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Notice of Award
RESEARCH Federal Award Date: 06/19/2019
Department of Health and Human Services
National Institutes of Health

NATIONAL INSTITUTE ON MINORITY HEALTH AND HEALTH DISPARITIES

Grant Number:
FAIN:

Princiial Investiiatoris):
Project Title:

Award e-maie o: IS

Period Of Performance:
Budget Period: 06/19/2019 —01/31/2020
Project Period: 06/19/2019 —01/31/2024

Dear Business Official:

The National Institutes of Health hereby awards a grant in the amount of $726,645 (see “Award

Calculation” in Section | and “Terms and Conditions” in Section I1I) tom
in support of the above referenced project. This award Is pursuant to the

authority o C 241 42 CFR 52 and is subject to the requirements of this statute and

regulation and of other referenced, incorporated or attached terms and conditions.

Acceptance of this award including the “Terms and Conditions” is acknowledged by the grantee
when funds are drawn down or otherwise obtained from the grant payment system.

Each publication, press release, or other document about research supported by an NIH award
must include an acknowledgment of NIH award support and a disclaimer such as “Research
reported in this publication was supported by the National Institute On Minority Health And Health
Disparities of the National Institutes of Health under Award Number m The content
is solely the responsibility of the authors and does not necessarily represent the official views of
the National Institutes of Health.” Prior to issuing a press release concerning the outcome of this
research, please notify the NIH awarding IC in advance to allow for coordination.

Award recipients must promote objectivity in research by establishing standards that provide a
reasonable expectation that the design, conduct and reporting of research funded under NIH
awards will be free from bias resulting from an Investigator’s Financial Conflict of Interest (FCOI),
in accordance with the 2011 revised regulation at 42 CFR Part 50 Subpart F. The Institution
shall submit all FCOI reports to the NIH through the eRA Commons FCOI Module. The regulation
does not apply to Phase | Small Business Innovative Research (SBIR) and Small Business
Technology Transfer (STTR) awards. Consult the NIH website
http://grants.nih.gov/grants/policy/coi/ for a link to the regulation and additional important
information.

If you have any questions about this award, please contact the individual(s) referenced in Section
V.

Sincerely yours,

Page-1
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Priscilla Grant
Grants Management Officer

NATIONAL INSTITUTE ON MINORITY HEALTH AND HEALTH DISPARITIES

Additional information follows
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Award Calculation (U.S. Dollars)

Salaries and Wages $189,386
Fringe Benefits $84,816
Personnel Costs (Subtotal) $274,202
Materials & Supplies $5,933
Travel $7,225
Other $760
Subawards/Consortium/Contractual Costs $207,594
Federal Direct Costs $495.714
Federal F&A Costs $230,931
Approved Budget $726,645
Total Amount of Federal Funds Obligated (Federal Share) $726,645
TOTAL FEDERAL AWARD AMOUNT $726,645
AMOUNT OF THIS ACTION (FEDERAL SHARE) $726,645

SUMMARY TOTALS FOR ALL YEARS

YR THIS AWARD CUMULATIVE TOTALS

1 $726,645 $726,645

2 $655,121 $655,121

3 $643,368 $643,368

4 $651,321 $651,321

5 $648,444 $648,444

Recommended future year total cost support, subject to the availability of funds and satisfactory
progress of the project

Fiscal Information:
CFDA Name:

CFDA Number:

EIN:

Document Number:
PMS Account Type:
Fiscal Year:

Minority Health and Health Disparities Research

IC | CAN 2019 2020 2021 2022 2023
$726,645 $655,121 $643,368 $651.321 $648.444

Recommended future year total cost support, subject to the availability of funds and satisfactory
progress of the project

NIH Administrative Data:

PCC:F / OC: / Released* 06/14/2019
Award Processed: 0 1912:17:3

SECTION Il —- PAYMENT/HOTLINE INFORMATION -_

For payment and HHS Office of Inspector General Hotline information, see the NIH Home Page
at http://grants.nih.gov/grants/policy/awardconditions.htm

SECTION Ill - TERMS AND CONDITIONS -_

This award is based on the application submitted to, and as approved by, NIH on the above-titled
project and is subject to the terms and conditions incorporated either directly or by reference in
the following:

a. The grant program legislation and program regulation cited in this Notice of Award.
b. Conditions on activities and expenditure of funds in other statutory requirements, such as
those included in appropriations acts.
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d. National Policy Requirements and all other requirements described in the NIH Grants
Policy Statement, including addenda in effect as of the beginning date of the budget
period.
e. Federal Award Performance Goals: As required by the periodic report in the RPPR or in
the final progress report when applicable.
f.  This award notice, INCLUDING THE TERMS AND CONDITIONS CITED BELOW.

(See NIH Home Page at http://grants.nih.gov/grants/policy/awardconditions.htm for certain
references cited above.)

