboration to other divisions in CBER, i.e., common programs with
OVRR.

Assure OTAT is a pivotal component of FDA/CBER strategic plan, contributing to
broader horizon scanning and having clear alignment with the overall CBER plan.

Improve the portfolio in the rapidly emerging area of Adeno-associated virus
(AAV) gene therapy.

Further development of platform technology for enumeration of vector
preparations through advancing development of standards or centralized laboratories.

Contribute to understanding the potential impact of and improve assays for
possible genotoxicity related to Crispr/Cas9 gene therapy.

Prepare for rapid evolution of stem cell and tissue engineered products with
anticipated submission of these types of products for approval to clinical trials and
registration in the near-term. Included in this will be expanding leadership and expertise
in manufacturing controls, accompanying devices (e.g., product
administration/surgical/imaging).
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OFFICE OF VACCINES RESEARCH & REVIEW

Overview

The Office of Vaccine Research and Review (OVRR) has extremely broad
responsibility not only for vaccines but also for other products, including allergenic as
well as phage and live biotherapeutics. This breadth requires attention not only to
modifications in older vaccine products but also novel therapeutics which are at the cusp
of development. In addition, given the role of vaccines in controlling emerging infections,
there is need for rapid, flexible redirection of expertise to assist in development and
regulation of such products.

What is now OVRR has a long history of working on development, regulation and
standardization of vaccines. Important examples are the Haemophilus influenzae type B
vaccine and, more recently type A meningococcal vaccine. To be able to fulfill their
functions, the researcher-reviewers have available Biosafety Level 2 and 3 laboratories
for their use and can indirectly access Biosafety Level 4 laboratories through
collaborations. This is particularly necessary in responding to public health threats such
as Ebola and Zika. Examples of themes useful both for research and regulatory activities
are improvement of potency assays, study of correlates of immunity, and development of
animal models. Investigator initiated research is the usual mechanism for
implementation of this work. Support generally comes from agency funds, often
leveraged with support from collaborating institutions, including other federal agencies
such as the Department of Defense and NIH as well as nonprofits such as the Bill and
Melinda Gates Foundation.

Key Findings

The reviewers examined several specific research projects including evaluation
of cell substrates used in vaccine production, novel methods to detect adventitious
agents, rational design of improved mumps vaccines, fecal microbiota transplantation
and norovirus growth and detection. These emerging therapies and tools to support
vaccine development for pathogens important to the health of the public show
recognition of the need to be at the forefront of new challenges to regulation and
standardization.

The reviewers were impressed at the ability of OVRR to handle such a broad and
evolving range of subjects. The ability of the researcher-reviewer to obtain outside
funding and to publish in major journals is evidence of past success. The challenge is to
prepare for new technologies which will inevitably be submitted for approval.

Overall, the reviewers strongly support the work of OVRR and encourage its efforts to be
ready to respond in an often-challenging environment.

Recommendations

Ability to attract fellows needs to be strengthened given competing opportunities.
There needs to be continuing recognition that the requirement that investigators can
carry out an assay themselves should not limit consideration of novel techniques being
proposed from outside. These techniques could be adopted by FDA investigators if it
seems to be useful for their work but there should not be a requirement for them to do
So.
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Conclusions

The Subcommittee of the CBER Science Board conducted a comprehensive
review of the research programs at the Center for Biologics Evaluation and Research
(CBER). Following a series of highly informative teleconferences, the committee
became familiar with sufficient background information to conduct an in-depth site visit,
which included research presentations and interviews with key staff in the research
programs as well as FDA leadership. In a closed session and on subsequent
teleconferences, groups of reviewers with specific expertise in each CBER office,
prepared a written report which was subsequently reviewed by the entire committee.
The conclusion of the review committee is that CBER has developed robust research
programs which are central to the researcher-reviewer model. The research conducted
in each CBER Office, is both highly relevant to the overall CBER mission as well as
advancing scientific understanding of important questions on the national and
international level. The review committee made detailed recommendations on strategies
for cross-FDA and external collaborations as well as emphasizing the need for horizon
scanning to anticipate future scientific and public health areas for investigation. The
necessary resource management is in place to maximize productivity and the committee
recognized several areas for future investment and planned growth. The committee
appreciates the challenges faced by all public institutions to properly manage resources
and the leadership should be congratulated on the outstanding programs that have been
cultivated at CBER and the continued growth of these programs will ensure the success
of FDA and CBER into the future.
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Appendix 2. Charge to the CBER Research Review Subcommittee
Charge to the CBER Research Review Subcommittee

The Center for Biologics Evaluation and Research regulates biological products for human use
under applicable federal laws, including the Public Health Service Act and the Federal Food,
Drug and Cosmetic Act. CBER protects and advances the public health by ensuring that
biological products are safe and effective and available to those who need them. CBER also
provides the public with information to promote the safe and appropriate use of biological
products. CBER regulates a wide range of products from vaccines to cell and gene therapy,
blood and blood products and related devices.

CBER Vision for Regulatory Science: To conduct scientific research of the highest quality and
relevance, that is integral to the Center’s regulatory mission and public health portfolio,
proactive and anticipates regulatory and public health needs, and in direct support of CBER’s
regulatory decision-making and policy development responsibilities.

In 2015, CBER hired McKinsey Consulting Company to review how CBER manages and
supports regulatory science. The outcome of that engagement has been to augment
management processes with new governance, new tools for communication, and some
changes to the way funding is provided to support research programs. CBER performs external
peer review of all laboratory programs every four years, and periodically has done broader
Center or Office-wide reviews of the scientific program. As we move into our second full year of
using the new approaches to manage and govern research at CBER, we now want to evaluate
the ongoing overall research portfolio and look strategically to the future research agenda.

Charge to the FDA Science Board: The FDA Science Board is charged with conducting a
review to assess how CBER’s regulatory science portfolio can best anticipate and address
biological products that are emerging or on the horizon, as reflected in ongoing scientific
research, as well as new public health concerns from currently marketed biologic products. The
subcommittee should consider the broad scientific disciplines and technologies that CBER
needs to support its regulatory functions and decision making.

Specifically, the Board is asked to address the following question:
e Comment on how CBER's scientific endeavors support the Center’s regulatory mission.

¢ Given the existing breadth of CBER'’s current and anticipated future regulatory portfolio
and responsibilities, are there changes CBER should make to its regulatory science
research portfolio to best accomplish our regulatory and public health mission?
- Assess any gaps in regulatory science capabilities or expertise.
- ldentify opportunities for collaboration to better leverage CBER’s regulatory science programs.
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Appendix 3. Thank you letter to the CBER Research Review Subcommittee
-/C 7 U.S. FOOD & DRUG
w ADMINISTRATION

March 17, 2017

Dear Dr. ,

Thank you very much for your willingness to serve on a subcommittee of the FDA Science
Board. The subcommittee is essentially charged with performing a broad, high level review of
the research program at the Center for Biologics Evaluation and Research (CBER). A detailed
charge is included in this package.

We intend to structure this review with a series of teleconferences between the subcommittee
and key CBER staff. These teleconferences will provide background information about the
research program, including our regulatory mission, the research portfolio, and the benefits and
challenges of performing research at CBER. We hope that this series of teleconferences will
support the most interactive and productive one-day site visit on June 6, 2017. The one-day
site visit will include presentations of specific examples of impactful research and interviews with
key staff in the research program as well as leadership. In addition, we will provide time to tour
the laboratory facility and for closed sessions to allow the subcommittee to start formalizing key
aspects of the report.

Thank you again for your willingness to share your time and expertise in order to help ensure
that our research program is optimally configured to support our regulatory and public health
mission.

Sincerely,
Peter Marks, MD, PhD

Director, Center for Biologics Evaluation and Research, FDA
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Appendix 5. CBER Overview Material

CBER Regulatory Science Council Charter (March 7, 2016)

MISSION

The mission of the CBER Regulatory Science Council (RSC) is to serve and advise the Center
Director and Deputy Center Director through developing broad, Center-level goals and providing
oversight across all of CBER’s research activities.

OBJECTIVES
The RSC will:
+ Review and recommend strategic decisions impacting Center-wide research goals to
the Center Director for approval
« Provide oversight of the Center’s research activities to ensure organizational alignment
with Center-wide research goals
* Increase cross-Office awareness and coordination of the research portfolio
« |dentify ways to continuously improve the state of CBER'’s scientific research

SCOPE
The RSC will be tasked with the following activities:
« Provide input on Center’s research goals
« Work with Office Directors to shape Office goals and objectives and ensure continued
alignment with Center’s research goals
« Provide input on major policy changes that affect research program (i.e., how budget is
allocated)
+ Use research dashboard as a tool to oversee and monitor the portfolio down to the
project level
» Identify emerging research priorities
* Sponsor and attend Center-wide initiatives to strengthen culture of research (e.g., CBER
Science Impact Series, Science Days)
« Liaise with external and internal stakeholders to consistently integrate best practices

MEMBERSHIP ROLES AND RESPONSIBILITIES

Members

The RSC is composed of the following representatives:

Center Director

Deputy Center Director

Center ADR (Chair)

OVRR, OBRR, OCTGT, and OBE Office Directors or Deputy*

OVRR, OBRR, OCTGT, and OBE ADRs* (Rotating Vice-Chair: Annual Term)
OM Director or Deputy Director

Executive secretary

*NOTE: While an Office Director and Deputy may substitute for one another, one of them must
be present; the Office ADR cannot represent an Office alone
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Chair

The Chair has primary responsibility to:

Confirm meeting agendas in coordination with input from members
Conduct RSC meetings and direct communication of group information
Guide the group to accomplish its mission and objectives

Establish RSC subcommittees and ad hoc working groups as necessary
Track progress of action items

Vice-Chair
The Vice-Chair has primary responsibility to:
« Perform all Chair responsibilities in the absence of the Chair
+ Promote involvement and balanced patrticipation of all RSC members
e Assist the Chair in promoting regular RSC member attendance, as necessary
+ Provide leadership and direction to RSC, subcommittees and ad hoc working groups

Executive Secretary
The RSC Executive Secretary will work closely with the Chair and Vice-Chair to organize the
RSC meetings and ensure the effectiveness of RSC governance processes.

The RSC Executive Secretary has primary responsibility to:

Promote relevant topics and content for agenda topics

Schedule meetings and communicate agenda prior to each meeting

Lead the development and prioritization of RSC agendas and preparations
Follow-up on RSC assignments and action items assigned to RSC members
Maintain the roster of the RSC its subcommittees, and ad hoc working groups

Member
RSC members or designated alternates will:
+ Attend RSC meetings
* Prepare for and proactively participate in RSC meetings and activities
» Serve as a catalyst for change and support within the member’s area of responsibility
+ Actively offer insight and perspective to support and improve the implementation of new
initiatives promoted by the RSC
* When called, participate in RSC subcommittees and ad hoc working groups
¢ When called, lead RSC subcommittees and ad hoc working groups, holding them
accountable for developing and executing plans
« Bring non-progressing assignments to the RSC for attention

MEETINGS
+ Meets 4 times per year (quarterly)
« One full day planning session and 3 other 2 hours sessions
« Virtual or ad hoc forums as needed, with in-person attendance encouraged
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DECISION MAKING PROCEDURES
In general, decisions will be determined by consensus. For items that are determined to require
formal voting, majority rule will define the outcome.
« Voting members: OBE, OBRR, OCTGT, OVRR
+ One vote per office
« Formal votes may be used for the following items:
o Approval of the initial charter and subsequent amendments to the charter
o Other items deemed to need voting
« Decisions on budget items will be voted on by the Resource Committee
+ The RSC Chair does not vote and cannot overrule votes, but can break ties if necessary.
e« The RSC Chair must be present for formal voting. If the RSC Chair is not in attendance,
voting will be deferred.
+ Decisions endorsed by the RSC will be recommended to the Center Director and Deputy
for final approval.

CBER Resource Committee Charter — 4/29/16

Purpose

This charter describes the duties and responsibilities of the Center for Biologics Evaluation and
Research (CBER) Resource Committee (RC). This charter also explains the composition of the
RC membership and its operating procedures.

The committee ensures that financial planning for CBER is supportive of and fully integrated
with the priorities and mission of CBER. The committee provides oversight of fiscal
management and guidance to those responsible for CBER'’s day-to-day operations.

In order to make informed decisions and support effective administration of other financial
business, the RC must stay in contact with various groups, including but not limited to the FDA
User Fee Council, CBER Information Management Coordinating Committee (IMCC), and CBER
Regulatory Science Council (RSC).

Background

The RC was created to improve the transparency and accountability of CBER’s budgeting
processes. The RC serves as a resource for the Center Director in assessing funding requests,
recommending Center-wide policy on resource expenditures and allocations of full-time
equivalent (FTE) positions, and informing Center leadership on significant budget issues and
key budget metrics.

The establishment of the RC is to provide a structured process for CBER Offices to formulate
and justify their annual budget requests to Center leadership and to make funding
recommendations to the Center Director based on agreed upon resource policies developed by
the RC with the concurrence of the Center Director. The RC is a recommending body for
facilitating the Center Director’s decision-making responsibilities over resource issues.

29| Page





Authority and Responsibility

The RC is intended to be a Center-wide forum for discussing and recommending resource
management strategies in a manner which aligns with Center and Agency objectives and
ensures participation of all CBER Offices. The RC will provide recommendation documents,
priority setting, and other work products to the Center Director for decision-making.

The responsibilities of the RC include the following:

Communicate and educate RC on CBER'’s financial condition.
Provide updates on significant budget changes issues or new initiatives.
Monitor on a regular basis CBER’s overall financial operations and conduct annual and
periodic reviews addressing topics such as but not limited to:
o Off-the-top/center-wide expenses
o Data on Office spending to inform projected budgets
e FTE allocations
e PDUFA and PDUFA research-related submissions
Oversee that timely and accurate financial information is presented to the RC.

Review of all budget proposals and make recommendations to the Center Director.
Determine and analyze issues identified by reviews that need to be resolved.
Establish justification criteria for all funding sources and thresholds for increases. This
should include operating and FTE requests and advises Office of Management’s
Division of Budget and Resource Management on annual budget templates. Work with
staff designee to oversee the internal reporting practices meets the RC’s need and
expectations.

Review and analyze Offices’ proposed annual budget justifications and make
recommendations for prioritization of funding requests among Offices (FTEs and
Operating Funds) to the Center Director.

Conduct meeting with Office Directors and Center Director on proposed budget
requests.

Communicate budget decision making to CBER Offices.

Monitor and review progress and status of CBER’s financial operating plan and budget
allocations.

Develop, track, and present key budget metrics for review on a quarterly basis.
Conduct annual review of financial performance against plan.

Give updates on other significant budget changes or issues.
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« Conduct periodic assessments of contract funding and the value achieved via the
contract spending.

+ Conduct an annual self-evaluation of the performance of the RC and the effectiveness
and compliance with this charter.

Organization

The RC will consist of the following officers: a Chair, Vice-Chair, and Executive Secretary from
OM as specified below; and the following additional members: Deputy Center Director, Center
Associate Director for Review Management, Center Associate Director for Research, and the
Office Director from all Offices.

The Director, Office of Management will serve as Chair; the Deputy Director, Office of
Management will serve as Vice-Chair; and the Chief, Resource Management Branch, Division
of Budget and Resource Management, OM (or designee) will serve as the Executive Secretary.
The OM Director as the Committee Chair will serve as a non-voting member. The Deputy OM
Office Director or designee will serve as the voting member for the Office of Management.

One technical expert from each office may attend the committee meeting when the Chair
authorizes their attendance.

Deputy Office Directors may attend meetings of the RC either as non-voting participants (in the
presence of the Office Director) or as alternate voting members (in the absence of the Office
Director.)

Chair

The Chair has primary responsibility to:

Confirm meeting agendas in coordination with input from members
Conduct RC meetings and direct communication of group information
Guide the group to accomplish its mission and objectives

Establish RC subcommittees and ad hoc working groups as necessary
Track progress of action items

Vice-Chair
The Vice-Chair has primary responsibility to:
» Perform all Chair responsibilities in the absence of the Chair
* Promote involvement and balanced patrticipation of all RC members
* Assist the Chair in promoting regular RC member attendance, as necessary
* Provide leadership and direction to RC subcommittees and ad hoc working groups
Executive Secretary
The RC Executive Secretary will work closely with the Chair and Vice-Chair to organize the RC
meetings and ensure the effectiveness of RC governance processes.

The RC Executive Secretary has primary responsibility to:
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« Promote relevant topics and content for agenda topics

e Schedule meetings and communicate agenda prior to each meeting

« Lead the development and prioritization of RC agendas and preparations

* Prepare RC meeting minutes and document decisions made about each agenda item
(actions taken or agreed to be taken, voting outcomes, motions taken or rejected, new
business, items to be held over, next steps)

+ Follow-up on RC assignments and action items assigned to RC members

« Maintain the roster of the RC, RC’s subcommittees, and ad hoc working groups

e Maintain RC SharePoint site

Member
RC members or designated alternates (such as Deputy Office Directors) will:
+ Attend RC meetings
« Serve as the voting member for their respective office (except for the Office of Center
Director, where the Deputy Center Director will serve as the voting member)
« Prepare for and proactively participate in RC meetings and activities
« Serve as a catalyst for change and support within the member’s area of responsibility
+ Actively offer insight and perspective to support and improve the implementation of new
initiatives promoted by the RC
+ Participate in RC subcommittees and ad hoc working groups (as needed)
+ Lead RC subcommittees and ad hoc working groups, holding them accountable for
developing and executing plans (as needed)
+« Communicate non-progressing assignments to the RC for attention

Operating Procedures

The RC will meet quarterly with one of the meetings being a half day annual budget meeting
with the Center Director prior to the fiscal year. Ad hoc or virtual forums may be scheduled as
necessary. Notice of meetings will be made in a timely manner to RC members.

Any member or their alternate of the RC may propose meeting agenda items. Members are
encouraged to solicit suggested agenda items from their staffs. Proposed agenda items should
be submitted by RC members to the Executive Secretary at least 10 business days prior to a
committee meeting.

The Chair will determine the applicability of a proposed agenda item and decide if it will be
submitted to the committee members and included on the agenda. The decision will be
communicated to the individual who submitted the proposal.

Meeting agenda and materials will be provided to the RC members in advanced of the
committee meeting.

Meetings will be summarized in writing promptly after they are held. At a minimum, summaries
should record issues presented, decisions made, the rationale for those decisions, and any
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outstanding actions items. Committee members will review meeting summaries and provide
comments within the requested timeframe. Absence of a reply within the requested timeline will
be considered as concurrence. The summaries will be posted held in a file maintained by the
Executive Secretary as well as posted in a location accessible by RC members.

The Chair or Vice-Chair will assure that decisions, issues, action items, etc. attributable to the
committee are documented and communicated to management and staff, as appropriate, in a
timely manner. These items will be sent to committee members before being posted.

Voting Procedures for Making Recommendations

Although consensus will be the goal, in cases where a vote is necessary, only members or their
alternate will be permitted to vote (one vote per Office including the Office of the Center
Director). The Deputy Center Director or designee will be responsible for voting.

When votes are taken, a simple majority is needed. Offices may abstain from a specific vote.
The votes will be noted in the summaries. The Chair or Vice-Chair will escalate issues to the
Center Director, if needed.

Working Groups
Working groups may be established by the RC for the following purposes:
* The committee identifies a need based on factors such as its knowledge of CBER
operations and policies or new procedures and innovation.
+ The Center Director, or designee, directs the committee to establish a new working
group to achieve specific objectives (e.g. developing a recommendation on CBER-wide
resource expenditures (such as scientific maintenance agreements).