Research and Development (R&D): All awards issued by the National Institutes of Health (NIH)
meet the definition of “Research and Development” at 45 CFR Part§ 75.2. As such, auditees
should identify NIH awards as part of the R&D cluster on the Schedule of Expenditures of Federal
Awards (SEFA). The auditor should test NIH awards for compliance as instructed in Part V,
Clusters of Programs. NIH recognizes that some awards may have another classification for
purposes of indirect costs. The auditor is not required to report the disconnect (i.e., the award is
classified as R&D for Federal Audit Requirement purposes but non-research for indirect cost rate
purposes), unless the auditee is charging indirect costs at a rate other than the rate(s) specified in
the award document(s).

An unobligated balance may be carried over into the next budget period without Grants
Management Officer prior approval.

This grant is subject to Streamlined Noncompeting Award Procedures (SNAP).

This award is subject to the requirements of 2 CFR Part 25 for institutions to receive a Dun &
Bradstreet Universal Numbering System (DUNS) number and maintain an active registration in
the System for Award Management (SAM). Should a consortium/subaward be issued under this
award, a DUNS requirement must be included. See
http://grants.nih.gov/grants/policy/awardconditions.htm for the full NIH award term implementing
this requirement and other additional information.

This award has been assigned the Federal Award Identification Number (FAIN)H
Recipients must document the assigned FAIN on each consortium/subaward issued under this

award.

Based on the project period start date of this project, this award is likely subject to the
Transparency Act subaward and executive compensation reporting requirement of 2 CFR Part
170. There are conditions that may exclude this award; see
http://grants.nih.gov/grants/policy/awardconditions.htm for additional award applicability
information.

In accordance with P.L. 110-161, compliance with the NIH Public Access Policy is now
mandatory. For more information, see NOT-OD-08-033 and the Public Access website:
http://publicaccess.nih.gov/.

In accordance with the regulatory requirements provided at 45 CFR 75.113 and Appendix XII to
45 CFR Part 75, recipients that have currently active Federal grants, cooperative agreements,
and procurement contracts with cumulative total value greater than $10,000,000 must report and
maintain information in the System for Award Management (SAM) about civil, criminal, and
administrative proceedings in connection with the award or performance of a Federal award that
reached final disposition within the most recent five-year period. The recipient must also make
semiannual disclosures regarding such proceedings. Proceedings information will be made
publicly available in the designated integrity and performance system (currently the Federal
Awardee Performance and Integrity Information System (FAPIIS)). Full reporting requirements
and procedures are found in Appendix Xll to 45 CFR Part 75. This term does not apply to NIH
fellowships.
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Additional Costs

secTion v - [ -

Clinical Trial Indicator: No
This award does not support any NIH-defined Clinical Trials. See the NIH Grants Policy Statement
Section 1.2 for NIH definition of Clinical Trial.

INFORMATION: In accordance with the National Institute on Minority Health and Health
Disparities’ (NIMHD’s) Fiscal Year (FY) 2019 funding policies, this award has been issued at 85%
of the adjusted requested level. Future year committed levels* have been adjusted accordingly.

** committed level: The level of support calculated by applying the NIMHD funding plan to the
corrected recommended level for each budget category for all years of the project period.

REQUIREMENT: This award is subject to the conditions set forth in PAR-18-484, NIH Research
Project Grant (Parent RO1 Clinical Trial Not Allowed), NIH Guide to Grants and Contracts,
12/06/2017, which is hereby incorporated by reference as special terms and conditions of this
award.

Copies of this RFA may be accessed at the following internet
address: http://www.nih.gov/grants/guide/index.html

Copies may also be obtained from the Grants Management Contact indicated in the terms of
award

REQUIREMENT: Use of humans and animals in any new activities must be requested prior to the
start of the activity and must be approved in writing in advance by the NIMHD. See NOT-MD-08-
002, “Guidance and Clarification on NCMHD Policy on Prior Approval for Subprojects and Pilot
Projects Involving Human Subjects or Vertebrate Animals,” NIH Guide to Grants and Contracts,
April 29, 2008, which is hereby incorporated by reference as special terms and conditions of this
award. See also NOT-OD-15-129, “Prior NIH Approval of Human Subjects Research in Active
Awards Initially Submitted without Definitive Plans for Human Subjects Involvement (Delayed
Onset Awards): Updated Notice,” and NIH-OD-15-128, “Guidance on Changes That Involve
Human Subjects in Active Awards and That Will Require Prior NIH Approval: Updated Notice.”

Copies of these Notices may be accessed at the following internet
address: http://www.nih.gov/grants/guide/index.html

Copies may also be obtained from the Grants Management Contact indicated in the terms of
award.

RESTRICTION: Stipends and payments made for educational assistance (e.g., scholarships,
fellowships, and student aid costs) may not be paid from NIH research grant funds even when
they would appear to benefit the research project (NIH GPS Section 7.9.1). Compensation must
be in accordance with organizational policies consistently applied to both federally and non-
federally supported activities and must be supported by acceptable accounting records that
reflect the employer-employee relationship. Under these conditions, the funds provided as
compensation for services rendered are not considered stipend supplementation; they are
allowable charges to Federal grants, including PHS research grants. (A stipend is a payment
made to an individual under a fellowship or training grant in accordance with pre-established
levels to provide for the individual’s living expenses during the period of training. A stipend is not
considered compensation for the services expected of an employee.) See the NIH Grants Policy
Statement for allowable forms of student compensation, available at
http://grants.nih.gov/grants/policy/nihgps/nihgps.pdf

RESTRICTION: In addition to the PI, the following individuals are named as key personnel:
Page-5
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Written prior approval is required if any of the individual(s) named above withdraws from the
project entirely, is absent from the project during any continuous period of 3 months or more, or
reduces time devoted to the project by 25 percent or more from the level that was approved at the
time of award.

INFORMATION: In order to redistribute awards more evenly throughout the year, budget periods
are being adjusted. This award is issued with a 7.4-month budget period and with 12 months of
support. Continuation awards will cycle each year on February 1st.

INFORMATION: Although the budget period start date for this award is June 19th, this award
includes funds for 12 months of support. Future year budget periods will cycle on February

1st. Allowable preaward costs may be charged to this award, in accordance with the conditions
outlined in the NIH Grants Policy Statement, and with institutional requirements for prior
approval. The NIH GPS can be found on the internet at
http://grants.nih.gov/grants/policy/nihgps/nihgps.pdf.

INFORMATION: See the Certificate of Confidentiality policy at
https://humansubjects.nih.gov/coc/major-changes. This policy protects against the involuntary
release of personally identified research information of a sensitive nature sought through any
federal, state, or local civil, criminal, administrative, legislative, or other proceedings.

INFORMATION: This award reflects the NIMHD’s acceptance of the certification that all key
personnel have completed education on the protection of human subjects, in accordance with
NIH policy, “Required Education in the Protection of Human Research Participants,” as
announced in the June 5, 2000 NIH Guide (revised August 25, 2000)
(http://grants.nih.gov/grants/guide/notice-files/NOT-OD-00-039.html).

Any individual involved in the design and conduct of the study that is not included in the
certification must satisfy this requirement prior to participating in the project. Failure to comply can
result in the suspension and/or termination of this award, withholding of support of the
continuation award, audit disallowances, and/or other appropriate action.

INFORMATION: See "Federalwide Assurance Requirements” and “Certification of IRB Approval’
under the Human Subjects Protections section in the NIH Grants Policy Statement (NIHGPS), for
specific requirements and recipient responsibilities related to the protection of human subjects,
which are applicable to and are a term and condition of this award. The NIHGPS can found on
the internet at http://grants.nih.gov/grants/policy/nihgps/nihgps.pdf.

INFORMATION: Funds awarded for direct cost compensation for Graduate Research Assistants
are limited in accordance with the NIH policy.

INFORMATION: None of the funds in this award shall be used to pay the salary of an individual
at a rate in excess of the current salary cap. See the new Salary Limitations on Grants:
https://grants.nih.gov/grants/guide/notice-files/INOT-OD-19-099.html

INFORMATION: Unobligated balances may be used by the NIMHD to reduce or offset funding for
a subsequent budget period.

INFORMATION: Regarding changes in scope, attention is called to the NIH Grants Policy
Statement. The Change in Scope section is found in Section 8.1.2 at
http://grants.nih.gov/grants/policy/nihgps/nihgps.pdf. The recipient must obtain prior approval
from the NIMHD for a change in the direction, aims, objectives, purposes, or type of research or
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Caigiedl ttber biE8 ThBEMstitDDE gigreiittaBBeBadnge Filkbd ApptRB¢dProjeeagpetBaof 164

examples are provided.

INFORMATION: Regarding allowability of selected items of cost, attention is called to the NIH
Grants Policy Statement. The Selected Items of Cost section is found in Section 7.9.1 at
http://grants.nih.gov/grants/policy/nihgps/nihgps.pdf.

INFORMATION: Honoraria are unallowable when the primary intent is to confer distinction on, or
to symbolize respect, esteem, or admiration for, the recipient of the honorarium. A payment for
services rendered, such as a speaker’s fee under a conference grant, is allowable. See Section
7.9.1 at http://grants.nih.gov/grants/policy/nihgps/nihgps. pdf.