Working groups will have a limited lifetime. The working group will adjourn when:
* It has successfully completed its goal or,
+ Additional work is not required from the Working Group as determined by the RC. Each
group will be responsible for:
+ Confirming its objectives with the RC.
» Defining member responsibilities.
* Providing work products to the RC in a timely manner.

Working Group Organization

Each working group will have a Chairperson selected from within the RC who will direct the
group’s activities. The Chairperson should have a working knowledge in the area of
responsibility of the working group. It is desirable to have at least one member of the RC on the
working group where possible.

The working group chairperson will be appointed / approved by the RC. The RC members will
ensure their office identifies appropriate working group members in a timely manner, whenever
needed. Member selection will be based on office affiliation, qualifications, expertise, ability to
contribute to the expert working group and current workload as identified by each individual’s
supervisor. Each office will have the option of deciding their office’s representative. Some
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working groups may contain representatives from other groups within the Agency or Center to
provide needed expertise. Working group membership will generally be kept small (e.g. six to
eight members).

Working group members are responsible for:
» Attending the working group meetings;
+ Representing their view to the working group;
+ Communicating the discussions of the working group to their Office management and
obtaining input from their Offices for communication to the working group.

Subcommittee Organization

RC subcommittees may be established to perform ongoing activities and work products with
oversight by RC. Unlike working groups, once a subcommittee is formed it has an indefinite
lifespan.

The RC’s subcommittees may be formed for any purpose but typically perform ongoing activities
that are more detailed or technical than the strategic activities of the RC. The RC ensures
subcommittee activities are consistent with strategic objectives and provides an escalation path
for issues.

The RC proposes RC’s subcommittees to the Center Director. The Center Director, or designee,
approves the subcommittee and authorizes the ongoing resources that are needed.

The RC will be responsible for:
+ Defining subcommittee responsibilities and authority;
« Defining the path for escalation of decisions and issues;
« Providing the subcommittee with priorities, mandates, resource constraints, and other
requirements necessary for the subcommittee to perform its duties.

Each RC’s subcommittee will be responsible for:
+ Confirming its objectives and scope of activity with the RC.
« Defining membership and member responsibilities.
» Escalating decisions and issues to the RC, as needed.
« Tailoring activities in accordance with the priorities, mandates, resource constraints, and
other requirements communicated by RC.
» Responding to RC requests in a timely manner.
* Providing regular progress/status updates to the RC.

Subcommittee Organization

Each subcommittee will have a Chairperson who will direct the group’s activities. The
Chairperson should have a working knowledge in the area of responsibility of the subcommittee.
The subcommittee chairperson will be appointed/approved by the RC. The remaining
membership and organization of the subcommittee will be proposed by the subcommittee and
approved by the RC and the Center Director, or designee.

This Charter will be continually revised as needed based on experience gained in the use of the
RC.
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Recent recruitment efforts for current and anticipated regulatory portfolio

Office PrlnC|paI Year Recruited Research Area Program Title
Investigator | Recruited | from
Understanding
Vaccine Norovirus
Gabriel National development for Diversity and
OVRR 2015 Institutes of emerging Immune
Parra, PhD
Health pathogens (e.g., Responses to
norovirus) Inform Vaccine
Design
Identification of
targets for
Using the development of
Paul University of microbiome to treat | vaccines and
OVRR | Carlson, 2014 NIVersity . ) oo
Michigan antibiotic-resistant | non-antibiotic
PhD : . .
bacterial pathogens | therapies against
gastrointestinal
pathogens
Using Investigating the
, , : effects of cell-
microphysiologic .
: materials
Kyung Sung University of systems to improve interactions on
OTAT ' 1 2015 . : safety and
PhD Wisconsin . the safety and
effectiveness of :
. : effectiveness of
tissue-engineered cell-based
medical products
products.
Mechanistic studies | Efficacy and
for understanding safety of stem
and controlling cell-based gene
directed cellular and cell therapies
differentiation of
induced pluripotent
. Johns stem cells (iPSCs)
OTAT Zhaohui Ye, 2015 Hopkins and effects of the
PhD ! . .
University gene editing

endonuclease
Cas9 on genome
integrity and
differentiation
function when used
in human iPSCs.
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Tools to access the

Development of
Tools to Assess

Haruhiko Food and quality and Human
OVRR | Murata, MD, | 2015 Drug effectiveness of Cytomegalovirus
PhD Administration | high priority (HCMV)
vaccine targets Neutralization
and Cell Entry
Factors that
influence T cell
activation and how | Development of
Nirjal University of that might inform Gene and T cell
OTAT | Bhattarai, 2015 lowa evaluation of CAR- | Therapy Products
PhD T cell-based Based on RNA

therapies (CAR,
Chimeric Antigen
Receptor)

Viruses
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2016 CBER Training Seminars and Symposia

Event

Description

High-performance
Integrated Virtual
Environment
(HIVE): A Next
Generation
Sequencing
Analytical Solution
for Research and
Regulatory Use
Training

The High-performance Integrated Virtual Environment (HIVE) is a high-throughput
cloud-based infrastructure developed for the storage and analysis of nucleotide
sequencing data and associated biological meta-data. HIVE consists of a web-
accessible interface for authorized users to deposit, retrieve, share, annotate, compute
and visualize Next-generation Sequencing (NGS) data in a scalable, secure and highly
efficient fashion. Resources available through the interface include algorithms, tools and
applications developed exclusively for the HIVE platform, as well as commonly used
external tools adapted to operate within the parallel architecture of the system.

Introduction to Risk
Assessment for
Biologics

This course provides the four-part risk assessment framework developed by the
National Academy of Sciences that includes: hazard identification, hazard
characterization, exposure assessment and risk characterization, and its application to
critical biologics regulatory questions.

CBER Science
Impact Series

The objective of the CBER Science Impact Series is to engage Center/Office leadership
and research as well as non-research staff to improve understanding of CBER's
regulatory science program, why CBER engages in mission-relevant research, and how
CBER's regulatory science program impacts the Center's regulatory mission and public
health. Two principle investigators present monthly at this series.

CBER Science
Symposium

The objective of the CBER Science Symposium is to highlight the research CBER does
and provides an opportunity for scientific exchange across the spectrum of the products
regulated by our center.

Division of Viral
Products Seminar
Series

This seminar series is designed to update attendees on recent advances in the general
areas of virology, microbiology, toxicology, biomedical engineering, nanotechnology,
and infectious diseases.
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Office of Blood
Research & Review
Hematology
Science Lecture
Series

OBRR Seminars focus on ongoing and published research, physiology, pathogenesis,
and clinical practice related to the safety and efficacy of the blood products regulated by
the FDA. Presentations cover mechanisms of action and adverse events related to
administration of our products, regulatory issues as they pertain to clinical practice, trial
design, biostatistics, and pharmacokinetics.

OTAT Seminar
Series

The objective of the OCTGT Seminar Series is to present current research on issues
related to the development of cell and gene therapies.

OBE Seminar
Series

The OBE Seminar Series provides staff with in-depth training in areas of clinical trial
methodologies, design and analyses of post-marketing studies, safety evaluations, and
benefit-risk assessment. Prominent academic experts are invited to speak on recent
developments, current controversies, and emerging trends in specific fields.

DBPAP Seminar
Series

This seminar series is designed to update attendees on recent advances in the general
areas of bacteria, parasitic, and allergenic products.
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Cross Office Research Working Groups

Ebola Working Group

The Ebola Working Group is a forum for discussion on
scientific ideas regarding Ebola research projects within
CBER and allows for possible collaborations/reagent
sharing.

Zika Working Group

The Zika Working Group is a forum for discussion on
scientific ideas regarding Zika research projects within
CBER and allows for possible collaborations/reagent
sharing.

CBER Genomic Working Group

The CBER Genomics Working Group is a forum to discuss
issues regarding genomics and NGS data used in
regulatory submissions. Updates from this working group
inform the FDA Genomics Working Group and vice versa.

Emerging Regulatory Science Biologics
Committee (ERSC)

The EBSC provides a forum for Offices and Centers to
communicate current and emerging regulatory and
scientific issues that arise with regard to regulated
biological products including, but not limited to, cell
substrate safety, adventitious agent detection methods,
and pathogenesis of various emerging and re-emerging
pathogens and technologies used to evaluate or
manufacture regulated products. The EBSC facilitates
collaboration, scientific information exchange, methods and
reagent sharing in order to avoid redundancy in research
efforts and when possible, fosters the development and
implementation of relevant regulatory policy, by promoting
communication and coordination of scientists across
administrative boundaries.

Biologics Research Coordinating Committee
(BRCC)

The BRCC will provide a recognizable structure where
research issues can be discussed, coordinated and
solutions proposed using standard procedures designed to
assure consistency and cross-office involvement. The
BRCC is not intended to replace the decision-making
responsibilities of CBER management, which will have the
final authority on policy issues.
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Cross Center Research Working Groups

Working Group

Description

Social and Behavioral
Sciences
Subcommittee

Strengthen Social and Behavioral Science to Help Consumers and Professionals
Make Informed Decisions about Regulated Products.

Genomic Working
Group

The scope of the GWG is to prepare FDA to address IT and scientific challenges to
facilitate FDA readiness for Next Generation Sequencing data.

Modeling and
Simulation Working
Group

The main objectives are to raise awareness regarding the types and uses of M&S in
regulatory science research and applications; to support the implementation of M&S in
the regulatory process; develop mechanism (e.g., roadmap) for establishing credibility
of M&S used for regulatory decision making; and create a community to foster and
support collaborations, share expertise, and collate resources, where appropriate.

The Toxicology
Working Group

The main responsibility of the Toxicology Working Group is to create an environment
for enhanced communication and coordination on cross-cutting toxicology activities at
FDA or on interagency toxicology-relevant activities.

The Biomarkers
Working Group

The mission of the FDA Biomarker Working Group (BWG) is to promote
communication across FDA on scientific issues related to biomarker development and
regulatory acceptance; to identify process and policy enhancements that may help
address challenges; and to coordinate activities and leverage resources impacting
multiple Centers.

The Microbiome
Working Group

The MWG will identify process and policy areas that may be affected by human
microbiome issues, and coordinate microbiome-related activities that impact multiple
Centers. In line with these goals, the MWG is also committed to educating the agency
on the emerging role of the microbiome in human development and health, as well as
how changes to the microbiota that comprise the microbiome through disease or toxic
insult can have an impact on the homeostatic mechanisms that maintain its viability.

The FDA Statistics
Association

The FDASA will serve as a collective voice in promoting the advancement of statistical
sciences within the regulatory environment of the FDA. It will also provide a forum for
members to address issues specific to the concerns of all FDA statisticians and foster
FDA-wide consistency and harmonization on crucial regulatory statistical issues.

The Genetic and
Genomic Team

The FDA GGT is a collaborative scientific and policy interest group, focused on
professional development, communication improvement, and discussions of scientific
and regulatory challenges related to Genomics, Genetics, Proteomics, cutting edge
technologies in regulatory submissions and research projects being conducted in
various FDA Centers.

The Nanotechnology
Task Force

The mission of the NTF is to leverage FDA scientific expertise and resources to advise
agency and center leadership on critical and cross-cutting nanotechnology related
issues in order to support the development of safe and effective FDA-regulated
products.
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Additive
Manufacturing
Working Group

Additive Manufacturing (AM), commonly referred to as 3D printing, is a manufacturing
technology that is increasingly being used to produce medical devices and drugs and
shows significant promise for biological products. The FDA AM Working Group
provides a forum for members (CDRH, CBER, CDER, ORA, and NCTR) to discuss
diverse issues related to AM: including medical device printing, pharmaco-printing and
bio-printing, share ideas and information, collaborate on related initiatives, and
enhance communications across Centers and Offices.

The Emerging
Technologies Working
Group

The mission of the Emerging Sciences Council (ESC) is to leverage scientific
expertise and resources to conduct long range horizon scanning to advise agency and
Center leadership on how emerging issues and cross-cutting scientific advances may
impact FDA preparedness and trans-agency activities. The key responsibility of the
WG is to Identify emerging issues and cross-cutting scientific advances that may
impact FDA preparedness and trans-agency activities by consulting with others inside
and outside government.

The Senior Science
Council

The Senior Science Council (SSC) is an Agency forum comprising FDA scientific
leadership from the centers and Office of the Commissioner component offices. SSC
provides advice and guidance to Agency and center leadership on cross-cutting
regulatory science issues, including planning, reporting, programs, policies, and
communication. The SSC is not intended to replace the decision-making
responsibilities of Agency Office and Center Directors, who have the final authority on
science and policy issues relating to science and research.

Committee For The
Advancement of FDA
Science

Committee For The Advancement of FDA Science (CAFDAS) is an internal advisory
committee to the Commissioner, the Associate Commissioner for Science, and the
Senior Science Council, addressing FDA-wide science issues from a scientist's
perspective, functioning independently of center or discipline.

FDA Fellows
Association

The FDA Fellows Assaociation (FFA) serves as a community to represent the interests
of all FDA fellows. The FFA works to foster cooperation and collaboration among FDA
fellows and assists in promoting scientific communication between fellows and with
the FDA scientific community at large
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Physical Standards Activities to Support New Tools & Methods (2016)

Activity area

| Physical Standards Activity Summary

OBRR

Adventitious agent test
methods for evaluating blood
safety

CBER scientists are investigating the appropriateness of sample selection to
perform blood screening assays. CBER scientists have performed studies in
partition of virus (WNV, HCV, DENV and ZIKV) in blood components.

Adventitious agent test
methods for evaluating
vaccine safety

CBER staff are completing a study previously funded by NIAID, NIH, to
investigate the susceptibility of cell lines (manufacturing "substrates") to
infection with the agent of bovine spongiform encephalopathy (BSE) agent and
human-derived variant Creutzfeldt-Jakob disease (vCJD) and sporadic CJD
(sCJD) agents.

Assays for analysis of cell
membrane and protein
microparticles and
nanoparticles

CBER scientists are developing analytical methods for characterization of
protein particles in blood and plasma products, as well as in other protein and
peptide products where product particles are investigated for involvement in
the product adverse effects.

BSL2 test to assess potency
of Filovirus vaccines and
convalescent plasma for
treatment of filovirus disease
and evaluation of potency of
hepatitis A virus
immunoglobulin
preparations.

CBER scientists are developing BSL-2 test to assess the potency of candidate
Filovirus vaccines. To do so, researchers are comparing total antibodies,
neutralizing antibodies, and cellular immunity induced by vectored and subunit
Filovirus vaccines. These assays will also be used to evaluate total and
neutralizing anti-GP antibodies in plasma of ebolavirus convalescent patients
to assess immune responses and efficacy of treatment of acute ebolavirus
patients transfused with convalescent blood, plasma, or immunoglobulin
preparations. CBER scientists are also performing a field test evaluation of the
Ebola virus antibody assays in Sierra Leone in collaboration with the Italian
National Institute of Infectious Diseases "Lazzaro Spallanzani." CBER
scientists have used their hepatitis A virus (HAV) neutralization assay based
on a recombinant virus containing an antibiotic selectable marker to evaluate
the potency of anti-HAV immunoglobulin preparations (IG), and have
implemented pharmacokinetic models to estimate the efficacy period of
currently used preparations worldwide. CBER scientists determined that
currently used IG have low potencies including the GamaSTAN, which is the
only licensed IG in the US indicated for HAV infection.

Identification of microbial
contaminants

CBER scientists have developed cell lines expressing human TLRs which has
been used for the identification of microbial contaminants in a product
developed for human use. The contaminant identified was E. coli derived
flagellin, which was the likely cause of fatality and serious adverse events in an
IND study. The sponsor was notified and able to modify the manufacturing
process so that the flagellin could be removed.
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New assay for detecting
viruses

CBER researchers are using pathogen-specific oligonucleotides and
oligofluorophores in a multiplex assay specific to the detection of HIV, HBV,
HCV, HEV, DENV, and WNV. The detection assay demonstrated specificity
and sensitivity with no cross-reaction observed. The simultaneous detection of
multiple pathogens with a single test that demonstrates high sensitivity and
specificity will immensely aid in addressing the health care burden these
pathogens place on the national and global health care systems.

Novel technologies for
diagnostics; reference
panels for HIV

CBER scientists developed multiple assays for detection of HIV, influenza and
biodefense pathogens using microarray and nanotechnology methods. Whole
genomic arrays that utilize gold nanopatrticles and silver enhancement have
been developed for multiplexed detection of different influenza strains, Ebola,
Marburg and Lassa viruses and HIV. Next Gen sequencing based diagnostics
is being developed for detection of a number of different blood borne
pathogens. These assays demonstrate proof-of-concept that these
technologies can be used to improve the efficiency of testing through highly
multiplexed formats. For protein detection, gold and fluorescent Europium
nanoparticles have been used to improve sensitivity of current ELISA methods.
The technology is being used to develop HIV incidence assay that have
improved accuracy and sensitivity. Co-detection of HIV and TB is also being
studied to facilitate disease detection of these two common co-infections in
AIDS patients.

Pathogen reduction of
platelet and plasma products

Bacterial contamination of platelets remains a threat to transfusion recipients.
Commercially developed pathogen reduction systems utilize UV light and
chemical photosensitizers to inactivate bacteria, viruses and protozoa.
However, these methods can damage the transfusion products and may also
have inherent toxicities. CBER scientists are developing pathogen reduction
systems that utilize naturally occurring molecules which can be excited by UV
light to generate free radicals for efficient pathogen inactivation.

OTAT

Additional tests for
evaluating quality of Factor
VIII products

CBER scientists developed a methodology to analyze this impurity in FVIII
products. It is expected that in future, a method, based on our assay, will be
used in an quality testing of FVIII products, in addition to the methods already
used by the manufactures. This will result in improving safety and efficacy of
current and emerging FVIII products.
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Adventitious agent test
methods for evaluating
safety of human tissues and
biologics

CBER scientists are working to develop: the non-biased high throughput
sequencing capability using latent infections of EBV in human peripheral B
lymphocytes as a model system for detecting occult viral infection;
computational methods for identification of specific DNA signatures suitable for
developing into Real-Time PCR assays by whole genome Sequence analysis
approaches (the PCR assays targeting high risk of bacteria and Candida
pathogens are intended for safety improvement of human tissues); multiplex
real-time gPCR array for simultaneous detection of eight human blood-borne
viral pathogens that threaten safety of human tissues intended as grafts.

Examining the impact of
codon optimization,
developing computational
gene-specific prediction
methods; investigating the
effect of large PEG
molecules

CBER scientists are working to conduct a comprehensive investigation on the
consequences of genetic variation in recombinant biologics by customizing
Western blotting techniques and developing partial trypsin digestion assays,
LC/MS/MS-based sequencing mass spectrometry, Circular Dichroism
Spectroscopy, in vitro translation and ribosome profiling to optimize
guantification/evaluation techniques.

In addition, the incomplete and out-of-date codon usage tables are employed
in academic research and industrial design of codon optimized, recombinant
therapeutics. Adopting these inaccurate datasets may very likely alter the
safety and efficacy of these biologics. Thus, we have created new codon
usage tables for all organisms in GenBank using the expanse of recently
generated sequencing data. Additionally, a publicly available web interface is
under development. Also, CBER Scientists are generating are generating a
comprehensive, user friendly tool to study the consequences of genetic
variation in disease manifestation and recombinant therapeutics and a dataset
of mutations with known phenotypic outcomes and the framework for a
functional prediction tree have been created. Finally, since both
immunohistochemistry and serum markers are being explored to understand
nephrotoxic and hematopathologic effects of these molecules which are
incorporated into an increasing number of therapeutic proteins, CBER
scientists are conducting studies to determine the suitability of a guinea pig
model to evaluate toxicities of intravenous high molecular weight PEO
(polyethylene oxide) and PEG.

Gene marker of product
characterization, in vitro
assays for product potency
and in vivo correlates

CBER scientists have identified 78 gene markers of human MSC aging based
on cellular expansion by microarray gene expression profiling,. Additional
work is being completed to correlate the gene expression data with two
different cell proliferation assays. Likewise, similar work and methods are
being applied to evaluated MSC miRNA expression.
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Immune globulin
thrombogenicity and
coagulation factor potency
methods

CBER scientists developing new and improved coagulation factor potency and
thrombogenicity methods to identify thrombogenic impurities in immune
globulin products and Factor IX concentrates, measure potency of coagulation
factor concentrates, including novel long-acting factors Vlla, VIl and IX and
determine the quality of hemostatic factors in plasma for transfusion, including
frozen, lyophilized and spray-dried.

These methods of biologics' characterization are based on the global
hemostasis assay thrombin generation test (TGT). Although TGT is widely
used in preclinical and clinical product development, acceptance and utility of
the TGT are limited by the lack of assay harmonization and confirmed
predictive value in clinical applications.

Improved characterization of
MSCs (multipotent stromal
cells)

CBER scientists are working to improved methods of cell therapy product
characterization. A major effort is work with the MSC consortium, a group of 7
Principal Investigators in DCGT who are pursuing the goal of improved
characterization of MSCs (known as mesenchymal stem cells or multipotent
stromal cells). The goal has been to develop relevant, useful in vitro assays to
assess the function of candidate human MSC-derived products. Another area
of effort is improvement of flow cytometry by development of methods to
guantify cell surface antigens.

Potency test for influenza
vaccines

CBER researchers are working on the refinement of the label-free mass
spectrometry method that enables simultaneous identification and
guantification of HAs, neuraminidase, and other viral proteins and protein
impurities in influenza vaccine. The method is based on LC/MS(E) analysis of
tryptic digests of sample and a known quantity of protein standard from which
a universal response factor is generated and applied to calculate the
concentration of proteins in the mixture. This method can be used to measure
the absolute quantity of HA as well as relative quantities other viral proteins
and impurities in preparations of whole virus and monovalent vaccine,
providing data to demonstrate strain-dependent differences in the amount of
NA.

Prediction immunogenicity to
therapeutic proteins

CBER scientists are developing computational and in vitro methods for the
prediction of immunogenicity to therapeutic proteins.

Adventitious agent test
methods for evaluating
vaccine safety

CBER scientists are investigating broad nucleic acid based technologies for
detection of known and novel viruses for evaluating cell substrates and product
safety. CBER scientists evaluated PCR-Electrospray lonization Mass
Spectrometry (ESI-MS) System and virus microarrays for investigations of
vaccine-related cell lines. Efforts are ongoing for evaluating next generation
sequencing (NGS) for broad virus detection. As an initiative of the Advanced
Virus Detection Technologies Interest Group, CBER scientists along with two
others from the vaccine industry, have completed virus spiking studies to
determine the sensitivity of NGS detection of different virus types using
different background matrices. These results provided the basis for current
large scale preparations of virus reference stocks that will be available for

45| Page






evaluating NGS for improving safety of biological products. Furthermore, in-
house NGS analysis provides first-hand experience with challenges of
bioinformatics analysis of large datasets including data management, transfer,
and storage. The recent discovery by CBER scientists of a novel rhabdovirus
in Sf9 insect cells helped develop a bioinformatics strategy for novel virus
detection and led to the development of a new virus reference database for
enhancing NGS big data analysis for novel virus detection. The reference
materials will facilitate use of NGS for known and novel virus detection for cell
substrate characterization and product safety and aid in decision-making and
policy development regarding use of NGS in regulatory applications.

Adventitious agent test
methods for evaluating
vaccine safety

CBER scientists identified improved parameters for adventitious agent
detection using next generation sequencing methods.

OVRR

Efficacy of novel dengue
vaccines

A case of "dengue" in a vaccine or control is defined as fever of two days
duration plus dengue virus isolation OR the identification of NS1 in blood. The
current ELISA to detect NS1 is non-specific for serotype of the infecting virus.
CBER scientists are developing a an serotype-specific ELISA assay.

Evaluation of the safety of
cell substrates

One of the concerns with using tumorigenic cells or cells derived from human
tumors is the presence of residual DNA from the cell substrate in the vaccine.
Such DNA could be infectious or oncogenic. CBER scientists are evaluating
methods used in vaccine manufacture that could inactivate DNA.

HCMV-neutralizing activity in
therapeutic immunoglobulin
products

CBER scientists developed a RT-gPCR-based assay which is being modified
to assess HCMV neutralizing activity associated with commercial
immunoglobulin preparations. This high-throughput RT-gPCR-based HCMV
neutralization assay will be useful for facilitating HCMV vaccine development
by providing an improved tool for conducting sero-epidemiology studies and
measuring immune responses in vaccine trials. CBER scientists are also
working to develop an HCMV entry assay based on recombinant VSV-G
pseudotyped viruses; if successful, this approach could also be adapted to
high-throughput assays for measuring vaccine immunogenicity and activity
associated with biological products.

Improvement of Rabies
vaccines and the Rabies
vaccine potency assessment

CBER scientists have optimized conditions for preparation of the rabies virus
strains CVS11 and CVS24 stocks for the virus challenge studies in animals
and participated to the International Collaborative Study for alternative ELISA
potency testing of rabies vaccines for humans. The goal of this collaborative
study was to perform a multi-laboratory evaluation of different sandwich ELISA
assays for the quantification of virus-associated GP in inactivated human
rabies vaccine preparations. The study organized by the National Institute for
Biological Standards and Control (NIBSC) was carried out in December 2014 -
May 2015. CBER scientists are also conducting a research on development of
alternative (in vivo) serological potency test(s) for the immunogenicity
assessment of rabies vaccine.
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manufacturing consistency
and safety testing

CBER scientists are working to identify markers of virus neuroattenuation.
CBER scientists have found that replacement of the nucleoprotein (N), matrix
(M), hemagglutinin-neuraminidase (HN) and large (L) genes on an individual
basis lead to a 25-50% reduction in neurovirulence. The specific
nucleotide/amino acid differences between the attenuated vs. virulent forms of
these genes/proteins are being investigated. CBER scientists are also working
to identify host factors targeted by the virus and have found that a single
amino acid substitution in the mumps virus V-protein that disrupts the ability of
this protein to interact with STAT3 leads to virus attenuation. In addition,
CBER scientists are studying the efficacy of mumps vaccine. CBER scientists
have determined that recent outbreaks in highly vaccinated populations are not
likely due to vaccine escape, but rather waning immunity.

Methods of assessing
potency of allergenic
extracts

CBER scientists are conducting studies on the mass spectrometry-based
proteomic approach towards standardization of allergenic extracts.

Molecular consistency of
viral vaccines

CBER scientists are using a deep-sequencing approach to monitoring genetic
stability and molecular consistency of live and inactivated viral vaccines is
being developed. In the past year the work has focused on Oral Polio Vaccine
and both live attenuated and inactivated Influenza virus vaccines.

Neutralizing antibody
responses against measles
virus

CBER scientists have developed a high throughput neutralization assay to
measure neutralizing antibody responses against measles virus using a
recombinant measles virus expressing enhanced green fluorescent protein
(measles-eGFP). Measles neutralizing antibody is a correlate of protection
against infection and disease and this automated assay provides a rapid and
high-throughput method for measuring these antibody responses during
clinical trials and as part of the surveillance effort to eradicate measles
worldwide.

Potency test for influenza
vaccines

CBER scientists have been working to evaluate the use of isotope-dilution
mass spectrometry (IDMS) for quantification of HA in influenza primary liquid
standards (pLS). CBER scientists have completed analysis of several primary
liquid standards (pLS) by IDMS. Comparison of the IDMS data and results
generated by the traditional SDS-PAGE/densitometry method, suggests IDMS
may be used in place of the traditional method. In addition, CBER scientists
have developed an antibody-independent mass spectrometry (MS)-based
potency method. Size-exclusion chromatography (SEC) is being used to
separate trimers and multimers of HA, and then IDMS is used to quantify the
oligomeric HA. The ability of this approach to accurately quantify influenza
vaccine potency is currently being tested; (iii) CBER scientists continue to
explore the use of hydrogen-deuterium exchange (HDX) mass spectrometry to
guantify the antigenic form of influenza antigens.
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Potency test for influenza
vaccines

CBER scientists have developed an antibody independent, simple, high
throughput receptor-binding SPR-based potency assay, which does not require
any reference antisera and could be used for rapid HA guantitation and
vaccine release in pandemic scenarios.

Potency test for influenza
vaccines

CBER scientists are developing new potency assays for influenza vaccines
using ELISA-based technology. CBER scientists are characterizing the
reactivity and neutralizing activity of a large panel of monoclonal antibodies
that are being generated for use as reagents for the new potency assay.
Monoclonals with broad reactivity may be especially useful reagents for use in
assaying HA from emerging strains, before type-specific antibodies are
available.

Potency test for influenza
vaccines

CBER scientists are working to optimize the conditions purification of
bromelain cleaved HA (BHA) from different subtype influenza vaccine
candidates. This optimization is critical on the quality of the HA antigens used
as immunogen for preparation of sheep reference antiserum for influenza
vaccine standardization.

Safety test for pertussis
vaccines

CBER scientists are developing an in vitro test to detect residual pertussis
toxin in acellular pertussis vaccines that contain detoxified pertussis toxin as a
major component. CBER scientists are determining the sensitivity of this test
compared to the animal test that is currently used to detect active pertussis
toxin. Ultimately, the goal is to replace the animal test with this in vitro test,
thus reducing the number of animals used in the safety testing of acellular
pertussis vaccines.

Serologic assays for
meningococcal vaccines

CBER scientists have developed a human complement serum bactericidal
assay for serogroup A and developing assays to examine breadth of coverage
of subcapsular serogroup B meningococcal vaccines that are currently in
human clinical trials.

Standardized and non-
standardized allergen
extracts

The multiplex allergen extract potency assay (MAEPA) which was developed
by CBER scientists has been applied to short ragweed pollen and cat hair
allergen extracts and to German cockroach allergen extracts.
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Appendix 6. Office Overview Material

Office of Biostatistics and Epidemiology
OBE Mission Statement
To protect and improve public health by improving evaluations of product efficacy and safety in
clinical trials through the use of innovative trial designs (including adaptive designs),
biomarkers, and safety signal detection. Enhancing the use of healthcare data to improve
safety and effectiveness monitoring of licensed biological products. Enhancing statistical data
analyses, patient input and mathematical modeling for better benefit-risk assessments of
regulated products.
OBE Activities
e Work collaboratively with CBER product offices (OBRR, OTAT, and OVRR) to review
and evaluate statistical and epidemiological contents in all INDs, BLAs, and other
regulatory submissions
o Communicate frequently and work collaboratively with CBER offices and OBE
counterparts in CDER and CDRH on development of guidance, policies and procedures
e Conduct research activities related to clinical trial design and analysis, including adaptive
and Bayesian trial designs, innovative designs and simulation
e Conduct postmarket surveillance of licensed biologics including review of adverse event
reports, safety summaries, sponsor pharmacovigilance plans, study protocols,
presentations at FDA Advisory Committees
e Develop benefit-risk assessments and related modeling and simulations
e Use Sentinel including the Postlicensure Rapid Immunization Safety Monitoring System
(PRISM) and BloodSCAN to conduct postmarket surveillance and epidemiological
studies to address regulatory needs
e Use Center for Medicare & Medicaid Services data to conduct safety surveillance and
research on vaccine effectiveness and biologic product safety
e Use High-performance computing systems and develop methods for next-generation
sequencing, support laboratory data analysis, conduct simulations
e Encourage and support professional development for regulatory review, research, and
business support staff

OBE Research Goals & Objectives
Goal 1: Improve evaluation of product efficacy and safety in pre- and postmarket settings
through research on biomarkers, bioassays, adaptive designs and other innovative statistical
approaches.
Objectives:
¢ Research applications of Adaptive and Bayesian clinical trials designs for biologic
products.
e Research applications of meta-analyses for rare outcomes to improve assessments of
safety of biologics.
e Provide collaborative statistical support for researchers from other units within CBER.
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Goal 2: Improve the use of healthcare data to enhance monitoring of the safety and
effectiveness of licensed biological products.
Objectives:

e Advance postmarket safety surveillance through methods development and
deployment of data mining, text analytics and other approaches, such as use of high
performance computing, using data streams such as adverse event reports, claims
databases and electronic health records.

o Develop methods to assess of postmarket effectiveness and adverse events for
regulated products.

e Develop and apply quantitative bias analysis methods.

Goal 3: Improve analyses and benefit-risk assessments of regulated products by developing
enhanced statistical methods, mathematical modeling and computer simulation, and patient
input methods.
Objectives:
e Improve benefit-risk assessment methodology development and application of
gquantitative approaches for regulatory review.
e Advance application of quantitative pharmacokinetic-pharmacodynamic (PK/PD) and
related modeling approaches to evaluate dosing regimens and product effectiveness.
o Develop systems biology models of the immune response, infection or vaccination
using high performance computing, as appropriate.
¢ Improve high performance computing and advanced computational methods to
support use of Next Generation Sequencing in CBER and FDA research and
regulatory missions.

OBE Regulatory Portfolio

OBE staff collaborate with all CBER offices and is responsible for the review and evaluation of
statistical, epidemiological, benefit-risk assessment, modeling and simulation issues in the
regulatory submissions of the full spectrum of biologic in the portfolios of OBRR, OTAT and
OVRR.

Anticipated Activities (horizon scanning)

In meeting FDA performance goals for the Prescription Drug User Fee Act (PDUFA) for fiscal
years 2018-2022, OBE anticipates making regulatory and research contribution in the areas of:
+ Evaluation of human data on biomarkers for establishing surrogate endpoints for clinical
studies

* Innovative uses of adaptive designs, evaluation of novel endpoints, and application of new
approaches to statistical analysis in development of drugs for rare diseases

» Use of real world evidence for use in regulatory decision making

» Incorporation of patient’s voice in drug development and decision-making

+ Benefit-Risk assessment in regulatory decision-making

* Model-informed drug development

+ Complex innovative designs in regulatory submissions

» Analysis of data standards for product development and review

+ Postmarketing safety evaluations — including Sentinel
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Office of Tissues & Advanced Therapies

OTAT Activities

Perform regulation of advanced therapies and related outreach

Conduct research in regulatory science

Contribute to CBER-wide and FDA-wide activities (research management system, FDA
Fellows Association, other campus-wide committees

Participate in the wider scientific community by reviewing manuscripts and grant
proposals, editing, participating in and organizing scientific conferences

Engage in mentoring of staff and trainees and support of their professional development
Conduct regulatory review of applications for investigational use and product approval
for marketing, within PDUFA and MDUFA timeframes

Develop regulatory policy and issue guidance

Perform inspections and assist in compliance actions including court cases

Engage in extensive pre-submission communication with sponsors/applicants (pre-IND
and pre-pre-IND advice)

Engage in stakeholder outreach through workshops, external presentations, liaison
roles, webinars and roundtable meetings

Support professional development of regulatory staff

OTAT Research Goals & Objectives

Goal 1: Chemistry, manufacturing, controls: Enhance quality, consistency, and performance
of advanced therapeutics through development of strategies and methods for improved raw
materials sourcing, manufacturing as well as product characterization, including

test methods, standards, identification of Critical Quality Attributes, and pursuit of related
biological investigations.

Objectives:

Identify product attributes that are predictive of safety, effectiveness, and potency, plus
attributes indicative of identity and stability.

Develop and improve test methods used for product characterization to advance their
sensitivity, specificity, and predictive value.

Analyze existing and emerging strategies employed in design of advanced therapeutics
and their manufacturing, and associated impact on structure, function, safety, and
effectiveness.

Goal 2: Preclinical and clinical investigations: Enhance safety and effectiveness of
advanced therapeutics through establishment of in silico, in vitro and in vivo preclinical models,
and conduct of analyses to increase understanding of clinical trial design issues and patient
characteristics that determine outcomes.
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Objectives:

« Characterize preclinical models that relate specific product properties to biological
performance and/or clinical outcomes.

* Analyze immune responses and their impact on product performance, and identify
product or patient characteristics predictive of immunogenicity.

« Use preclinical models (in silico, in vitro, in vivo) to assess product and recipient issues,
such as the potential for pathogen transmission and other adverse reactions.

« Analyze advanced therapeutics clinical trial issues including risk assessment, clinical
trial design and monitoring, study of rare diseases, pediatric use, and donor safety.

« Conduct investigations on products implicated in adverse events post-licensure.

Goal 3: Safety issues related to human tissues: Enhance safety and effectiveness of donor
screening tests, devices and technologies used in sourcing, manufacturing, processing, and/or
testing of tissues and advanced therapeutics.

Objectives:
« Develop and characterize tests to identify donors suitable for donation of tissues, cells,
and plasma proteins for therapeutic use.
+ Evaluate methods and conditions for improved tissue processing.
+ Develop and evaluate methods for better pathogen inactivation and pathogen detection
in cell and tissue products.

OTAT Regulatory Portfolio

The products regulated by OTAT include gene therapies, cell therapies, plasma protein
therapeutics, recombinant replacement proteins, therapeutic vaccines and advanced therapies
for cancer, regenerative medicine products, xenotransplantation products, cord blood, tissue
and tissue-based products, donor screening tests, and devices used in conjunction with these
products.

Products Regulated by OTAT - Division of Plasma Proteins & Therapeutics
0 Hemostatic Agents

e Thrombin (Bovine, Human & Recombinant)

¢ Fibrin Sealant and Fibrin Sealant Patch

e CryoSeal FS System

o Coagulation factors:

e Factors VIl and IX (Human plasma-derived & Recombinant)
von Willebrand Factor (recombinant or as a factor VIII complex)
Fibrinogen Concentrate
Factor XIlII
Thrombin
Prothrombin Complex Concentrate

0 Anti-coagulants
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e Protein C
e Antithrombin Ill (Human plasma-derived & Recombinant)
e Recombinant ADAMTS13

0 General Immune globulins (IGIV, IGSC, IGIM) for PID, auto-immune disease (e.g. ITP),
neurological diseases (e.g. CIDP)

o Specific Immune globulins enriched for particular antibody specificities (e.g. rabies, tetanus,
hepatitis B, anthrax)

o0 Enzyme inhibitors for hereditary deficiencies (e.g. Alpha-1 Proteinase Inhibitor and C1
Esterase Inhibitor)

0 Antivenins and antivenoms (snake, scorpion, spider)

0 “Bypassing” Products
e Anti-Inhibitor Coagulation Complex (e.g., FEIBA)
o Recombinant activated Factor VII

Products Regulated by OTAT - Division of Cellular & Gene Therapies
e Stem cells/stem cell-derived
— Adult (e.g., hematopoietic, neural, cardiac, adipose, mesenchymal)
— Perinatal (e.g., placental, umbilical cord blood)
— Fetal (e.g., neural)
— Embryonic
— Induced pluripotent stem cells (iPSCs)
— Functionally mature/differentiated (e.g., retinal pigment epithelial cells, pancreatic
islets, chondrocytes, keratinocytes)
¢ Gene therapies — Ex vivo genetically modified cells
— Non-viral vectors (e.g., plasmids)
— Replication-deficient viral vectors (e.g., adenovirus, adeno-associated virus,
lentivirus)
— Replication-competent viral vectors (e.g., measles, adenovirus, vaccinia)
— Microbial vectors (e.g., Listeria, Salmonella)

Cancer vaccines and immunotherapies
e Xenotransplantation products
e Devices and combination products
— Engineered tissues/organs
— Selection devices for the manufacture or delivery of cells

e Tissue- based products
Products Regulated by OTAT - Division of Human Tissues
e Tissue products
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Public workshops with OTAT participation in planning and organizing

Annual US-Japan Cellular and Gene Therapy Conferences

September 20, 2017, titles “Regulatory Expectations for Xenotransplantation
Products”, Baltimore, MD

Co-sponsored with NIST "Cell Counting Workshop: Sharing practices in cell
counting measurements, April 10, 2017.