INFORMATION: This award includes funds awarded for consortium activity. Consortia are to be
established and administered as described in the NIH Grants Policy Statement (NIH GPS). The
referenced section of the NIH GPS is available

at: http://grants.nih.gov/grants/policy/nihgps/nihgps.pdf. See "Consortium Agreements" in Section
15 for specific responsibilities and requirements for recipients and consortium participants, which
are applicable to and are a term and condition of this award.

INFORMATION: For administrative and management concerns, contact the Grants Management
Specialist, Sy L. Shackleford, at (301) 451-8542. For programmatic and scientific concerns,
contact the Program Director, Dr. Nancy Lynne Jones, at (301) 594-8945.

STAFF CONTACTS

The Grants Management Specialist is responsible for the negotiation, award and administration of
this project and for interpretation of Grants Administration policies and provisions. The Program
Official is responsible for the scientific, programmatic and technical aspects of this project. These
individuals work together in overall project administration. Prior approval requests (signed by an
Authorized Organizational Representative) should be submitted in writing to the Grants
Management Specialist. Requests may be made via e-mail.

Grants Management Specialist: Sy Shackleford
Email: shacklefords@mail.nih.gov Phone: 301-402-1366

Program Official: Nancy Lynne Jones

Email: jonesna@mail.nih.gov Phone: 301-594-8945

SPREADSHEET SUMMARY

GRANT NUVBER: [
wsTiTuTIon

Budget Year 1 Year 2 Year 3 Year 4 Year 5
Salaries and Wages $189,386 | $181,328 | $176,239 | $206,169 | $215,395
Fringe Benefits $84,816 | $81,208 | $78,928 | $92,333 | $96,465
Personnel Costs (Subtotal) $274,202 | $262,536 | $255,167 | $298,502 | $311,860
Materials & Supplies $5,933 $816 $816

Travel $7,225 $7,225 $7,225 $7,225 $7,225
Other $760 $14,736 | $14,736

Subawards/Consortium/Contractual $207,594 | $200,047 | $200,047 | $155,552 | $127,302
Costs

Publication Costs $5,100 $7,650

TOTAL FEDERAL DC $495,714 | $485,360 | $477,991 | $466,379 | $454,037
TOTAL FEDERAL F&A $230,931 | $169,761 | $165,377 | $184,942 | $194,407
TOTAL COST $726,645 | $655,121 | $643,368 | $651,321 | $648,444
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Facilities and Administrative Costs Year 1 Year 2 Year 3 Year 4 Year 5
F&A Cost Rate 1 59.5% 59.5% 59.5% 59.5% 59.5%
F&A Cost Base 1 $388,120 | $285,313 | $277,944 | $310,827 | $326,735
F&A Costs 1 $230,931 | $169,761 | $165,377 | $184,942 | $194,407
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To the American People,

As the United States’ biomedical research agency, the National Institutes of Health (NIH) has
been the driving force behind many decades of advances that have improved health of people in
every corner of America and the worlthe vast majority of NIH’s funds go to support scientists

at universities, research institutions, and small businesses in all 50 states, with their many
discoveries serving to fuel the U.S. biomedical industry and keep our Nation globally
competitive.

Yet, much remains to be done. The coming years are certain to pose new challenges for human
health and offer new opportunities for scientific exploration. NIH will address this rapidly
changing landscape by pursuing, with greater vigor than ever, our mission of seeking
fundamental knowledge about the nature and behavior of living systems and applying that
knowledge to enhance health, lengthen life, and reduce iliness and disability.

In this research strategic plan for Fiscal ¥¥&2016-2020, prepared at the request of Congress

we share a framework that places NIH’s enduring mission in the context of tomorrow’s
challenges and opportunities. Working with our many partners in the public and private sectors,
NIH will use this framework as we strive to turn scientific discoveries into better health, while
upholding our responsibility to be wise stewards of the resources provided to us by the American
people.

This research strategic plan is designed to harmonize decision making across the Agency. It will
complement, but not replace, the strategic plans of the individual Institutes, Centers, and
Program Officesbecause these organizations have then strategic plans that align with their
Congressionally mandated missions. Moreover, the plan is not meant to catalogue all of the
many things NIH has done or will do in the future. Rather, we have selected examples to provide
the reader with clearlistrations of the points being made.

Your support of NIH’s mission is vital to our success. Every dollar that our Nation invests in
NIH is an investment in options for a healthier, more productive life for you—and for future
generations.

With sincere apmciation,

Francis S. Collins, M.D., Ph.D.
Director, National Institutes of Health
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NIH-Wide Strategic Plan Framework

Overview

* Mission of NIH

* Unigue moment of opportunity in biomedical research

* Current NIH-supported research landscape

* Constraints confronting the community in the face of lost purchasing power

Advance Opportunities in Biomedical Research

"« Foundation for progress

Fundamental Science

* Consequences often unpredictable
» Technology leaps catalyze advances
» Data science increases impact/efficiency

Health Promotion/Disease

Prevention
* Importance of studying healthy individuals
* Advances in early diagnosis/detection
* Evidence-based reduction of health disparities

Treatments/Cures
* Opportunities based on molecular knowledge
* Breakdown of traditional disease boundaries
* Breakthroughs need partnerships, often come
from unexpected directions
* Advances in clinical methods stimulate progress

Set Priorities
* Incorporate disease burden as important, but not
sole factor
* Foster scientific opportunity; remain nimble
* Advance opportunities presented by rare diseases
* Consider value of permanently eradicating a
pandemic risk

Enhance Stewardship
* Recruit/retain outstanding research workforce
* Enhance workforce diversity
* Encourage innovation
* Optimize approaches to inform funding decisions
* Enhance impact through partnerships
* Ensure rigor and reproducibility
* Reduce administrative burden

Excel as a Federal Science Agency by Managing for Results

NIH-Wide Strategic Plan
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OVERVIEW

TheNational Institutes of Health(NIH)is the United States’ premier agency for
biomedical research, which spans the broad spectrum of basic, translational, clinical,
behavioral and social sciences research dealing with many aspects of biology and almost
every human diseasand disability.

Begun in 1887 as a omeom laboratory on Staten Island, NY, the agency was officially
designated “NIH” by Congress in 1930. Since then, NIH has grown to be the world’s largest
source of medical research funding, and the driving force behind decades of adaaices
have expanded fundamental scientific knowledge and improved health.

To date, 148 NIH-supportedsearcherdave received Nobel Prizésr their
groundbreaking achievements. These, along with otherfNiidedresearch advances, are
behind manyof the gains that our nation has enjoyed in public health.

Biomedical Research’s Impact on U.S. Health

U.S. Life Expectancy Accomplishments

B0 ¢ = .

Cardiovascular disease death rates have
fallen > 70% in the last 60 years

73 A
76

&= Cancer death rates now falling 1-2% per year;

72 4 each 1% drop saves ~$500 billion

70
HIV therapies enable people in their 20s

68 1 : 2
to live a full life span

66 -

Ababy born in theJnited States today can expect to live to nearly age-@Bout three
decades longer than one born in 1900. Spobgresss made possible by NIH’s support of
many diffeent types of research focused on a wide range of diseases@mditions.

Health improvement$ueled by NIFfunded research includegnificant declines in th&.S.
death rates fromheartdisease, strokejiabetes, and cancer, as well as the transformation
of HIV/AIDS from a swiftly fatal disease to a manageable, chronic condition with-a near
normal life expectancy.

NIHWide Strategic Plan 3
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Mission andGoals

NIH’s mission is to seek fundantal knowledge about the nature and behavior of living
systems and to apply that knowledge to enhance health, lengthen lifefexhete illness
and disability.

To carry out this mission, NIH’s goals are: to foster fundamental creative discoveries,
innovatve research strategies, and their applications as a basis for ultimately protecting

and improving health; to develop, maintain, and renew scientific human and physical
resources that will ensure the nation’s capability to prevent disease; to expand the
knowledge base in medical science and associated sciences in order to enhance the nation’s
economic well-being and ensure a continued high return on the public investment in
research; and to exemplify and promote the highest level of scientific integribtigou
accountability, and social responsibility in the conduct of science.

Organization

NIH is an operating division of the Department of Health and Human SefMiE&S),
responsible for helping the Department realizedtsategic goal of advancing scientific
knowledge and innovatian

To accomplish this, NIH consistafInstitutes and Centers (ICalong with Program

Offices, which collectively are referred to as ICOs. These ICOmtanvgual strateqgic plans

and specific research agendas, which are aligned with the legislative mandates that are
often related to specific diseases or body systems. To support these missions, most of NIH’s
ICOs receive a specific appropriation fr@wongress, and support research and research
training through extramural funding awarded to universities, academic health centers, and
other research institutions. Most also conduct research and research training in their own
intramural laboratories, the majority of which are located on the NIH’s main campus in
Bethesda, MD.

In Fiscal Year (FY) 2014, NIH reviewed more than 51,000 research project grant (RPG)
applications and awarded approximately 10,000 newt aompeting RPGs
institutions/organizatios to support specific projectgerformed by designated

investigators in areas representing their research interests and competencies. The average
duration of an NIH grant award is about 4 years; funding the out years of ayealtaward

is predicated on submission of an acceptable annual progress report. The total number of
active grants in FY 2014 was more than 47,000.