Co-organized with OBE, OCOD, and stakeholders a public workshop on Identification
and Characterization of the Infectious Disease Risks of Human Cells, Tissues, and
Cellular and Tissue-based Products; February 8-9, 2017, College Park, MD

CASSS Bioassay Workshop. April 2016

Nov 1 HRA/FDA Workshop on Gene Editing

Organizer and Session chair: PPTA/FDA/USP/EDQM Immunoglobulin Stakeholder
Forum on Measurement Methods for Procoagulant Activity of Immunoglobulins.
September 2016 Rockville, MD

Session co-chair: Blood Products Workshop on Gene Therapy Treatments for
Hemophilia A & B at the CaSSS Well Characterized Biotechnology Pharmaceutical
(WCBP), 21st Symposium on the Interface of Regulatory and Analytical Sciences for
Biotechnology Health Products. January 2017 Washington, DC

Session co-chair: Workshop “Development Activities (Early and Late Phase), | Just
Received Breakthrough, Now What Do | Do?” at the CaSSS WCBP, 20th Symposium.
January 2016 Washington, DC

Session co-chair: Workshop “Development Activities (Early and Late Phase), | Just
Received Breakthrough, Now What Do | Do?” at the CaSSS WCBP, 20th Symposium.
January 2016 Washington, DC

Session co-chair: Blood Products Workshop at the CaSSS WCBP, 18th Symposium.
January 2014 Washington, DC

Co-organizer of a section in 2016 Conference on Emerging Trends for Higher Order
Structure Characterization in Biopharmaceutical Development (26-28 January
2016, Washington, DC).

Organized an FDA public Workshop, New Methods to Predict the Immunogenicity of
Therapeutic Coagulation Proteins; September 17-18, 2015, Bethesda MD.
Co-organized a Working Group with the National Heart, Lung, and Blood Institute
(NHLBI), Toward the Rational Design of Optimally Functional Non-Immunogenic
Factor VIl Therapeutics; June 8-9, 2015, Bethesda, MD.

Anticipated products and developments (horizon scanning)

Recombinant coagulation factors with improved properties

Immune globulins protective against particular pathogens and from new sources,
including transgenic animals

Plasma protein therapeutics designed to minimize immunogenicity

Gene therapy, cell therapy maturing; more late phase trials

CAR T cells and cancer vaccines for cancer therapy

Products involving genome editing of cells in vitro and in vivo

Stem cell products

Tissue engineered products

55|Page





Office of Blood Research & Review

OBRR Mission

Assure the safety, efficacy and availability of blood and blood components for
transfusion and plasma for further manufacturing
Assure the safety and effectiveness of HIV and other retroviral diagnostic tests

OBRR Activities

Review, evaluate, and take appropriate actions on applications for investigational and
commercial use of blood components, related drugs and devices, and devices for
detection of transfusion transmissible pathogens

Review, evaluate, and take appropriate actions on applications for investigational and
commercial use of retroviral diagnostic tests

Develop procedures and guidance governing review of OBRR regulated products
Develop regulations and guidance governing practices of the blood industry related to
blood donor eligibility and the manufacture and use of OBRR regulated products
Establish physical standards to assure donor safety and the quality and safety of blood
components, related products and retroviral diagnostic tests

Perform establishment inspections and assist the Agency in regulatory compliance
actions

Perform health hazard evaluations and risk assessments of regulated products
Engage in preparedness and response to address threats of emerging infectious agents
(e.g. Ebola and Zika virus outbreaks)

Outreach and cooperation to improve global public health where feasible

Organize FDA Advisory Committee meetings and public scientific workshops on timely
topics of significance to product regulation

Conduct research to facilitate the development, manufacture, and regulatory evaluation
of regulated products

OBRR Research Goals & Objectives

Goal 1: Assess and promote safety and effectiveness of transfusion products and related
devices and technologies.

Objectives:

Evaluation of ex vivo stored platelets and/ or red cells for a) safety and efficacy, b)
toxicokinetics and development of biomarkers of product quality including Omics-based
approaches and, c¢) microparticles-associated toxicities.

Evaluation of the safety and effectiveness of oxygen carrying solutions, platelet-derived
products and related biologics.

Development and evaluation of reference panels for molecular typing methods for blood
groups and HLA antigens.

Facilitate development of pathogen reduction technologies applicable to Whole Blood
and blood components.
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Goal 2: Assess and promote safety and effectiveness of Transfusion-Transmitted Infectious
Disease (TTID) agent donor screening and supplemental tests and retroviral diagnostics.

Objectives:

Evaluation of screening and confirmatory technologies for detection of TTID agents for
assurance and enhancement of blood safety.

Development and evaluation of reference panels for screening and confirmatory tests for
TTID agents and retroviral diagnostics.

Facilitate preparedness for blood safety from emerging infectious agents and other
pathogens of global significance through investigations of mechanisms of transmission
and pathogenesis.

OBRR Regulatory Portfolio

Blood and blood components for transfusion

Plasma for further manufacturing use (including fractionation to make injectable plasma
derivatives)

Devices used in manufacture of blood and blood components (e.g., Blood Establishment
Computer Software, automated cell separators, blood grouping and cross-matching
reagents and devices, HLA tests)

Blood collection containers and additive solutions (e.g., anticoagulants)

Plasma volume expanders (albumin, dextrans, hetastarches)

Oxygen carrying solutions (HBOCSs, perfluorocarbons)

Donor screening tests and confirmatory tests for transfusion-transmissible infections;
pathogen reduction devices

Diagnostic tests for human retroviruses

Office of Vaccines Research & Review

OVRR Mission Statement

Protect and enhance the public health by assuring the availability of safe and effective vaccines,
allergenic extracts, and other related products.

OVRR Activities

Review, evaluate, and take appropriate actions on INDs, BLAs, amendments and
supplements to these applications for vaccines and related products, conducting
inspections, etc.

Develop policies and procedures governing the pre-market review of regulated products
Conducting research related to the development, manufacture, and evaluation of
vaccines and related products

OVRR Research Goals & Objectives

Goal 1: Enhance the safety of preventive vaccines and related biological products through the
development of models, methods and reagents needed in the manufacture and evaluation of
these products.

Objectives:

e To develop methods, assays and standards ensuring the purity of vaccines and
related biological products
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To evaluate the utility of novel scientific technologies to assess and maintain the
guality and consistency of vaccines and related biological products

To develop new approaches to study potential toxicity of product components,
including adjuvants

To determine and study biomarkers of pathogenicity and develop methods to
evaluate the safety of live vaccines

To investigate the mechanism of vaccine-related adverse events and approaches to
prevent and mitigate them.

Goal 2: Improve the effectiveness of vaccines and related biological products through the
development of models, methods and reagents needed to measure and predict the
effectiveness of these products.

Objectives:

To study and develop methods to assess the potency of vaccines and related
products.

To study disease pathogenesis and identify correlates of protection and biomarkers
to predict effectiveness of vaccines and related products.

To study the mechanisms of innate and adaptive immunity against viral and bacterial
diseases and mechanisms of immunopathology, including allergy.

To develop new approaches to enhance the immunogenicity, potency, and protective
effects of vaccines and related biological products.

To identify mechanism of action of adjuvants and methods for predicting their added
benefit.

Goal 3: To develop and study approaches to enhance the availability of vaccines and related
biological products.
Objectives:

To create new approaches to inducing protective immunity, modifications of antigen
presentation and vaccine delivery routes.

To create and evaluate methods for controlling the manufacturing process.

To assess the utility of novel vaccine manufacturing platforms.

To develop science-based approaches to the regulation of novel products such as
live biotherapeutic and human microbiota-based products.

To create methods for evaluation of vaccines and related biological products that
lead to refinement, reduction, and replacement of tests in laboratory animals (3R).

OVRR Regulatory Portfolio

Bacterial vaccines (inactivated)

Bacterial vaccines (live attenuated)

Viral vaccines (inactivated)

Viral vaccines (live attenuated)

Combination products (inactivated)

Allergenic extracts (diagnostic and therapeutic) >2,000
Live biotherapeutic products
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Appendix 7. Teleconferences and Site Visit Agendas

AGENDA

CBER Research Program Review — CBER Overview

Teleconference 1
March 31, 2017

2:00 pm — 2:05 pm

Introductions/Roll Call

2:05 pm —2:10 pm

Purpose, Goal, Charge & Timeline

2:15 pm — 2:25 pm

Questions from the Subcommittee

2:25 pm — 2:45 pm

CBER Regulatory Portfolio, Strategic Goals &
Research Program Overview

2:45 pm — 3:00 pm

Questions from the Subcommittee

3:00 pm

Adjourn

AGENDA

CBER Research Program Review — CBER Overview

Teleconference 2
April 7, 2017

3:00 pm — 3:05 pm

Roll Call

3:05 pm — 3:15 pm

T-con 1 Questions from the Subcommittee

3:15 pm — 2:45 pm

Overview of CBER Research Management
Career Pathways for Research Scientists
Evaluation of Research Scientists
Scientific Research Resources

2:45 pm — 3:00 pm

Questions from the Subcommittee

3:00 pm

Adjourn
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AGENDA
CBER Research Program Review — OVRR Overview
Teleconference 3

April 10, 2017
11:00 pm — 11:05 am Roll Call
11:05am —11:15 am T-con 2 Questions from the Subcommittee
11:15am —11:45 am Overview of Office of Vaccine Research & Review Marion
F. Gruber, PhD Office Director
Overview of Division of Bacterial, Parasitic and Allergenic Products Jay
E. Slater, MD
Overview of Division of Viral Products
Jerry Weir, PhD
11:45 am — 11:00 am Questions from the Subcommittee
12:00 pm Adjourn
AGENDA

CBER Research Program Review — OTAT Overview
Teleconference 4

April 19, 2017

11:00 am — 11:05 am Roll Call

11:05 am — 11:15 am T-con 3 Questions from the Subcommittee

11:15 am — 11:45 am Overview of Office of Tissues & Advanced Therapies
Suzanne Epstein, PhD, Office Associate Director for Research
Overview of Division of Plasma Protein Therapeutics
Basil Golding, MD, Division Director
Overview of Division of Cellular and Gene Therapies
Raj K. Puri, MD, PhD, Division Director

11:45 am — 12:00 am Questions from the Subcommittee

12:00 pm Closed subcommittee discussion without CBER
staff

12:30 pm Adjourn
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AGENDA

CBER Research Program Review — OBRR Overview

Teleconference 5
May 9, 2017

11:00 am — 11:05 am

Roll Call

11:05 am — 11:15 am

T-con 4 Questions from the Subcommittee

11:15 am —11:45 am

Overview of Office of Blood Research & Review

Jay S. Epstein, PhD, Director

Overview of Division of Blood Components and Devices

Orieji llloh, MD, Division Director

Overview of Division of Emerging & Transfusion Transmitted Diseases
Hira Nakhasi, PhD, Division Director

11:45 am —12:00 am

Questions from the Subcommittee

12:00 pm Closed subcommittee discussion without CBER
staff
12:30 pm Adjourn
AGENDA

CBER Research Program Review — OBE Overview

Teleconference 6
May 23, 2017

2:00 pm — 2:05 pm

Roll Call & T-con 5 Questions from the
Subcommittee

2:05 pm — 2:50 pm

Overview of Office of Biostatistics & Epidemiology

Steven Anderson, PhD, Director

Overview of Analytics & Benefit-Risk Assessment Research Program
Richard Forshee, PhD, Associate Director for Research

Overview of Division of Biostatistics

John Scott, PhD, Division Director

Overview of the High-Performance Integrated Virtual Environment
Mark Walderhaug, PhD, Assaociate Office Director for Risk Assessment

2:50 pm — 3:00 pm

Questions from the Subcommittee

3:00 pm

Closed subcommittee discussion without CBER staff

3:30 pm

Adjourn
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Food and Drug Administration
Center for Biologics Evaluation & Review (CBER)
Science Board Subcommittee (SBSC) Research of CBER Program Review

Site Visit

Tuesday, June 6, 2017

White Oak Building 31, Great Room, Salon C
10903 New Hampshire Avenue
Silver Spring, MD 20993

AGENDA
Closed Briefing Session Drs. Marks, Witten, Wilson and Science
Board Subcommittee
8:00 a.m. Welcome and Introductions
Dr. Barry Byrne, Science Board
8:05 a.m. Opening Remarks Subcommittee Chair
Dr. Peter Marks
8:30 a.m. Office of Vaccines Research & Review
Opening Remarks Dr. Philip Krause, OVRR Deputy
Director
Scientific Presentations
8:40 a.m. Facilitating the Introduction of New
Vaccines: Addressing Potential Safety Dr. Keith Peden, Laboratory Chief
Concerns with Novel Cell Substrates
Laboratory of DNA Viruses, Division of Viral
Products
8:55 a.m.
Q&A
9:00 a.m.
Rational Design of Safe and Effective Dr. Steven Rubin, Laboratory Chief
Vaccines
Laboratory of Method Development, Division
9:15 a.m. of Viral Products
9:20 a.m. Q&A

Interactions between the immune system,
the microbiome, and Clostridium difficile

Dr. Paul Carlson, Principal Investigator

62|Page





9:35 a.m.

9:40 a.m.

Laboratory of Mucosal Pathogens & Cellular

Immunology, Division of Bacterial, Parasitic &  Office Leadership, Research Staff &

Allergenic Products
Q&A

Informal discussion

Science Board Subcommittee

9:50 a.m.

Break

10:00 a.m.

10:05 a.m.

10:15 a.m.

10:20 a.m.

10:30 a.m.

10:35 a.m.

Office of Blood Research & Review
Opening Remarks

Scientific Presentations

Oxidative Toxicity of Hemoglobin-based
Oxygen Therapeutics and the Design of
Safer Products

Laboratory of Biochemistry and Vascular
Biology, Division of Blood Components &
Devices

Q&A
Genomics and Proteomics-Based Assay

Development for Detection of Babesia
microti in Blood Donors

Laboratory of Emerging Pathogens, Division of
Emerging & Transfusion Transmitted Diseases

Q&A

Informal discussion

Dr. Jay Epstein, OBRR Director

Dr. Abdu Alayash, Laboratory Chief

Dr. Sanjai Kumar, Laboratory Chief

Office Leadership, Research Staff &
Science Board Subcommittee

11:00 a.m.

11:05 a.m.

Office Biostatistics & Epidemiology
Opening Remarks

Scientific Presentations

Benefit—-Risk Assessment to Support

Management of Transfusion-Transmission

Risk of Infectious Diseases

Dr. Steven Anderson, OBE Director

Dr. Hong Yang, Principal Investigator
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Computer Modeling and Simulation of Benefits-
risks of Biological Products Division of

11:15 a.m. Biostatistics
Dr. Taxiarchis Botsis, Principal
Q&A Investigator
11:20 a.m.
Office Leadership, Research Staff &
11:30 a.m. Medical Informatics for Post-market Safety Science Board Subcommittee
Surveillance
11:35 am. Decision Support Environment, Division of
Biostatistics
Q&A
Informal discussion (OBE)
11:00 a.m. Office Biostatistics & Epidemiology
Opening Remarks Dr. Steven Anderson, OBE Director
Scientific Presentations
11:05 a.m. Benefit—Risk Assessment to Support Dr. Hong Yang, Principal Investigator
Management of Transfusion-Transmission
Risk of Infectious Diseases
Computer Modeling and Simulation of Benefits-
risks of Biological Products Division of
11:15 a.m. Biostatistics
Q&A
11:20 a.m. Dr. Taxiarchis Botsis, Principal
Investigator
11:30 a.m. Medical Informatics for Post-market Safety
Surveillance
11:35 am. Decision Support Environment, Division of
Biostatistics
Office Leadership, Research Staff &
Q&A Science Board Subcommittee
Informal discussion (OBE)
12:00 p.m. Lunch-Executive Session Closed Science Board Subcommittee
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12:45 p.m. Laboratory Tour
1:00 p.m. High Performance Integrated Virtual Dr. Vahan Simonyan (71/0158)
Environment
Computational Sciences
(OBE)
1:15 p.m.
Improving the Safety of the Blood Supply by Dr. Indira Hewlett (52/72/4230)
Developing Sensitive Diagnostic Tools
Laboratory of Molecular Virology
(OBRR)
1:30 p.m. Dr. Kyung Sung (52/72/3248)
Investigating the Effects of Cell-materials
Interactions on the Safety & Effectiveness of
Cell-based Products
1:45 p.m. Cellular and Tissue Therapy Branch
(OTAT) Dr. Gabriel Parra (52/72/1376)
Understanding Norovirus Diversity & Immune
Responses to Inform Vaccine Design
Laboratory of Hepatitis Viruses
(OVRR)
2:00 p.m. Office of Tissues & Advanced Therapies
Opening Remarks Dr. Wilson Bryan, OTAT Director
Scientific Presentations
2:05 p.m.
Synonymous Mutations: Relevance to Dr. Basil Golding, Division Director
Disease, and Protein Therapeutics (Dr. Chava
Kimchi-Sarfaty, Principal Investigator)
Structural Dynamics for Antibody-Mediated
Neutralization (Dr. Pei Zhang, Principal
2:25 p.m. Investigator)
Hemostasis Branch
Division of Plasma Protein Therapeutics
2:30 p.m.

Q&A
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Dr. Steven Bauer, Branch Chief

2:40 p.m. Strategies to Improve Characterization of
Stem-Cell Based Cellular Products
2:45 p.m. Cellular & Tissue Therapy Branch, Division of
Cellular & Gene Therapies
2:55 p.m. Q&A
Dr. Andrew Byrnes, Branch Chief
3:00 p.m. Improving animal models for adenovirus
gene therapies
Gene Transfer & Immunogenicity Branch,
Division of Cellular & Gene Therapies
Q&A
Office Leadership, Research Staff &
Science Board Subcommittee
Informal discussion
3:20 p.m. Break
3:30 p.m. Closed Executive Session Science Board Subcommittee
5:00 p.m. Closed Summary Briefing Session Drs. Byrne, Monto, Marks, Witten,
and Wilson
5:30 p.m. Adjournment
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Executive Summary — Development of Safe,
Effective, and Non-Addictive Pain Treatments

NIH Cutting Edge Science Meeting Series to End the Opioid Crisis

As part of a government-wide effort to address the opioid crisis, the National Institutes of Health (NIH)
initiated a public-private collaborative research initiative on (1) new and innovative medications and
biologics to treat opioid addiction and for overdose prevention and reversal; (2) safe, effective, and
non-addictive strategies to manage chronic pain; and (3) neurobiology of chronic pain.

To identify the scientific strategies with the greatest potential for solutions to the opioid problem, NIH
is bringing together innovative experts from government, industry, and academia for a series of three
cutting-edge science meetings. NIH seeks to pursue new approaches and recruit additional expertise
with the aim of developing new safe and effective therapeutics for opioid abuse and chronic pain in
half the time it currently takes.

The first of these meetings was held on June 5th, entitled Medlications Development for Opioid Use
Disorders and Overdose Prevention and Reversal. The second meeting, entitled Development of Safe,
Effective, and Non-Addictive Pain Treatments, was held on June 16thand is summarized below.

Key Themes

e There has been significant progress in target identification and structure based drug
development; there are many therapeutics in the pipeline.

e There is a need to reset expectations of what is achievable with pain treatment. Complete relief
may not be attainable for all patients. The goal of chronic pain treatment may be to reduce pain
so that the patient can be aggressively rehabilitated, so the underlying causes of pain can be
addressed.

e Heterogeneity—in both underlying pathology and confounding factors—among patients with
chronic pain poses significant challenges in clinical trials.

¢ Objective biomarkers are needed to improve the speed and efficiency of clinical trials.

¢ Better animal models with predictive validity are needed.

e There is a need for more basic research on a diverse range of pain conditions.

¢ Advances in neuroscience technologies are poised to accelerate the development of treatments
targeted to the neurobiological substrates of pain.

¢ There is significant potential value in coordinating across both pharmaceutical and academic
research.

o Significant overlap in the targets being pursued by different companies.
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o Common technical challenges that everyone is working on independently.
o Coordination would allow for the more efficient use of limited resources.

¢ Patient advocacy groups have a valuable perspective that should inform the research agenda.

Possible Next Steps
NIH aims develop an action plan by October 2017 to:

1. Developing a data sharing cooperative

2. Establishing a clinical trials network with cohorts of patients with severe unmet treatment
needs.

3. Initiating an effort to develop objective measures of pain (e.g. a “noci-ometer(s)” grand
challenge).

4. Accelerating development of therapeutics including: disease modifying drugs, compounds in
late stage development, repurposed compounds, and validation of current and new targets.

This page last reviewed on April 4, 2018

NIH...Turning Discovery Into Health®
National Institutes of Health, 9000 Rockville Pike, Bethesda, Maryland 20892

U.S. Department of Health and Human Services
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healthdatamanagement.com

FDA to create centralized digital health
unit

5-6 minutes

The Food and Drug Administration is creating a digital health unit
within its Center for Devices and Radiological Health in an effort to
develop internal technical expertise, and streamline the agency’s
software review process and regulation of medical devices.

“Because it's such an emerging area, having a centralized unit in
the Center Director’s Office is important for coordination on digital

health topics and having consistency in applying policies,” says
Bakul Patel, associate director of digital health in the FDA's CDRH.
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Bakul Patel

Among its responsibilities, the digital health unit will work on:

e Developing software and digital health technical expertise to

provide assistance for premarket submissions that include Software
as a Medical Device (SaMD), software inside of medical devices
(SiMD), interoperable devices or otherwise incorporate novel digital
health technologies.

Utilizing technical experts as appropriate or when requested by the
manufacturer for submissions that include SaMD, SiMD,
interoperable devices or otherwise incorporate novel digital health
technologies.

Incorporating appropriate metrics for digital health improvements to
monitor, track, analyze and report the results of digital health
premarket review timelines.

Also See: FDA’'s medical device arm ramps up HIT strategies

The digital health unit will be established in the CDRH’s Office of
the Center Director as part of the next iteration of the Medical

Device User Fee Amendments, under which the FDA is authorized
to collect user fees from medical device manufacturers. In
exchange for those fees, FDA commits to meeting certain
performance goals, such as reviewing submissions within specified
timeframes.

The medical device users fees, which must be reauthorized every
five years, expire in September. The next iteration of the
agreement, negotiated between FDA and the medical device
industry, requires congressional authorization for fiscal years 2018
to 2022.

about:reader?url=https://www.healthdatamanagement.com/news/fda-to-c...
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“The funding starts on Oct. 1, 2017, the next fiscal year,” says
Patel, who notes that existing FDA staff will not be reassigned to
the new digital health unit. Instead, the agency will hire technical
experts in various fields from the private sector—a total of 13 full-
time equivalent (FTE) positions.

“The world of digital health has a lot of expertise that we need to
supplement our organization with,” Patel adds. “If we had to do it all
internally, then it would defeat the purpose.”

According to an FDA spokesperson, the new full-time employee
allocation “will be something we plan to work on through this year in
hopes of having them onboard next fiscal year.”

Bradley Merrill Thompson, an attorney at Washington-based law
firm of Epstein Becker Green who counsels medical device
companies on regulatory issues, says that industry has long
supported medical device users fees and the concept of an FDA
digital health unit.

“On the whole, industry has been hoping that FDA would create this
office for years, and indeed it was a specific recommendation of the
FDASIA working group a few years ago, so it is great that it will
finally come to be,” Thompson notes.

At the same time, he warns that the problem for the agency will be
recruiting staff for the digital health unit. “Right now salaries for
people in those domains are sky-high, and that means many folks
are very nervous about how FDA will succeed in recruiting the
talent it needs,” adds Thompson. “For example, machine learning is
a key knowledge base that FDA should have going forward, but
machine learning people are in extremely scarce supply.”

Patel acknowledges that the agency’s effort to recruit staff for the

about:reader?url=https://www.healthdatamanagement.com/news/fda-to-c...
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digital health unit, particularly finding people with expertise in
artificial intelligence, cloud computing, cybersecurity and
interoperability. However, he says he believes that the mission and
purpose of the FDA is a big selling point for potential candidates.

“Healthcare can really benefit from us being nimble, as well as
proactive and pragmatic in how we apply policies in these emerging
areas—and, for that we need people who understand these
emerging areas,” Patel concludes. “The task in front of me is to get
the right people on board.”

Nonetheless, Thompson fears that even if the FDA is able to
successfully recruit staff for the digital health unit, the agency will
have difficulty retaining such people.

“There may be folks who come right out of school who feel like this
would be a good career opportunity for them. And that's great, until
they leave,” he says. “But that's the market. They become very
marketable because people want folks with technical expertise and
an understanding of the FDA processes.”
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Abstract Electronic health records (EHRs) provide
opportunities to enhance patient care, embed performance
measures in clinical practice, and facilitate clinical
research. Concerns have been raised about the increasing
recruitment challenges in trials, burdensome and obtrusive
data collection, and uncertain generalizability of the
results. Leveraging electronic health records to counter-
balance these trends is an area of intense interest. The
initial applications of electronic health records, as the pri-
mary data source is envisioned for observational studies,
embedded pragmatic or post-marketing registry-based
randomized studies, or comparative effectiveness studies.
Advancing this approach to randomized clinical trials,
electronic health records may potentially be used to assess
study feasibility, to facilitate patient recruitment, and
streamline data collection at baseline and follow-up.
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some of the challenges associated with using electronic
health records in clinical research. Collaboration between
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the greater use of electronic health records in clinical re-
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Keywords Electronic health records - Clinical trials as
topic - Pragmatic clinical trials as topic - Cardiovascular
diseases

Optum International, London, UK
Bayer Pharma, Berlin, Germany
13 Pfizer Ltd., Surrey, UK

Institute of Health and Wellbeing, University of Glasgow,
Glasgow, UK

15" Food and Drug Administration, Silver Spring, MD, USA

Campbell University College of Pharmacy and Health
Sciences, Campbell, NC, USA

Edwards LifeSciences, Nyon, Switzerland

'8 INSERM, Centre d’Investigation Clinique 9501 and Unité
961, Centre Hospitalier Universitaire, Nancy, France

Department of Cardiology, Nancy University, Université de
Lorraine, Nancy, France

20 Glaxo Smith Kline, King of Prussia, Pennsylvania, USA

@ Springer



http://crossmark.crossref.org/dialog/?doi=10.1007/s00392-016-1025-6&amp;domain=pdf

http://crossmark.crossref.org/dialog/?doi=10.1007/s00392-016-1025-6&amp;domain=pdf



Clin Res Cardiol (2017) 106:1-9

Introduction

Electronic health records (EHRs) provide opportunities to
enhance patient care, to embed performance measures in
clinical practice, and to improve the identification and
recruitment of eligible patients and healthcare providers in
clinical research. On a macroeconomic scale, EHRs (by
enabling pragmatic clinical trials) may assist in the
assessment of whether new treatments or innovation in
healthcare delivery result in improved outcomes or
healthcare savings.

Concerns have been raised about the current state of
cardiovascular clinical research: the increasing recruit-
ment challenges; burdensome data collection; and uncer-
tain generalizability to clinical practice [1]. These factors
add to the increasing costs of clinical research [2] and are
thought to contribute to declining investment in the field
[1].

The Cardiovascular Round Table (CRT) of the Euro-
pean Society of Cardiology (ESC) convened a two-day
workshop among international experts in cardiovascular
clinical research and health informatics to explore how
EHRs could advance cardiovascular clinical research. This
paper summarizes the key insights and discussions from the
workshop, acknowledges the barriers to EHR implemen-
tation in clinical research, and identifies practical solutions
for engaging stakeholders (i.e., academia, industry, regu-
latory bodies, policy makers, patients, and EHR vendors) in
the implementation of EHRs in clinical research.

Overview of electronic health records

Broadly defined, EHRs represent longitudinal data (in
electronic format) that are collected during routine
delivery of health care [3]. EHRs generally contain
demographic, vital statistics, administrative, claims
(medical and pharmacy), clinical, and patient-centered
(e.g., originating from health-related quality-of-life
instruments, home-monitoring devices, and frailty or
caregiver assessments) data. The scope of an EHR varies
widely across the world. Systems originating primarily as
billing systems were not designed to support clinical work
flow. Moving forward, EHR should be designed to opti-
mize diagnosis and clinical care, which will enhance their
relevance for clinical research. The EHR may reflect
single components of care (e.g., primary care, emergency
department, and intensive care unit) or data from an
integrated hospital-wide or inter-hospital linked system
[4]. EHRs may also change over time, reflecting evolving
technology capabilities or external influences (e.g., chan-
ges in type of data collected related to coding or reim-
bursement practices).

@ Springer

EHRs emerged largely as a means to improve healthcare
quality [5-7] and to capture billing data. EHRs may
potentially be used to assess study feasibility, facilitate
patient recruitment, streamline data collection, or conduct
entirely EHR-based observational, embedded pragmatic, or
post-marketing randomized registry studies, or compara-
tive effectiveness studies. The various applications of
EHRs for observational studies, safety surveillance, clini-
cal research, and regulatory purposes are shown in Table 1
[3, 8-10].

Electronic health records for research applications
Epidemiologic and observational research

EHR data have been used to support observational studies,
either as stand-alone data or following linkage to primary
research data or other administrative data sets [3, 11-14].
For example, the initial Euro Heart Survey [15] and sub-
sequent Eurobservational Research Program (EORP) [16],
the American College of Cardiology National Cardiovas-
cular Data Registry (ACC-NCDR) [14], National Registry
of Myocardial Infarction (NRMI), and American Heart
Association Get With the Guidelines (AHA GWTG) [17]
represent clinical data (collected from health records into
an electronic case report form [eCRF] designed for the
specific registry) on the management of patients across a
spectrum of different cardiovascular diseases. However,
modern EHR systems can minimize or eliminate the need
for duplicate data collection (i.e., in a separate registry-
specific eCRF), are capable of integrating large amounts of
medical information accumulated throughout the patient’s
life, enabling longitudinal study of diseases using the
existing informatics infrastructure [18]. For example, EHR
systems increasingly house imaging data which provide
more detailed disease characterization than previously
available in most observational data sets. In some countries
(e.g., Farr Institute in Scotland [19]), the EHR can be
linked, at an individual level, to other data sets, including
general population health and lifestyle surveys, disease
registries, and data collected by other sectors (e.g., edu-
cation, housing, social care, and criminal justice). EHR
data support a wide range of epidemiological research on
the natural history of disease, drug utilization, and safety,
as well as health services research.

Safety surveillance and regulatory uses

Active post-marketing safety surveillance and signal
detection are important, emerging applications for EHRs,
because they can provide realistic rates of events (unlike
spontaneous event reports) and information on real-world
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Table 1 Electronic health records in research

Type Example

Status

Observational studies Health utilization

Drug utilization

Widely used and accepted

Epidemiology (incidence/prevalence)

Natural history
Risk factors

Safety surveillance

Active surveillance (e.g., Sentinel®)

Clinical research Hypothesis generation

Feasibility assessments

Performance improvement, guideline adherence

Patient recruitment

Comparative effectiveness, health technology assessments
Pragmatic trials (e.g. PROBE design)

Point of care randomization

Registry randomized trials to test new interventions

Source data to populate eCRF (eliminating or minimizing need

for data extraction/data entry)
Endpoint or SAE ascertainment
Regulatory

New indications or marketing authorization

Traditional post-marketing safety surveillance

Safety surveillance, pharmacovigilance

Widely used and accepted
Emerging
Accepted
Accepted
Accepted
Emerging
Emerging
Emerging
Emerging
Emerging

Emerging/potential

Emerging/potential
Accepted
Potential

* Sentinel is the United States Food and Drug Administration’s national electronic system to proactively monitor medical product safety post-
marketing, through rapidly and securely accessing data from large amounts of electronic healthcare records, insurance claims, and registries,

from a diverse group of data partners [24]

PROBE prospective randomized open blinded endpoint, eCRF electronic case report form, SAE serious adverse event

use of drugs [20]. The EU-ADR project linked 8 databases
in four European countries (Denmark, Italy, The Nether-
lands, United Kingdom) to enable analysis of select target
adverse drug events [21]. The European Medicines Agency
(EMA) coordinates the European Network of Centres for
Pharmacoepidemiology and Pharmacovigilance (ENCePP)
which aims to conduct post-marketing risk assessment
using various EHR sources [22, 23]. In the United States,
the Food and Drug Administration (FDA) uses EHR data
from several different sources (e.g., Sentinel and Mini-
Sentinel System [24], Centers for Medicare and Medicaid
Services [CMS], Veterans Affairs, Department of Defense,
Substance Abuse and Mental Health Services Administra-
tion) to support post-marketing safety investigations [25].

Prospective clinical research

National patient registries that contain data extracted from
the EHR are an accepted modality to assess guideline
adherence and the effectiveness of performance improve-
ment initiatives [26-33]. However, the use of EHRs for
prospective clinical research is still limited, despite the fact
that data collected for routine medical care overlap con-
siderably with data collected for research. The most

straightforward and generally accepted application for
EHR is assessing trial feasibility and facilitating patient
recruitment, and EHRs are currently used for this purpose
in some centers. Using EHR technology to generate lists of
patients who might be eligible for research is recognized as
an option to meet meaningful use standards for EHR in the
United States [6]. However, incomplete data may prohibit
screening for the complete list of eligibility criteria [34],
but EHRs may facilitate pre-screening of patients by age,
gender, and diagnosis, particularly for exclusion of ineli-
gible patients, and reduce the overall screening burden in
clinical trials [35]. A second, and more complex, step
involves the reuse of information collected in EHRs for
routine clinical care as source data for research. Using
EHRs as the source for demographic information, co-
morbidities, and concomitant medications has several
advantages over separately recording these data into an
eCRF. Transcription errors may be reduced, since EHR
data are entered by providers directly involved in a
patient’s care as opposed to secondary eCRF entry by study
personnel. The eCRF may be a redundant and costly step in
a clinical trial, since local health records (electronic or
paper) are used to verify source data entered into the eCRF.
Finally, EHRs might enhance patient safety and reduce
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timelines if real-time EHR systems are used in clinical
trials, in contrast to delays encountered with manual data
entry into an eCRF. The EHR may facilitate implementa-
tion of remote data monitoring, which has the potential to
greatly reduce clinical trial costs. The Innovative Medicine
Initiative (IMI) Electronic Health Records for Clinical
Research (EHR4CR, http://www.ehrdcr.eu) project is one
example, where tools and processes are being developed to
facilitate reuse of EHR data for clinical research purposes.
Systems to assess protocol feasibility and identify eligible
patients for recruitment have been implemented, and
efforts to link EHRs with clinical research electronic data
collection are ongoing [36].

A shift towards pragmatic trials has been proposed as a
mechanism to improve clinical trial efficiency [37]. Most
of the data in a pragmatic trial are collected in the context
of routine clinical care, which reduce trial-specific clinic
visits and assessments, and should also reduce costs [38].
This concept is being applied in the National Institutes of
Health (NIH) Health Care Systems Research Collabora-
tory. Trials conducted within the NIH Collaboratory aim to
answer questions related to care delivery and the EHR
contains relevant data for this purpose. Studies may have
additional data collection modules if variables not routinely
captured in the EHR are needed for a specific study.
Similarly, the Patient-Centered Outcomes Research Insti-
tute (PCORI) has launched PCORnet, a research network
that uses a common data platform alongside the existing
EHR to conduct observational and interventional compar-
ative effectiveness research [9, 39, 40].

The integration of EHRs in the conventional randomized
controlled trials intended to support a new indication is
more complex. EHRs may be an alternative to eCRFs when
data collection is focused and limited to critical variables
that are consistently collected in routine clinical care.
Regulatory feedback indicates that while a new indication
for a marketed drug might be achieved through EHRs, first
marketing authorization using data entirely from EHRs
would most likely not be possible with current systems
until validation studies are performed and reviewed by
regulatory agencies. The EHR could also be used to collect
serious adverse events (SAE) that result in hospitalization,
or to collect endpoints that do not necessarily require
blinded adjudication (e.g., death), although the utility of
EHRs for this purpose is dependent on the type of endpoint,
whether it can reliably be identified in the EHR, and the
timeliness of EHR data availability. Events that are coded
for reimbursement (e.g., hospitalizations, MI) or new
diagnoses, where disease-specific therapy is initiated (e.g.,
initiation of glucose lowering drugs to define new onset
diabetes) tend to be more reliable. The reliability of end-
point collection varies by region and depends on the extent
of linkage between different databases.

@ Springer

Challenges to using electronic health records
in clinical trials and steps toward solutions

Challenges to using EHRs in clinical trials have been
identified, related to data quality and validation, complete
data capture, heterogeneity between systems, and devel-
oping a working knowledge across systems (Table 2).
Ongoing projects, such as those conducted within the NIH
Collaboratory and PCORnet [39, 41] in the United States or
the Farr Institute of Health Informatics Research in Scot-
land, have demonstrated the feasibility of using EHRs for
aspects of clinical research, particularly comparative
effectiveness. The success of these endeavors is connected
to careful planning by a multi-stakeholder group commit-
ted to patient privacy, data security, fair governance, robust
data infrastructure, and quality science from the outset. The
next hurdle is to adapt the accrued knowledge for appli-
cation to a broader base of clinical trials.

Data quality and validation

Data quality and validation are key factors in determining
whether EHRs might be suitable data sources in clinical
trials. Concerns about coding inaccuracies or bias intro-
duced by selection of codes driven by billing incentives
rather than clinical care may be diminished when health-
care providers enter data directly into the EHRs or when
EHRs are used throughout all areas of the health-system,
but such systems have not yet been widely implemented
[42]. Excessive or busy workloads may also contribute to
errors in clinician data entry [43]. Indeed, errors in EHRs
have been reported [43-45].

Complete data capture is also a critical aspect of using
EHRs for clinical research, particularly if EHRs are used
for endpoint ascertainment or SAE collection. Complete
data capture can be a major barrier in regions, where
patients receive care from different providers or hospitals
operating in different EHR systems that are not linked.