NIHWide Strategic Plan 4
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Long-range regulatory elements

(enhancers, repressors/
silencers, insulators)

Common Fund: Epigenomics Example. The Epigenomicsg
Program is among 29 innovative areas of research suppd
by the NIH Common Fund. The epigenome consists of
chemical compounds that modify promoters and other
regulatory elements within DNA in ways that switch gene

modifications can affect health. The image above lists
technologies used to study the epigenomeark thathas

Extramural NIH currently devotes
approximately 84% of its budget to
grants and contracts supporting more
than 300,000 members of the
research workforce, including 35,000
principal investigators, in the
extramural biomedical and
behavioral/social sciences research
communities. NIH funds researchers
at all career stages who are located at
many kinds of institutions,

rt"(ﬂganizations, and small businesses in
all 50 states.

3

off and on, without altering the DNA sequence itself. Such Decisions about NIH grant awards are

informed by a highly competitive, two-
stage peeitreview processhat

driven an explosion of new therapies, particularly for canger

involves initial evaluation by more

than 18,000 reviewers from the scientific comnity, and second-level review by members
of the ICO’s national advisory councils, who take into account of the ICO’s research program

priorities. Ultimately, I© Directas are responsibl

e for approving funding.

Because a broad research portfolio is critical for carrying out NIH’s mission, the agency’s
portfolio of grants and contracts covers the full range of biomedical, behavioral, and social
scienceseasearch, from basic to appliech &ddition to research supported by individual

ICOs, the NIH Common Fyndthin the NIH Office of the Director, funds crasgting,

trans-NIH scientific programs that are high impact, tramsfative, and managed against
defined milestones. This fund, which currently supports 29 innovative programs, acts as a
“venture capital” space, providing the NIH Director with a strategic and nimble approach to

address key roadblocks in biomedical research

and capitalize on emerging opportunities.

NIHWide Strategic Plan
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Intramural. Approximately 11% of Nisbudget supports about 7,000 researchers at NIH

intramuralresearch facilities. Scientiststhe NIH Intramural Research Program include
approximatelyl,000principal investigatorsl,500 staff clinicians and staff scientisiad

4 500 trainees.

The Intramural Research Program facilitates hilghact science in a variety of important

Helping People With Undiagnosed Disease&n
estimated 25 million to 30 million Americans suffer from
rare disorders that can be very difficult to diagnose.
Building on the success of thdH Clinical Center’s
Undiagnosed Diseases Progra¥H has establishea
nationwideUndiagnosed Diseases Netwdokpromote use
of genomic data in déase diagnosis and enlist the help

basic researchers in elucidating disease mechanisms in

order thatreatments can be developed.

ways. For example, the program serves
as a test bed for unique approaches to
difficult research challenges, with the
resulting solutions often being adopted
by the extramuralscientific community.

The program is also home to tihéH
Clinical Centerthe world’s largest
hospital dedicated to clinicaésearch.
Among the manyvays in which the
Clinical Center promotes translational
research is its ability to link patient care
directly to basic research discoveries,
and its pioneeing programs for the

¢ study of undiagnosed diseases aade

diseases and conditions.

NIHWide Strategic Plan
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Our nation and the world stand
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at a unigue momenof
opportunityin biomedical e
research. Understanding of basi
biological mechanisms is growin
exponentially, generating vast
troves ofdata and propelling
biomedicine into the “Big Data”
sphere. Incredible technological
advancesincluding innovations
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Thousands of Dollars

10 4

Sequencing Cost per Genome

Moore's Law

in DNA sequencing, imaging, Sooyryy -
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bioinformatics, and high
throughput screening of
potential therapies, are also
driving discoveryFueled by
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Sequencing Advancedg-ueled by technological innovations arising
from the NIHled Human Genome Project, the cost of sequencing a
humansized genome has fafl@ramatically since 2001. Also
shown are hypothetal data reflecting Moore’Law, which
accounts for longerm trendsn computer hardware and is
these advances, our approach td considered a benchmark for technological success.
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biomedical researchaschanged in revolutionary new wagtsat span scientific disciplines
andtake a far more crossutting, integrative view of biology and human health.
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Disorders with Known Molecular Basis
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For example, in recent years,
more costeffective DNA
sequencing technologies have
opened the door to studying the
molecular causes of disease,
with exciting implications for
expanding fundamental
understanding, accelerating
therapeutic development, and
improving diseasgrevention
and health promotionMuch can

biological mechanismisivolved

in health and disease by using genomic technologies to ideguifgs that influence the risk
of developinga wide range o€onditions, both rare and common.
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b Clearly, NIH needs to capitalize upon
NIH Research Purchasing Power this moment of extraordinary

FY 2003-2015 . .
opportunity to continue—and to

a4 accelerate—s efforts to realize its
vision of turning scientific
el i b, discoveries into improved health.
% = Yet the agency faces a variety of
constraints and challenges.
i — NIH.Wide Budget
B RN s o For example, NIH funding has not
o keptpace with inflation, and the
* Fa s =gty A0 v agercy has lost approximately 22%
NIH Grant Application Success Rates of its research purchasing power
Sl At since 2003. This has resulted in a
i situation in which many innovative

30%

researchideas cannot be funded;

NIHcurrently funds aboutl in6
grant applications, compared to its

historical funding rate of 1 in 3.