Consistent, validated methods for assessing data quality
and completeness have not yet been adopted [46], but
validation is a critical factor for the regulatory acceptance
of EHR data. Proposed validation approaches include using
both an eCRF and EHRs in a study in parallel and com-
paring results using the two data collection methods. This
approach will require collaborative efforts to embed EHR
substudies in large cardiovascular studies conducted by
several sponsors. Assessing selected outcomes of interest
from several EHR-based trials to compare different
methodologies with an agreed statistical framework will be
required to gauge precision of data collection via EHRs. A
hybrid approach has also been proposed, where the EHR is
used to identify study endpoints (e.g., death, hospitaliza-
tion, myocardial infarction, and cancer), followed by
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Table 2 Challenges of using electronic health records in research

Problem Example

Potential Solutions

Data quality Selecting measurement of interest for a clinical trial
and when multiple measurements are available (e.g.,
validation laboratory data)

Inaccurate information in EHRs

Coding errors

Complete data
capture

Clinical endpoints

SAEs

Problematic in multiple-payer systems
Death

Multiple different vendors within a given country or
region

Heterogeneity
among
systems Inconfigurable systems

Lack of flexible architecture

Lack of common data fields, data definitions, and
difficulty with data mapping

Incomplete data capture

Missing fields of interest (i.e. relevant to some diseases

but not others)

Inability to link systems (i.e. different patient identifiers)

System
knowledge

Inadequate understanding of database and its structure

Researchers may not understand limitations of database

Specific parameters (e.g., using date or time windows) stated in
protocol or operating procedures for extracting data from EHR
into eCRF

Use codes linked to reimbursement, which have greater likelihood
of reliability

Stakeholder collaboration to develop validation methodology

Stakeholder collaboration to contribute data for EHR validation
studies

Develop standards for data sharing and privacy
Explore linking EHRS to national death registries

Commit resources to harmonization efforts

Form working group with representation from all stakeholders to
develop consensus agreement on a common set of data variables
to be included in all systems

Transparency
Develop and maintain data standards and operations manuals

Report strengths, limitations, and nuances of databases in primary
manuscripts

Informatics training for investigators

EHR electronic health record, SAE serious adverse event

adjudication and validation of EHR findings using clinical
data (e.g., electrocardiogram and laboratory data).

Validity should be defined a priori and should be
specific to the endpoints of interest as well as relevant to
the country or healthcare system. Validation studies should
aim to assess both the consistency between EHR data and
standard data collection methods, and also how identified
differences influence a study’s results. Proposed uses of
EHRs for registration trials and methods for their valida-
tion will likely be considered by regulatory agencies on a
case-by-case basis, because of the limited experience with
EHRs for this purpose at the current time. Collaboration
among industry sponsors to share cumulative experiences
with EHR validation studies might lead to faster accep-
tance by regulatory authorities.

The ESC-CRT recommends that initial efforts to inte-
grate EHRs in clinical trials focus on a few efficacy end-
points of interest, preferably objective endpoints (e.g., all-
cause or cause-specific mortality) that are less susceptible
to bias or subjective interpretation. As noted above, mor-
tality may be incompletely captured in EHRs, particularly
if patients die outside of the hospital, or at another

institution using a non-integrated EHR. Thus, methods to
supplement endpoint ascertainment in the EHR may be
necessary if data completeness is uncertain. Standardized
endpoint definitions based on the EHR should be included
in the study protocol and analysis plan. A narrow set of
data elements for auditing should be prospectively defined
to ensure the required variables which are contained in the
EHR.

Early interaction between sponsors, clinical investiga-
tors, and regulators is recommended to enable robust
designs for clinical trials aiming to use EHRs for endpoint
ascertainment. Plans to translate Good Clinical Practice
into an EHR facilitated research environment should be
described. Gaps in personnel training and education should
be identified and specific actions to address training defi-
ciencies should be communicated to regulators and in place
prior to the start of the trial.

Timely access to electronic health record data

The potential for delays in data access is an important
consideration when EHRs are used in clinical trials. EHRs
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may contain data originally collected as free text that was
later coded for the EHR. Thus, coded information may not
be available for patient identification/recruitment during
the admission. Similarly, coding may occur weeks or
months after discharge. In nationally integrated systems,
data availability may also be delayed. These delays may be
critical depending on the purpose of data extracted from the
EHR (e.g., SAE reporting, source data, or endpoints in a
time-sensitive study).

Heterogeneity between systems

Patients may be treated by multiple healthcare providers
who operate independently of one another. Such patients
may have more than one EHR, and these EHRs may not be
linked. This heterogeneity adds to the complexity of using
EHRs for clinical trials, since data coordinating centres
have to develop processes for interacting or extracting data
from any number of different systems. Differences in
quality [47], non-standardized terminology, incomplete
data capture, issues related to data sharing and data pri-
vacy, lack of common data fields, and the inability of
systems to be configured to communicate with each other
may also be problematic. Achieving agreement on a min-
imum set of common data fields to enable cross commu-
nication between systems would be a major step forward
towards enabling EHRs to be used in clinical trials across
centers and regions [48, 49].

Data security and privacy

Privacy issues and information governance are among the
most complex aspects of implementing EHRs for clinical
research, in part because attitudes and regulations related to
data privacy vary markedly around the world. Data security
and appropriate use are high priorities, but access should
not be restricted to the extent that the data are of limited
usefulness. Access to EHR data by regulatory agencies will
be necessary for auditing purposes in registration trials.
Distributed analyses have the advantage of allowing data to
remain with the individual site and under its control
[39, 41].

Pre-trial planning is critical to anticipate data security
issues and to develop optimal standards and infrastructure.
For pivotal registration trials, patients should be informed
during the consent process about how their EHRs will be
used and by whom. Modified approaches to obtaining
informed consent for comparative effectiveness research
studies of commonly used clinical practices or interven-
tions may be possible [50]. A general upfront consent
stating that EHR data may be used for research is a
proactive step that may minimize later barriers to data
access, although revision of existing legislation or ethics
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board rules may be needed to allow this approach. Patients
and the public should be recognized as important stake-
holders, and they can be advocates for clinical research
using EHRs and improve the quality of EHR-based
research if they are educated and engaged in the process
and the purpose and procedures for EHR use are trans-
parent. Developing optimal procedures for ensuring
patients that are informed and protected, balanced with
minimizing barriers to research is a major consideration as
EHR-based research advances.

System capabilities

EHRs for use in clinical research need a flexible architec-
ture to accommodate studies of different interventions or
disease states. EHR systems may be capable of matching
eligibility criteria to relevant data fields and flagging
potential trial subjects to investigators. Patient question-
naires and surveys can be linked to EHRs to provide
additional context to clinical data. Pre-population of eCRFs
has been proposed as a potential role for EHRs, but the
proportion of fields in an EHR that can be mapped to an
eCRF varies substantially across systems.

EHRs may be more suitable for pragmatic trials where
data collection mirrors those variables collected in routine
clinical care. Whether regulators would require collection
of additional elements to support a new drug or new
indication depends on the drug, intended indication, patient
population, and potential safety concerns.

Sustainability

The sustainability of EHRs in clinical research will largely
depend on the materialization of their promised efficien-
cies. Programs like the NIH Collaboratory [41] and
PCORnet [39, 41], and randomized registry trials [51, 52]
are demonstrating the feasibility of these more efficient
approaches to clinical research. The sustainability of using
EHRs for pivotal registration clinical trials will depend on
regulatory acceptance of the approach and whether the
efficiencies support a business case for their use.

Role of stakeholders

To make the vision of EHRs in clinical trials a reality,
stakeholders should collaborate and contribute to the
advancement of EHRs for research. Professional bodies,
such as the ESC, can play a major role in the training and
education of researchers and the public about the potential
value of EHR. Clinical trialists and industry must be
committed to advancing validation methodology [53].
Investigators should develop, conduct, and promote
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Table 3 Role and influence of stakeholders in advancing the use of electronic health records in clinical research

Stakeholder

Contribution

Professional societies

Training and education

Global platform for education at annual meetings or congresses
Leverage industry support

Public education to foster public support

Transform EORP into a prospective trial instrument; generate support from industry who may use this resource for
future trials

Develop data standards (CARDS-revisited)

Organize working groups charged with generating common EHR templates or data sets, or achieving agreement on

minimum standards

Lobby regulatory agencies and industry sponsors

Clinical trialists and
industry

Engage other collaborators (e.g., ethicists, CROs, academic CROs, information governance, registries, IT providers,
EHR companies, patient advocacy groups, data protection/security experts, legislators/agencies, public funders,

legal experts, treating physicians, hospital administrators)

Pilot the evaluation of EHR versus conventional non-EHR trials

Pilot trials to compare event collection using EHRs versus usual eCRF

Conduct actual EHR trials, initially in smaller countries, adapting the approach based on lessons learned, then

applying to larger settings

Adopt EHRs on an experimental basis for feasibility assessments and patient recruitment

Lobby other stakeholders to collaborate towards developing robust methodology to incorporate EHRs in clinical trials

Educate professionals and the public about potential value of EHRs

Regulatory
EHR vendors

Work with industry to identify appropriate ways to incorporate EHR data prospectively into study designs
Invest in building research capabilities on EHR platforms

CARDS cardiology audit and registration data standards, CRO contract research organization, eCRF electronic case report form, /7 information
technology, EHR electronic health record, EORP European Observational Research Program

institutional EHR trials that change clinical practice; such
experience may encourage EHR trial adoption by industry
and the agencies. Development of core or minimal data sets
could streamline the process, reduce redundancy and
heterogeneity, and decrease start-up time for future EHR-
based clinical trials. These and other stakeholder contri-
butions are outlined in Table 3.

Conclusion

Electronic health records are a promising resource to
improve the efficiency of clinical trials and to capitalize on
novel research approaches. EHRs are useful data sources to
support comparative effectiveness research and new trial
designs that may answer relevant clinical questions as well
as improve efficiency and reduce the cost of cardiovascular
clinical research. Initial experience with EHRs has been
encouraging, and accruing knowledge will continue to
transform the application of EHRs for clinical research.
The pace of technology has produced unprecedented ana-
Iytic capabilities, but these must be pursued with appro-
priate measures in place to manage security, privacy, and
ensure adequacy of informed consent. Ongoing programs
have implemented creative solutions for these issues using
distributed analyses to allow organizations to retain data

control and by engaging patient stakeholders. Whether
EHRs can be successfully applied to the conventional drug
development in pivotal, registration trials remains to be
seen and will depend on demonstration of data quality and
validity, as well as realization of expected efficiencies.
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Repurposing old drugs, like ketamine, saves time and money https://www.statnews.com/2016/04/26/ketamine-drugs-repurposing/

STAT

Can we find new uses for old drugs? One word: Viagra

By David E. Potter

April 26, 2016

Sildenafil was originally a medication for cardiovascular issues, but it has been repurposed as Viagra. AFP/Getty Images

Humans have been “repurposing” for centuries. Today we turn old churches into museums, schoolhouses
into condos, old tires into artificial turf, and plastic bottles into dress pants. Drugs have become a new and
exciting target for this activity.

Two high-profile examples in the drug world are sildenafil and minoxidil. Both began as medications for
cardiovascular issues. But along the way, it became clear that they did other things even better. Sildenafil,
rebranded as Viagra, helps some men with erectile dysfunction get and sustain erections. Minoxidil helps
hair grow, which spawned Rogaine.

Finding new uses for existing medications makes good sense. The cost to develop a new drug is
astounding, ranging from $1 billion to $2 billion, and it takes 10 to 12 years or more to go from the lab to
the clinic. Only about 10 percent of new drugs and biologics are approved, and fewer than 20 percent of
them generate enough revenue to cover the cost of research and development.

Repurposing can save time and money in developing treatments for diseases that don’t have effective
therapies. Another advantage is that the side effects of the “old” drug are already well-known.

A new life for ketamine
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Fifty years ago, I was part of a team at Parke-Davis! (once America’s oldest and largest pharmaceutical

company) that developed a new drug called ketamine?

as an anesthetic agent. The FDA approved it in
1970. I’ve been keeping an eye on this medication? ever since. Ketamine blocks a glutamate receptor
known as NMDA. This receptor is involved in pain transmission and other activities of the central

nervous system, including memory, cognition, and sensory functions such as hearing.

Related Story: 2

Scientists seek fast-acting antidepressant, from ketamine to laughing gas 2

My research team at the Texas A&M Health Science Center is one of several looking at ketamine? for
new uses, such as treating tinnitus (ringing in the ears), major depression, and chronic pain. Chronic pain
and depression often coexist; when depression improves, people often tolerate pain better.

No drugs are currently approved to treat tinnitus. It affects more than 15 million Americans, including
soldiers who have been on the battlefield, teenagers who use headphones at high volumes, industrial
workers who experience high levels of ambient noise, and the elderly. Ketamine could be a safe treatment
for this potentially aggravating condition.

Although numerous drugs are available to treat depression’, they don’t always work. Antidepressants like
Prozac, Zoloft, or Effexor can take weeks or months to ease depression, if they work at all. Ketamine acts
quickly to relieve depression and ease suicidal thoughts, often having effects in minutes to hours.

Opioids® such as morphine are powerful painkillers, but they can make a spinal cord injury worse.
Sometimes they can even make pain worse. Opioids also can be addictive. Ketamine, despite its use as a
street drug, isn’t thought to be addictive, but it might be habit-forming.

Beyond ketamine

We plan to test ketamine in combination with another existing drug, brimonidine, which is currently
approved to treat glaucoma and rosacea. Our hope is that this combination will be better than ketamine
alone for treating pain while canceling out negative side effects of each other.

Related Story: 7
Rival drug firms team up to test new approach to cancer treatment ’

There are a number of other promising candidates for repurposing: mecamylamine, ropinirole, and
valsartan were all originally used for high blood pressure but are now being examined for treating
depression, Parkinson’s disease, and Alzheimer’s disease, respectively. Tamoxifen, originally used for
breast cancer, and amphotericin B, an antifungal drug, might both be useful in bipolar disorder.

As is the case for any drug, new or repurposed, there is always more to learn. But it makes sense to
explore existing drugs for new indications as a way to improve treatment while reducing drug
development time, cost, and risk of unexpected side effects.

David E. Potter, PhD, is professor and chair of pharmaceutical sciences at the Texas A&M Health
Science Center Irma Lerma Rangel College of Pharmacy.
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Abstract

Conventional cancer clinical trials can be slow and costly, often produce results with limited external validity, and are
difficult for patients to participate in. Recent technological advances and a dynamic policy landscape in the United States

have created a fertile ground for the use of real-world data (RWD) to improve current methods of clinical evidence generation.
Sources of RWD include electronic health records, insurance claims, patient registries, and digital health solutions outside of
conventional clinical trials. A definition focused on the original intent of data collected at the point of care can distinguish
RWD from conventional clinical trial data. When the intent of data collection at the point of care is research, RWD can be gen-
erated using experimental designs similar to those employed in conventional clinical trials, but with several advantages that
include gains in efficient execution of studies with an appropriate balance between internal and external validity. RWD can
support active pharmacovigilance, insights into the natural history of disease, and the development of external control arms.
Prospective collection of RWD can enable evidence generation based on pragmatic clinical trials (PCTs) that support random-
ized study designs and expand clinical research to the point of care. PCTs may help address the growing demands for access
to experimental therapies while increasing patient participation in cancer clinical trials. Conducting valid real-world studies
requires data quality assurance through auditable data abstraction methods and new incentives to drive electronic capture of

clinically relevant data at the point of care.

Real-world data (RWD) is a general term that can be described
as data generated or obtained outside of conventional clinical
trials. A wide range of data elements can be captured in the
real-world setting, including variables on the individual (eg, pa-
tient demographics, physical, and physiologic parameters), the
environment, and clinical outcomes (eg, survival and tumor dy-
namics such as response rate). Sources of real-world data in-
clude insurance claims, patient registries, electronic health
records (EHRs), patient health records, and digital health solu-
tions such as mobile applications and devices, including those
with sensor capabilities (eg, gyroscopic accelerometers). A defi-
nition that focuses on the original intent behind collection of
clinical data can be used to characterize the core characteristics
of RWD (Table 1). Using this framework, purposeful collection of
data at the point of care for research, rather than routine deliv-
ery of health care services, narrows the gap between real-world

Received: April 24, 2017; Revised: June 28, 2017; Accepted: August 8, 2017

and conventional clinical trial data, providing a foundation for
optimal experimental designs that include randomization at
the point of care.

The major contributing factor to the emergence of RWD as a
viable source of clinical evidence has been the recent accelera-
tion in the use of EHRs. As direct conduits into point of care ac-
tivities and transactions, EHRs are practical and scalable tools
for data collection. The driving force behind increased adoption
of EHRs in the United States was the 2009 Health Information
Technology for Economic and Clinical Health (HITECH) Act,
enacted as part of the American Recovery and Reinvestment
Act to promote the adoption and meaningful use of interopera-
ble health information technology systems. HITECH facilitated
adoption of EHRs by making investments in incentive programs
for health care providers and hospitals (1). By 2014, adoption of
EHRs by office-based physicians nearly doubled. Similarly, the

Published by Oxford University Press 2017. This work is written by US Government employees and is in the public domain in the US.
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Table 1. The intended use of point-of-care data at the time of collection is the primary feature informing potential use cases of real-world data

for clinical evidence generation*

Intended use of
data at the time Primary sources
of collection of data

Potential use cases

Challenges

EHRs and PHRs
Insurance claims
Patient registries
Digital health
solutions

Delivery of rou-
tine health
care services

EHRs and PHRs
Digital health
solutions

Research All of the above plus:

“EHR = electronic health record; PHR = patient health record.

proportion of nonfederal acute care hospitals reporting EHR use
increased from 13% in 2009 to 76% in 2014 (2).

Leveraging RWD has been of great interest to the US Food
and Drug Administration (FDA). In 2008, the Agency launched
the Sentinel Initiative in response to the FDA Amendments Act
(FDAAA) calling for creation of an active surveillance system for
monitoring the safety of approved drugs and medical products.
Working with several data partners (including insurers, univer-
sities, and hospitals), important surveillance reports have been
generated using data contained in Sentinel’s network of claims
and EHR-related content (3). More recently, the FDA’s Office of
Oncology and Hematology Products launched the Information
Exchange and Data Transformation (INFORMED) initiative, a
multidisciplinary effort that focuses on building technical and
organizational infrastructure in several key areas of big data an-
alytics to explore new pipelines of data from sources such as
EHRs and digital health solutions in making regulatory deci-
sions (4). The enactment of the 21°* Century Cures Act in 2016
has paved a new path for the use of RWD to support new prod-
uct indications and postapproval requirements (5).

Opportunities for Using Real-world Evidence in
Cancer Drug Development

Existing FDA regulations offer adequate flexibility for the use of
emerging sources of clinical evidence in making regulatory deci-
sions (6). As a result, efforts for using real-world data should fo-
cus on the development of appropriate study designs and
strategies for acquisition of high-quality data from EHRs. The
experimental principles that have shaped the basic tenets of
biomedical research can be used to assess the role of point-of-
care data in clinical evidence generation and guide the design of
valid real-world studies (7).

Real-world Evidence for Digital Pharmacovigilance

As defined by the World Health Organization, pharmacovigi-
lance encompasses the science and activities related to the de-
tection, assessment, understanding, and prevention of adverse

Development of external control

Studying the natural history of disease

Postmarket pharmacovigilance

Hypothesis generation to support design
of prospective clinical trials

Prospective pragmatic clinical trials that
support randomization and other ex-
perimental design principles employed
in conventional clinical trials

Can primarily support retrospective analyses

Limited availability of clinically relevant struc-
tured data elements in EHRs

Extraction of data from unstructured content
(eg, physician notes and diagnostic reports) is
resource intensive

Requires special procedures for assurance of
data quality

Creation of new incentives for capturing clini-
cally relevant structured data elements at the
point of care

Providing appropriate training for community
oncologists to ensure adherence to ethical,
regulatory, and legal standards in conducting
clinical research

effects and other drug-related problems (8). The primary mech-
anism employed by regulatory agencies to support postmarket
pharmacovigilance is based on passive surveillance through
analysis of voluntary reports of adverse events by health care
professionals and patients, in addition to required reporting by
pharmaceutical companies (9). Passive reporting has several
limitations and can be influenced by factors unrelated to the in-
trinsic effects of a product such as media attention and the
length of time the product has been on the market.
Establishment of the Sentinel Initiative by the FDA was driven
by the need to create an active surveillance system where RWD
can be proactively interrogated for detection of new safety sig-
nals (10,11). The rapid growth in information technology solu-
tions in recent years provides an opportunity for the
development of an integrated approach based on RWD from
EHRs and patient-generated sources such as mobile applica-
tions and internet search logs for bringing pharmacovigilance
into the digital age (12,13). In randomized clinical trials, web-
based tools designed to capture self-reported symptoms have
been shown to improve survival in patients with advanced can-
cers undergoing treatment, highlighting the value of a digital
framework in identification of adverse events and triggering
mitigation strategies to prevent downstream adverse conse-
quences (14,15). A digital pharmacovigilance system linking
RWD (generated by health care professionals through EHRs and
by individual patients through web and mobile applications) to
clinical investigators and pharmacovigilance scientists in in-
dustry and regulatory agencies can support an active surveil-
lance system capable of rapid deployment of mitigation
strategies once a valid safety signal is detected. The validity of
safety signals in a digital pharmacovigilance system can be de-
termined using data mining techniques, such as proportional
reporting ratios and empirical Bayesian geometric mean scores
already employed by the FDA and other regulatory agencies
(16,17). A digital framework that includes heterogeneous pipe-
lines of real-world data can also take advantage of deep learn-
ing approaches based on artificial intelligence and natural
language processing to supplement insights gained from tradi-
tional data mining methods with computational reasoning to
improve safety signal detection practices (18,19,20).
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Real-world Evidence as Means of Studying the Natural
History of Disease and Development of External
Controls

Applications supporting FDA approval of a new drug or biologic
product are required to contain data from adequate and well-
controlled clinical investigations (21). Appropriate design of
such studies relies on making accurate assumptions about the
natural history of the disease under investigation. The natural
history of disease depicts the course of a disease from the time
right before its inception to the presymptomatic phase, the dif-
ferent clinically symptomatic stages, and the point where the
patient is cured, chronically disabled, or dead without external
intervention (22). One way of describing this continuum is by
identifying the impact of two types of covariates that influence
the risk of developing asymptomatic disease from a healthy
state (type 1) and progression to the symptomatic stage of dis-
ease (type 2) (23). Our current understanding of the natural his-
tory of disease is largely informed by studies at academic
referral centers, despite the fact that most patients are treated
in community-based medical practices (24). RWD provides an
opportunity to study the covariates that influence the natural
history of disease in settings where the majority of the popula-
tion is under routine monitoring and treatment. For example,
real-world analyses of type 1 covariates responsible for increas-
ing the risk of cancer in healthy individuals can be done
through retrospective extraction of EHR data to characterize pa-
tient and environmental factors influencing disease occurrence.
Retrospective examination of EHR data for characterization of
type 2 covariates can similarly aid in identifying factors
influencing progression of cancer into the symptomatic stage.
These types of studies can inform the design of prospective
clinical trials assessing the impact of cancer screening and early
intervention on patient outcomes.

In clinical study designs such as single-arm trials, the use of
external control data can potentially support the development
of comparative benchmarks for regulatory decision-making, es-
pecially for serious conditions of high unmet medical need such
as advanced malignancies (25). If preliminary clinical evidence
for an anticancer agent in a single-arm trial suggests a substan-
tial treatment effect (for example, tumor response rates of large
magnitude and duration), evaluating outcomes in similar
groups of patients using RWD may provide a reliable assess-
ment of the safety and effectiveness of available therapies for
comparison. Anticancer therapies under the breakthrough ther-
apy designation program are especially appropriate candidates
for considering alternative trial designs that may allow the use
of real-world-derived external control data as primary or sup-
portive evidence for regulatory decisions (26,27).

Progress in genomic sequencing and computational proteo-
mics is uncovering increasing numbers of rare tumor variants
based on somatic mutations, proteomic signatures, and cell sig-
naling pathway alterations of oncogenic potential (28,29,30,31).
When clinical development goals require delineation of disease
outcomes in these rare subsets, retrospective RWD analyses
may be the most practical way of understanding the prognostic
implications of the biomarkers of interest. Therefore, linking
clinical outcomes in RWD repositories to genomic and proteo-
mic profiles for the prognostication and development of exter-
nal control benchmarks is of critical importance and calls for
increasing capacity in big data analytics for optimal interpreta-
tion of rare and complex signatures defined by the computa-
tional outputs of multiomic pipelines.
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Observational Real-world Studies

In cancer drug development, randomized clinical trials (RCTSs)
are the gold standard for establishing causal relationships and
evaluating the efficacy and safety of new therapies, primarily as
a result of widely implemented procedures governing the
design and conduct of clinical research. Emerging evidence sug-
gests similarities between the results of RCTs and well-
designed observational studies, signaling an opportunity for
building robust methodologies in support of EHR-based obser-
vational research (32,33,34). The results of observational studies
can generate new hypotheses that can be tested in randomized
clinical trials or used as supportive evidence in regulatory deci-
sion-making. Observational real-world studies can accommo-
date assessment of safety and effectiveness of therapies in
patients that are excluded in conventional cancer trials, such as
those with poor performance status, history of prior malignan-
cies, organ dysfunction, or brain metastases. New regulatory
incentives for drug developers for submission of RWD on
patients that are typically excluded in conventional clinical
trials can improve the generalizability of the information on
FDA labels, helping prescribers better tailor their treatment
decisions (35).

Pragmatic Clinical Trials

Prospective real-world studies are similar to pragmatic (also
known as practical) clinical trials (PCTs), clinical studies that are
designed to produce results that uniquely support clinical deci-
sion-making at the point of care (36,37). As the primary instru-
ments for conducting prospective PCTs, EHRs are widely
available conduits into the health care delivery system. The
chain of technological innovations such as structured docu-
mentation and practice management tools in modern EHRs can
power a clinical trial enterprise anchored at the point of care
and digitally connected to patients through emerging techno-
logical solutions such as sensors and mobile applications. With
EHRs supporting the purposeful collection of clinically relevant
data reflecting the true diversity of cancer patients, we can
bring the real-world evidence base to drug development while
driving the focus on improving quality, patient safety, and value
in cancer care delivery (38).

In cancer drug development, PCTs have potential advan-
tages over conventional clinical trials that are typically confined
to specialized centers with adequate resources and economy of
scale to maintain research programs. The low rates of participa-
tion in cancer trials (<5%), especially for minorities, the elderly,
low-income individuals, and those living in rural areas, are clear
indications of the barriers posed by segmentation of clinical re-
search to geographically dispersed sites (39,40,41,42). Indeed,
the recent right-to-try debates do suggest that barriers to gain-
ing convenient access to experimental therapies, rather than
patient preferences, are the prohibitive force behind low partici-
pation in cancer trials (43,44). PCTs allow community oncolo-
gists to assume an active role in clinical research, especially for
late-phase studies where highly controlled experimental condi-
tions for dose finding or drug mechanism explorations are not
needed. PCTs can maintain existing standards in methodologi-
cal, ethical, legal, and regulatory oversight of clinical research
while increasing access to experimental therapies in a safe and
efficient manner. For community oncologists, the incentives
provided by sponsors of PCTs can balance the demands of the
additional time devoted to EHR-based structured data entry.
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Table 2. Potential sources of bias in real-world studies threatening internal validity

Sources of bias Individual

Arising from Patient-provider dynamics and pa-
tient characteristics
Information bias* influencing
accuracy of data collection
(recall, observer/
interviewer, and reporting

Primary type(s)

EHRs

Information bias* due to variations
in EHR interfaces, data entry
procedures, or data retrieval
methods leading to compromis-

Technology System

Trends and influences on the
health care system

Selection bias due to variation in
access to care affecting sampling
frame

bias) ing data quality

Confounding biast due to patient
characteristics and
comorbidities

Compliance biast due to patient
nonadherence to treatment

Selection bias§ arising from selec-
tion of patients using EHR diag-
nostic and therapeutic codes

Confounding biast due to regional
variations in standards of care
or available therapies due to
third-party formularies

“Information bias: erroneous or inaccurate capture of patient variables. EHR = electronic health record.

tConfounding bias: association between treatment and outcome being influenced by the presence of extraneous variables.
f$Compliance bias: variations in patient adherence to planned treatment affecting study outcomes.

§Selection bias: study population not representative of the true distributions in the overall population.

Assessing Threats to Internal Validity of Real-
world Clinical Studies

The existing controls that govern the conduct of clinical re-
search, in particular RCTs, focus on creating ideal conditions
supporting assumptions and operations that reduce bias and
augment the internal validity of the studies in order to mini-
mize alternative explanations of treatment effects. However,
factors such as narrow eligibility criteria and differences be-
tween protocol-specified patient care and routine medical prac-
tice have led to deficits in the external validity of conventional
clinical trials (45,46). A balanced approach based on prospective
collection of RWD can protect against common threats to inter-
nal validity while increasing external validity of clinical re-
search to facilitate evidence-based decisions at the point of care
with greater precision (46,48).

Establishing internal validity requires careful assessment of
the design and conduct of clinical studies. This assessment is
done logically, as opposed to statistically, through detailed ex-
amination of the study design and gauging adherence to the ex-
ecution of study procedures (9). In a typical clinical study report,
the materials and methods section outlines the technical and
methodological components of the study design aimed at pro-
tecting internal validity, while the discussion section draws
conclusions on the potential sources of bias influencing inter-
pretation of the study results (49). For clinical studies intended
to support regulatory decisions, quality in execution of study
procedures is explicitly stated by the study sponsor’s attestation
of adherence to good clinical practice guidelines (50).
Additionally, the FDA’s regulatory review process contains sev-
eral measures directed at validating appropriate conduct of clin-
ical research, including site inspections for source document
verification and random audits on data sets to verify accuracy.
These well-established procedures contribute to the FDA’s logi-
cal framework for evaluating threats to internal validity and
confirming the integrity of clinical research studies. For real-
world studies intended to support regulatory decisions, a simi-
lar thread of information can accommodate a comparable ap-
proach for assessing internal validity and estimating the
influence of extraneous factors on treatment effects. Ensuring
the internal validity of real-world studies, in particular in non-
randomized designs, requires controlling for the sources of bias
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arising from provider-patient dynamics, data collection and
processing techniques, and variations in practice patterns in re-
gional health care systems (Table 2).

Discussion

The conventional clinical trial enterprise leans heavily toward
producing internally valid clinical studies, often at the expense
of compromising external validity. This has resulted in uncer-
tainties in making evidence-based individualized treatment
decisions and excessive reliance on clinical judgment, which
can introduce variations in practice patterns and cancer care
quality. Furthermore, fragmentation of clinical research to geo-
graphically dispersed sites poses a significant barrier to cancer
clinical trial participation, despite growing demands for patient
access to experimental therapies.

Advances in health information technologies and a dramatic
increase in the adoption of EHRs have created new opportuni-
ties for optimizing and streamlining clinical evidence genera-
tion through collection of RWD. Applying the principles that
have shaped the theoretical foundation of biomedical research
to the experimental design of real-world studies can result in an
appropriate balance between the internal and external validity
of clinical research, enabling more individualized treatment
decisions at the point of care. Prospective PCTs conducted at
the point of care are particularly beneficial for increasing pa-
tient participation in clinical research, bringing new efficiencies
to cancer drug development, and improving the evidentiary
standards used for making decisions regarding the safety and
effectiveness of therapies.

The shortfalls of existing EHRs have been widely discussed
because most systems were primarily designed to support bill-
ing and practice management activities as opposed to clinical
research (51,52). Clinically relevant information is often hard to
retrieve, buried deep in unstructured content such as physician
notes and diagnostic reports. Despite these deficits, methods
based on natural language processing and technology-enabled
abstraction are producing reliable EHR data sets for clinical in-
vestigation that can be used today to support evidence genera-
tion (53,54).

As we carve a path toward the use of real-world evidence as
a means of modernizing clinical research and evidence
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generation, more focus should be placed on identifying and
addressing organizational barriers. For example, purely techni-
cal solutions aimed at increasing interoperability among EHRs
are critical for efficient health information exchange, but they
are not sufficient for solving the challenges of data capture at
the point of care or leveraging patient-generated data on mobile
applications and devices. Building a scalable framework for
broadening the use of real-world evidence requires organiza-
tional support driven by appropriate incentives for busy oncolo-
gists to provide clinically relevant data at the point of care and
for patients to benefit from sharing their data generated on digi-
tal health platforms outside of the traditionally defined bound-
aries of the health care system.
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From big data to smart data:
FDA's INFORMED initiative

Recent advances in our understanding

of disease mechanisms have led to the
development of new drugs that are enabling
precision medicine. For example, the
co-development of kinase inhibitors that
target ‘driver mutations’ in metastatic
non-small-cell lung cancer (NSCLC) with
companion diagnostics has led to substantial
improvements in the treatment of some
patients. However, growing evidence suggests
that most patients with metastatic NSCLC and
other advanced cancers may not have tumours
with single driver mutations. Furthermore, the
generation of clinical evidence in genomically
diverse and geographically dispersed groups
of patients using traditional trial designs and
multiple competing therapies is becoming
more costly and challenging.

Strategies aimed at creating new efficiencies
in clinical evidence generation and extending
the benefits of precision medicine to larger
groups of patients are driving a transformation
from a reductionist approach to drug
development (for example, a single drug
targeting a driver mutation and traditional
clinical trials) to a holistic approach (for
example, combination therapies targeting

.
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complex multiomic signatures and real-world
evidence). This transition is largely fuelled by
the rapid expansion in the four dimensions

of biomedical big data, which has created a
need for greater organizational and technical
capabilities (FIC. 1). Appropriate management
and analysis of such data requires specialized
tools and expertise in health information
technology, data science and high-performance
computing. For example, efforts to generate
clinical evidence using real-world data are
being limited by challenges such as capturing
clinically relevant variables from vast volumes
of unstructured content (such as physician
notes) in electronic health records and
organizing various structured data elements
that are primarily designed to support billing
rather than clinical research. So, new standards
and quality-control mechanisms are needed to
ensure the validity of the design and analysis of
studies based on electronic health records.

As a point of convergence for biomedical
data intended to support medical product
approval decisions, the FDA has taken
several steps in recent years to maximize
its capabilities for incorporating big data
into regulatory decision making. Precision
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Figure 1| Conceptual map of technical and organizational capacity for biomedical big data.
Big data can be defined as having four dimensions: volume (data size), variety (data type), veracity
(data noise and uncertainty) and velocity (data flow and processing). Currently, FDA approval
decisions are generally based on data of limited variety, mainly from clinical trials and preclinical
studies (1) that are mostly structured (2), in data sets usually no more than a few gigabytes in size
(3), that are processed intermittently as part of regulatory submissions (4). The expansion of big
datain the four dimensions (grey lines) calls for increasing organizational and technical capacity.
This could transform big data into smart data by enabling a holistic approach to personalization
of therapies that takes patient, disease and environmental characteristics into account.

FDA, a research and development portal
for validating bioinformatics approaches for
processing next-generation sequencing data,
and the Sentinel Initiative, a post-market
safety surveillance programme based on data
from health insurers, are among the examples
(see Further information).

Recently, the FDA’s Office of Hematology
and Oncology Products, in collaboration
with the US Department of Health and
Human Services’ Innovation, Design,
Entrepreneurship and Action (IDEA)
laboratory, launched the Information.
Exchange and Data Transformation
(INFORMED) initiative to build technical
and organizational infrastructure for big
data analytics (see Further information and
Supplementary information S1 (table)). As
a multi-disciplinary effort that draws on the
expertise of a range of clinicians, data scientists
and entrepreneurs-in-residence, INFORMED
has created a new model for collaborative
oncology regulatory science research. The
activities under INFORMED focus on
increasing capabilities for a broad range of data
sets, from clinical trials to electronic health
records and biosensor technologies. The effort
includes a growing portfolio of projects and
research collaborations aimed at improving
interoperability of disparate information
systems, supporting digitization of biomedical
content still residing in analogue formats
(such as paper and PDF files) and testing new
technical frameworks such as blockchain to
facilitate secure exchange of health data at
scale (Nat. Rev. Drug Discov. 15, 670-671;
2016). It is our hope that by contributing to the
advancement of the field of oncology through
robust and collaborative regulatory science, we
can support transformations that are tuned to
the changing needs of cancer patients, together
with innovators in the community.
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FURTHER INFORMATION

Information Exchange and Data Transformation
(INFORMED) initiative: https://www.hhs.gov/idealab/
projects-item/information-exchange-and-data-
transformation-informed-initiative

Precision FDA: https://precision.fda.gov/

Sentinel Initiative: http://www.fda.gov/Safety/
EDAsSentinellnitiative/ucm2007250.htm
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INFORMED: an incubator at the US
FDA for driving innovations in data
science and agile technology

to improve disease outcomes.

Over the past decade, rising health-care costs, the emer-
gence of novel therapeutics and increasingly complex
considerations related to product safety, efficacy and
quality have led health-care providers, patients, payers
and regulators to seek better data to inform their deci-
sions. Although each stakeholder has its own viewpoint,
the common denominator is the need for high-quality,
real-time data that can be rapidly analysed, dissemi-
nated and acted on. We refer to the four V’s of big data
— volume, variety, velocity and veracity — to describe
the rapidly changing characteristics of big data'. The
recent expansion of biomedical big data in these four
dimensions has created unprecedented opportunities for
the application of advanced analytical methods to tradi-
tional and novel data, while posing challenges that call
for the creation of new technical and organizational con-
structs. In this article, we briefly summarize the strategic
development of the INFORMED initiative at the FDA.

Context and development of INFORMED

The understanding of the biology and treatment of cancer
has dramatically changed over the last decade owing to
major scientific advances, which have been translated into
a substantial number of novel anticancer drugs, as well
as diagnostics that enable precision medicine strategies
through the identification of patients most likely to bene-
fit from targeted therapies. The large volume of clinical
trial data accumulated over the years as part of the FDAs
review of marketing applications for approval decisions has
enabled the Office of Hematology and Oncology Products
(OHOP) to conduct important meta-analyses to help the
development of precision medicines, including the explor-
ation of new end points, drug targets and patient enrich-
ment strategies. However, despite the availability of clinical
trial data and the potential impact, these analyses occur
infrequently due to lack of a cost-effective infrastructure
to facilitate uniform mechanisms of aggregating and har-
monizing independent data sets. In addition, biomedical

Sean Khozin'*, Richard Pazdur' and Anand Shah'?

Information Exchange and Data Transformation (INFORMED), a multidisciplinary initiative
anchored in the FDA Oncology Center of Excellence, is a decentralized science and
technology incubator designed to harness the power of big data and advanced analytics

sciences in general are largely siloed into specific disci-
plines rather than multidisciplinary units that can sup-
port understanding of disease and the patient’s experience
based on the totality of intrinsic (for example, ‘omics’ data)
and extrinsic (for example, environmental) variables influ-
encing clinical outcomes. As a result, reductionism has
been a predominant construct, separating the disease from
the individual and breaking down biology into fragments
such as single mutations or genetic variants to predict
complex phenotypes?. Furthermore, multi-omic outputs
and real-world data from sources such as electronic health
records, digital health devices and social media networks
are emerging approaches to streamline development
programmes that have not yet been fully leveraged.

These considerations served as the foundation for
launching INFORMED, a multidisciplinary initiative
anchored in the FDA Oncology Center of Excellence
(OCE), originally starting in OHOP in 2016. To over-
come the limitations of biomedical reductionism,
INFORMED draws on principles of systems theory as a
framework to produce knowledge through capture, har-
monization and analysis of diverse variables that influ-
ence drug development decisions, the patient experience
and health outcomes. By quantifying networks and
interconnected relationships, from the molecular level
(such as systems biology) to the macro scale (such as
market dynamics), systems theory provides a foundation
for identifying important leverage points that cannot be
accessed inside the boundaries of individual disciplinary
units (see Supplementary Figure 1).