25%

20% -

15%

10% -

g Astrengthened and sustained
= ;&%;@;{;%;ﬂ;@w;&;;;%’Qé,édc:' 1 s T commitment to NIH-supported
researchis critical because delays in
scientific progress can have a dire
impact on the health of individuglnd the communities in which they live, as well as our
nation’s overalpublichealth and wellbeing. Investments in Niésearch also make a strong
positive contribution to thdJ.S. economy, playing an essential ialeur nation’s ability to
retain its worldleadingbiomedical workforce antb remain competitivein an increasingly
global business environment. Without predictable fundimgs becoming increasingiyiore
difficult to attract muchneeded new talent to the U.8iomedical research workforce,
particularly physiciatscientists who have other stable and satisfying career options.

NIHWide Strategic Plan 8
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NIH'S STRATEGY

To establish a framework for carrying out its mission and optimize return on public investment,
NIH’s strategy will focus on four essential, interdependent objectives. These objectives are:
advance opportunities in biomedical research, foster innovation by setting NIH priorities,
enhance scientific stewardship, and excel as a federal science agency by managing for results.

Objective 1: Advance Opportunities in Biomedical Research

Over the next 5 years, NIH will capitalize upon a broad range of cross-cutting opportunities to
move biomedical research forward in three highly important, interdependent areas:
exploration of fundamental science, discovery of treatments and cures, and advancement of
health promotion and disease prevention. These activities will be catalyzed by new approaches,
strongly supported by NIH, that are aimed at speeding discovery across the biomedical research
enterprise. This includes efforts to promote increased data sharing, to enhance the ability of
scientists to pursue interdisciplinary studies, and to enable new types of partnerships.

NIH encourages and, in many cases, collaborates with researchers from both the private and
public sectors, including other HHS divisions, science agencies, philanthropic foundations,
academia, and industry, to advance its mission of improving human health. Among the federal
science agencies that NIH often coordinates and works closely with are the Centers for Disease
Control and Prevention (CDC), the Food and Drug Administration (FDA), the Agency for
Healthcare Research and Quality (AHRQ), the HHS Office of the Assistant Secretary for
Preparedness and Response (ASPR), the National Science Foundation (NSF), the Department of
Energy (DOE), and the Defense Advanced Research Projects Agency (DARPA).

NIH-Wide Strategic Plan 9
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NIH’s Frequent Federal Partners

U.S. Department of Health
and Human Services

Mission

Select Collaborations with NIH

AHR®

Agency for Healthcare
Research and Quality

Produces evidence to make health care safer,
higher quality. more accessible, equitable,
affordable. Partners with others to ensure
such evidence is understood and used.

U.S. Preventive Services Task Force

(USPSTF)

Prevention

Works to protect Americans from health,
safety, security threats. Conducts science and
provides health information to protect
against such threats.

SEARCH for Diabetes in Youth

Centers for Medicare and
Medicaid Services

Administers Medicare. Medicaid, the
Children’s Health Insurance Program
(CHIP), and parts of the Affordable Care Act
(ACA).

Data sharing between CMS and
NCTI’s SEER (Surveillance,
Epidemiology. and End Results)
Program, NIDDK’s U.S. Renal Data
System, and NHLBI’s Research
Cohorts

DA

Food and Drug Administration

Protects public health by ensuring safety,
efficacy, and security of drugs, biological
products, medical devices, food, cosmetics,
and radiation-emitting products. Helps speed
innovations to make medical products safer.
more affordable, and effective.

Accelerating Medicines Partnership®

<HRSA

Health Resources and Services
Administration

Works to improve health and achieve equity
through access to quality services, a skilled
health workforce, and innovative programs.

Maternal and Child Health Research
Network Programs

&
'6493 : 1%‘-’"'
Indian Health Service

Raises the physical. mental. social, and
spiritual health of American Indians and
Alaska Natives to the highest level.

Native American Research Center for
Health (NARCH). (also with AHRQ,
HRSA)

ASPR

ASSISTANT SECRETARY FOR
EPAREDNESS AND RESPONSE

Office of the Assistant

Leads the country in preparing for,
responding to, and recovering from the
adverse health effects of emergencies and
disasters by supporting our communities’
ability to withstand adversity, strengthening
our health and response systems, and
enhancing national health security.

Public Health Emergency Medical
Countermeasures Enterprise
(PHEMCE), (also with CDC. FDA.
VA. DoD, USDA. Homeland
Security. USDA)

Secretary for Preparedness and
Response
Substance Abuse and Mental
Health Services Administration

Reduces the impact of substance abuse and
mental illness on America’s communities.