In October 2016, the US Cancer Moonshot initiative
task force — set up to address barriers to cancer research
and improve efforts for prevention and early detection of
disease — issued a progress report with a set of recom-
mendations to unleash “the power of data”, supporting
the creation of a shared data economy, creating open
computational and storage platforms, and cultivating a
highly skilled and agile data science workforce. The task
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force proposed leveraging and scaling INFORMED as
an avenue for “developing, deploying, and disseminating
novel technologies and best practices for big data ana-
lytics”. The recommendations of the taskforce, coupled
with the early successes of the initiative and the recent
innovation-driven policy landscape in the US, positioned
INFORMED to expand its focus, serving as an incuba-
tor focused on driving innovations in agile technology
development and advanced analytics.

Given that data availability is essential for operational-
izing advanced analytical and computational approaches,
including machine learning and artificial intelligence,
INFORMED places special emphasis on data sharing
and the creation of new data assets. INFORMED has
organized several data-sharing symposia with Project
Data Sphere (PDS), which have resulted in projects
that include the development of external control arms
using open-access data on the PDS platform’. External
control arms derived from validated data aggregated
from clinical trials and electronic health records can
potentially serve as comparative benchmarks in single-
arm study designs, especially in cases where randomi-
zation is not feasible. INFORMED is also investigating
the utility of blockchain with IBM Watson Health as a
decentralized mechanism for patients to directly share
their data with researchers, regulators, data aggregators
and the drug development community.

As a result of the recent US 21st Century Cures Act
— intended to accelerate the discovery, development,
and delivery of cures and innovative therapies — new
pathways for the qualification of drug development tools
are being established. These tools encompass traditional
and digital biomarkers, algorithms and new clinical
outcome assessment methods that can enhance drug
development and FDA regulatory review processes. In
response, INFORMED is conducting pilots and foun-
dational research to design and validate such tools. This
includes a collaboration with the US National Cancer
Institute to develop new objective methods for measur-
ing pain, quality of life, functional status, and cognitive
function using biometric sensors, computer vision and
voice recognition technologies. Digital biomarkers and
algorithms derived from such efforts can greatly enhance
our understanding of response to treatment, the burden
of disease and treatment-related toxicities as experienced
by individual patients.

Expanding on a recent pilot in which INFORMED
successfully digitized the process of premarket adverse
event reporting to the FDA*, a programme for full imple-
mentation of the framework has been established. The
new framework is an improvement to the existing paper
and PDF-based submission system, reducing the error-
prone inefficiencies of an analogue workflow and creating
new data assets for the detection of important safety sig-
nals in clinical trials. Other projects in the research port-
folio of INFORMED include collaborations with Flatiron
Health and CancerLinQ to investigate characteristics and
clinical outcomes of patients with advanced cancers using
real-world data from electronic health records.

The success of INFORMED has been largely the
result of an entrepreneurial and collaborative model

and the active building of an interactive community of
government, academic, non-profit and industry part-
ners. By developing a deep bench of entrepreneurs and
thought leaders serving as mentors to incubator teams,
INFORMED has created a unique sandbox for net-
working, ideation and sharing of technical and organ-
izational resources, empowering project teams with
the tools needed to succeed in developing novel data
science solutions. INFORMED is currently expanding
educational opportunities for training the next gener-
ation of data scientists. Notable among them is a data
science fellowship programme launched in collaboration
with the National Cancer Institute for qualified radiation
oncologists. A fellowship programme in artificial intelli-
gence and machine learning is also under development.

Looking ahead

The mission of INFORMED is to function as an incu-
bator for collaborative regulatory science research.
INFORMED’s adoption of entrepreneurial strategies
used routinely in the private sector — such as extensive
due diligence of emerging technologies and the regula-
tory landscape, streamlined mechanisms for in-house
idea evaluation and an agile approach to project develop-
ment — are essential ingredients for a fiscally respon-
sible approach to tackling today’s multifactorial public
health challenges. Our current objectives are twofold:
first, to continue to expand and maintain organizational
and technical infrastructure for data science and big
data analytics; and second, to support systems thinking
in oncology regulatory science research, with a focus
on the development and utilization of novel solutions
for improving efficiency, reliability and productivity in
related workflows. Our longer-term goals include the
development of a comprehensive intellectual property
strategy for diversification of the regulatory science
research portfolio, paired with wider-reaching mecha-
nisms for dissemination of the programme’s discoveries
to catalyse innovations that advance the FDA’s mission.
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The Role of Science in Addressing the Opioid Crisis

Nora D. Volkow, M.D., and Francis S. Collins, M.D., Ph.D.

Opioid misuse and addiction is an ongoing and
rapidly evolving public health crisis, requiring
innovative scientific solutions. In response, and
because no existing medication is ideal for every
patient, the National Institutes of Health (NIH)
is joining with private partners to launch an
initiative in three scientific areas: developing
better overdose-reversal and prevention interven-
tions to reduce mortality, saving lives for future
treatment and recovery; finding new, innovative
medications and technologies to treat opioid ad-
diction; and finding safe, effective, nonaddictive
interventions to manage chronic pain. Each of
these areas requires a range of short-, intermedi-
ate-, and long-term research strategies (Fig. 1).

OVERDOSE-REVERSAL INTERVENTIONS

Every day more than 90 Americans die from
opioid overdoses.! Overdoses result from an opi-
oid’s agonist effects at the mu-opioid receptor
(MOR), located on brainstem neurons that con-
trol breathing. The MOR antagonist naloxone can
reverse an overdose, if it is administered shortly
after the overdose occurs. Although naloxone has
saved tens of thousands of lives, overdoses fre-
quently occur when no one else is around, and
often no one arrives in time to administer it.
Overdose fatalities have also been fueled by
the increased availability of very potent synthetic
opioids such as fentanyl and carfentanil (50 and
5000 times as potent as heroin, respectively). Mis-
use of or accidental exposure to these drugs (e.g.,
laced in heroin) is associated with very high
overdose risk, and naloxone doses that could re-
verse prescription-opioid or heroin overdoses may
be ineffective.? New and improved approaches are
needed to prevent, detect, and reverse overdoses.
Through a successful partnership, the National
Institute on Drug Abuse (NIDA) and industry
developed a user-friendly intranasal naloxone
formulation (Narcan Nasal Spray) that results

in blood naloxone levels equivalent to those
achieved with parenteral administration; it was
approved by the Food and Drug Administration
(FDA) in 2015. The NIH will now work with
private partners to develop stronger, longer-acting
formulations of antagonists, including naloxone,
to counteract the very-high-potency synthetic
opioids that are now claiming thousands of lives
each year.

In the intermediate and longer term, alterna-
tive interventions against opioid-induced respira-
tory depression, such as 5-hydroxytryptamine
type 1A (5-HT,,) agonists, ampakines, and phrenic-
nerve-stimulation devices, could protect persons
at particularly high risk for overdose. Research is
also under way to characterize the physiological
signals that can predict an impending overdose,
which would allow wearable devices to detect an
overdose when it is occurring and signal for
help, automatically inject naloxone, or both.

TREATMENTS FOR OPIOID ADDICTION

This partnership will also focus on opioid addic-
tion (the most severe form of opioid use disorder
[OUD]), which is a chronic, relapsing illness.
Abundant research has shown that sustained
treatment over years or even a lifetime is often
necessary to achieve and maintain long-term
recovery. Currently, there are only three medica-
tions approved for treating OUD: methadone,
buprenorphine, and extended-release naltrexone.
These medications coupled with psychosocial
support are the current standard of care for re-
ducing illicit opioid use, relapse risk, and over-
doses, while improving social function.> How-
ever, limited access to providers and programs
can create barriers to treatment.

The NIH has successfully partnered with in-
dustry to help develop new formulations of exist-
ing medications to improve compliance and re-
duce the potential for diversion. To facilitate
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Figure 1. Scientific Strategies for Combating the Opioid Epidemic.

compliance with buprenorphine treatment, NIDA
worked with Titan and Braeburn Pharmaceuticals

formulations may be particularly valuable for
patients in emergency departments after nonfatal

to produce a long-lasting (6-month) implant, Pro-
buphine, which the FDA approved in 2016. Initial
clinical trials testing the safety, efficacy, and
pharmacokinetics of buprenorphine formulations
that deliver therapeutic doses over 1-week or
1-month periods have also been completed; such
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opioid overdoses, to facilitate engagement in long-
term treatment.

There is a clear need to develop new treat-
ment strategies for opioid-use disorders. New
pharmacologic approaches aim to modulate ac-
tivity of the reward circuit through antagonists
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of the neurokinin-1 receptor and counteract the
aversive state of withdrawal through antagonists
of kappa-opioid receptors. The selective 5-HT, -
receptor agonist lorcaserin, an FDA-approved diet
drug, was found to reduce opioid seeking in a
rodent model. NIDA has also helped fund clinical
trials of lofexidine, an «,,-adrenergic-receptor
agonist not currently approved in the United
States. Lofexidine was originally developed as an
antihypertensive drug and is currently used in the
United Kingdom for opioid detoxification, since
it controls withdrawal symptoms (although not
cravings).

Vaccines against prescription opioids, heroin,
and fentanyl, which induce antibodies to opioids
in the bloodstream to keep them from entering
the brain,* have shown great promise in pre-
clinical studies. Similarly, long-lasting mono-
clonal antibodies against very potent synthetic
opioids (e.g., fentanyl and its analogues) have
the potential to prevent overdoses and relapses.

NONADDICTIVE TREATMENTS
FOR CHRONIC PAIN

The third area of focus is chronic pain treatment:
overprescription of opioid medications reflects
in part the limited number of alternative medi-
cations for chronic pain. Thus, we cannot hope
to prevent opioid misuse and overdose without
addressing the treatment needs of people with
moderate-to-severe chronic pain. Though more
cautious opioid prescribing is an important first
step, there is a clear need for safer, more effec-
tive treatments.

One short-term goal is the development of
formulations of opioid analgesics with abuse-
deterrent properties that are more difficult to
manipulate for snorting or injecting, the routes
of administration most frequently associated with
misuse because of their rewarding effects. Such
formulations, however, can still be misused orally
and still lead to addiction. Thus, a more promis-
ing longer-term avenue to advancing pain treat-
ment is developing a new generation of power-
ful, nonaddicting opioid analgesics. Recent x-ray
crystallography studies of the MOR have provided
insight into two separate intracellular signaling
pathways: a pathway originating with the G, pro-
tein is believed to underlie analgesia, while a
separate pathway involving -arrestin is believed
to underlie the rewarding and respiratory-

depressing effects of opioid agonists.” One MOR-
biased agonist (TRV130) has successfully com-
pleted phase 2 clinical testing. If the trials show
that TRV130 is not associated with rewarding
or respiratory effects, it could energize industry
to accelerate development of other MOR-biased
agonists.

Ongoing research is also exploring compounds
that target other opioid receptors. Through the
NIH Blueprint Neurotherapeutics Program, a team
of researchers is working to optimize a recently
discovered series of selective and orally available
kappa-opioid antagonists as nonaddictive medi-
cations for stress-induced pain disorders, such as
headache and fibromyalgia. Antagonists of the
kappa-opioid system are also therapeutic targets
for OUD. Encouraging pharmacokinetic studies
suggest that these compounds have the potential
to be safe and effective drugs for pain, and per-
haps also for opioid addiction.

Compounds that target nonopioid pain path-
ways, such as the endocannabinoid system, are
also being evaluated for chronic pain manage-
ment. There is strong evidence of the efficacy of
cannabinoids, including tetrahydrocannabinol
(THC), in treating pain. Medications that target
the endocannabinoid system without producing
the cognitive impairment and rewarding effects
of marijuana could provide a powerful new tool.
Other targets being investigated include a dopa-
mine D3 antagonist, which was shown to reduce
morphine tolerance and dependence without in-
hibiting analgesia when administered in conjunc-
tion with morphine, making this a potentially
promising approach to enhancing the safety
of existing opioids.® Genetic mutations in the
sodium channel Na 1.7 in humans modulate pain;
loss-of-function mutations result in congenital
insensitivity to pain, and gain-of-function muta-
tions cause pain syndromes. Several Na 1.7 an-
tagonists are being explored as analgesics.”

Therapeutics that antagonize inflammatory
signals involved in pain have led to FDA-approved
treatments for specific pain conditions, such as
tumor necrosis factor inhibitors for rheumatoid
arthritis and monoclonal antibodies to nerve
growth factor for osteoarthritis; researchers are
exploring their value in other pain conditions.
In parallel, clinical trials are testing the efficacy
of antibodies to calcitonin gene-related peptide
for treating migraine.®

Nonpharmacologic approaches including brain-
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stimulation technologies such as high-frequency
repetitive transcranial magnetic stimulation (¢(TMS,
already FDA-approved for depression) have shown
efficacy in multiple chronic pain conditions. At
a more preliminary stage are viral-based gene
therapies and transplantation of progenitor cells
to treat pain.’ NIH researchers are investigating
the use of gene therapy to deliver a potent anti-
inflammatory protein to painful sites. Preclinical
studies show powerful and long-lasting effects
in reducing pain without side effects such as
numbness, sedation, addiction, or tolerance.!
Development of new pain treatments builds
on a foundation of basic research on the complex
pathophysiology of chronic pain and the mecha-
nisms underlying the transition from acute to
chronic pain. The NIH is committed to working
with industry partners to advance basic research
in this area and to identify and validate biomark-
ers for pain and pain relief. Biomarkers can
move the field away from reliance on subjective
pain assessments, and will facilitate medication
development and individualized clinical manage-
ment. Precision-medicine research is expected to
help identify the pain-management interventions
likely to be most effective for specific patients.

PUBLIC—PRIVATE PARTNERSHIPS

Recent NIH-industry partnerships, such as the
Accelerating Medicines Partnership, demonstrate
the power of public—private collaboration in
speeding the development of new medications.
Ending the opioid crisis will require this kind of
collaboration. In April 2017, the NIH began dis-
cussions with pharmaceutical companies to ac-
celerate progress on identifying and developing
new treatments that can end the opioid crisis.
Some advances may occur rapidly, such as im-
proved formulations of existing medications,
opioids with abuse-deterrent properties, longer-
acting overdose-reversal drugs, and repurposing
of treatments approved for other conditions.
Others may take longer, such as MOR-biased
agonists, opioid vaccines, and novel overdose-
reversal medications. For all three areas, our
goal is to cut in half the time typically required
to develop new safe and effective therapeutics.
As we have seen repeatedly in the history of
medicine, science is one of the strongest allies in
resolving public health crises. Ending the opioid
epidemic will not be any different. In the past

N ENGLJ MED 377;4

few decades, we have made remarkable strides
in our understanding of the biologic mechanisms
that underlie pain and addiction. But intensified
and better-coordinated research is needed to
accelerate the development of medications and
technologies to prevent and treat these disorders.
The scope of the tragedy of addiction and over-
dose deaths plaguing our country is daunting.
With our partners, the NIH will take an “all
hands on deck” approach to developing and de-
livering the scientific tools that will help end this
crisis and prevent it from reemerging in the future.
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The Food and Drug Administration and IBM Watson Health are
forming a partnership to investigate potential ways that blockchain
technology can be used in healthcare.

The agency and IBM subsidiary have signed a two-year agreement
that will enable them to jointly explore ways to use the emerging
technology. Initial efforts will focus on oncology-related data.

Proponents of blockchain technology believe it could have wide
applicability in healthcare. It enables the collection of data from a
variety of sources, and keeps an audit trail of transactions, thus
establishing accountability and transparency in the data exchange
process.

Also See: Blockchain pilot to test its use in revenue cycle

The FDA and IBM Watson Health will look at ways blockchain
technology can enable healthcare entities to work together with
more trust. They believe the technology can support the exchange
of “owner-mediated data from several sources,” such as electronic
health records, clinical trials, genomic data and information
gathered from currently untapped information sources, such as
mobile devices, wearable’s and Internet of Thing devices.
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Initial efforts of the partners will focus on how a blockchain
framework can assist public health efforts.

“One aspect of the FDA's role as a regulatory science agency is to
conduct research that informs the development of new tools,
standards, and approaches to assess the safety, efficacy, quality,
and performance of all FDA-regulated products,” said Sean Khozin,
MD, senior medical officer, Office of hematology and oncology
products, Center for Drug Evaluation and Research at the FDA. “By
studying blockchain technology, the FDA is contributing to the
advancement of clinical research by testing novel frameworks for
secure exchange of valuable patient-level health data at scale.”

It's this wider view of patient information that will assist researchers
in improving research initiatives, says Shahram Ebadollahi, vice
president for innovations and chief science officer for IBM Watson
Health.

“One of the issues in research is the availability of a longitudinal
record of patient information that offers a 360 degree view of the
patient,” Ebadollahi says. “There’s been no central place to put the
data. Blockchain offers the opportunity to produce value and
outcomes on the distributed ledger, interoperability, privacy and

security, while putting the patient in the center.
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Shahram Ebadollahi

The initiative will be built on IBM’s work in developing and
advancing blockchain technology, Ebadollahi adds. For example,
IBM is a founding member and key contributor to the Linux
Foundation's Hyperledger project, a key underpinning for
blockchain.

Under the research agreement, the FDA will work directly with IBM
Watson Health. It will leverage the agency’s technical and
organizational resources from its Information Exchange and Data
Transformation (INFORMED) initiative. “That’s an FDA big data
initiative designed to support novel scientific research using large
clinical trial datasets and emerging pipelines of data from sources
such as electronic medical record systems, biometric monitoring
devices and wearable technologies,” Khozin says.

IBM Watson Health and the FDA plan to share initial research
findings by the end of 2017, he adds.

The federal agency sees a variety of potential benefits from
investigating how blockchain could be used in healthcare and
focusing efforts on demonstrating its value in specific use cases,
Khozin adds.

“Vast amounts of patient data are generated in the public health
sector,” he notes. “This data has the potential to help researchers
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develop more effective and safer treatments for patients, especially
in life-threatening disease areas like cancer, which has seen a huge
rise in the use of personalized and targeted therapies for disease
treatment.

“Blockchain technology has the potential to support secure
exchange of large volumes of data while ensuring patient privacy
and maintaining data integrity,” he adds. “These are critical features
of a scalable data exchange ecosystem that can support high-
quality research while safeguarding against breaches of sensitive
patient-level data.”

Also See: ONC picks 15 blockchain ideas as challenge winners

The initiative gives IBM and its Watson Health division an
opportunity to show whether blockchain can live up to the hype
that’s growing around its potential to meet vexing issues in
healthcare IT.

As the promise of blockchain in healthcare becomes clearer, IBM
will work to define and build the technological solution for a scalable
and decentralized data sharing ecosystem, Ebadollahi

“The healthcare industry is undergoing significant changes due to
the vast amounts of disparate data being generated. Blockchain
technology provides a highly secure, decentralized framework for
data sharing that will accelerate innovation throughout the industry,”
he says.

The initial focus on oncology with the FDA make sense because it's
“a domain to test the technology and see how it maps to various
use cases,” he adds. “We’re looking to build a patient-mediated
electronic health data exchange. There’s many reasons for doing
this, chief among them the issue of trust—can you put faith in the
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data you’re looking at. With blockchain, we feel it can be a remedy
for that.

“We're very excited about this, and there’s no better partner for us
than the FDA,” Ebadollahi says. “They know about our knowledge
of blockchain, and this gives us a matter of mutual interest from
which the public can gain benefit.”
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