Patient-Reported OQutcomes
Measurement Information System®
(PROMIS®), (also with CDC, CMS,
FDA)

NIH-Wide Strategic Plan
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NIH’s Frequent Federal Partners

Select Collaborations with NIH

Department of Defense

Provides the military forces needed to deter
war and to protect the security of our

country.

Federal Interagency Traumatic Brain
Injury Research (FITBIR) database,
(also with VA)

Defense Advanced Research

Makes pivotal investments in breakthrough
technologies for national security.

Tissue Chip for Drug Screening,
(also with FDA)

Project Agency

Ensures America’s security and prosperity
by addressing its energy, environmental, and
nuclear challenges through transformative
science and technology solutions.

Structural biology with linear
accelerator beam lines

Department of
Veterans Affairs

Fulfills President Lincoln’s promise “to care
for him who shall have borne the battle, and
for his widow, and his orphan.” by serving
and honoring the men and women who are
America’s Veterans.

Interagency Pain Research

Coordinating Committee (IPRCC).
(also with AHRQ, CDC, DoD, FDA)

Protects human health and the environment.

Toxicology Testing in the 21st
Century (Tox21), (also with FDA)

s
National Science Foundation

Promotes the progress of science to advance
the national health, prosperity, and welfare;

to secure the national defense, and for other
purposes.

BRAIN Initiative®. (also with
DARPA)

USDA

——
N

Department of Agriculture

Provides leadership on food, agriculture,
natural resources, rural development,
nutrition, and related issues based on sound
public policy, the best available science, and
effective management.

National Collaborative on Childhood
Obesity Research

NIH-Wide Strategic Plan

11




Case 1:25-cv-10787-BEM  Document 38-28  Filed 04/25/25 Page 34 of 164

Fundamental Science

To achieve its mission, NIH must support the many types of fundamental Bcierguiry that
are so essentialo the progress of biomedicine. Fundamental science inclbdeg biological
researchthat generates the knowledge of how living systems work at the molecular, cellular,
and organismal level.

Such knowledge the foundation for translational and clinical studies that, over time, can lead
to major medical advances. Because the private biopharmaceutical $aottg only a limited
amount of basic resear¢iNIHsupported research serves as the world’s leading source of
foundational knowledge of relevance to both the public and private sectors of biomedicine.

History shows that major biomedical advances frequently spring from unexpected sources. As
anyone familiar with the story of penicillin’s discovery knows, it is impossible to predict exactly
what a basic researcher may uncover and what positive health benefits may eventually arise
from such fundamental discoveries.

Furthermore, no one can foresee what threads of foundatidmalwledge will be woven

together to produce a new breakthrough, which could open up entirely new fields or pave the
way for new technology that will enable researchers to tackle questions once beyond the reach
of biomedical science. Most of the examplé@ed in this section are those in which a basic
science discovery has led to a significant clinical advaaoeadvance that could not have been
foreseen at the time of the original basic resear©ime dramatic example is the story of how
fundamental advances in cell biology led to development of a class of drugs widely used to
lower the risk of cardiovascular disease. In the early 1970sstdported basic researchers
Joseph Goldstein and Michael Brown
studied families with very high

cholesterd levelsand discovered that

cells have lowdensity lipoprotein (LDL)
receptors that remove cholesterol from

the blood. That Nobel Priaginning

work, coupled with the NIHunded
Framingham Heart Stutblandmark 1961
finding that high blood cholesterol is a
major cardiovascular disease risk factor,
set the stage for the first cholesterol
lowering statin drug in 1987.

Credit: University o exas Southestern Medical School at Dallas
Cholesterol PioneersThebasic science discoverie$

Michael Brown and Joseph Goldstein paved the way fof Likewise, NIHunded basic research was
development of statin drugs for lowering cholesterol. . .
instrumental in the development of

NIHWide Strategic Plan 12
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zidovudine (AZT), the first asetroviral
drug approved for treatinghe human
immunodeficiency virusHV)/acquired
immunedeficiency syndrome (AIRS he
drug wasdeveloped in the early 1960s to
treat cancer, but failed to show efficacy.
It faded from view until 1985~vhen

others thought of using AZT as an AIDS
drug because ats ability to inhibit
reversetranscriptase, aenzyme that HIV
usesto replicate. Reverse transcriptase
wasdiscovered byasic virology research
severalyears beforeAIDS was identifok

In 1975 NIH grantees David Baltimore
and Howard Temin sharedNobel Prize
in Physiology or Medicine for that war

S NIH
Green Fluorescen Protein (GFP). Researchers are using
transgenic zebrafish engineered to express GFP to studgly
vascularspecific genes. This tool can be used to visualize
blood vessels in living fish, improving understanding of
vascular growth in cancer and other diseafep: adult
transgenic fish. Bottom: cloagps of fin (left) and scales
(middle, right), showing vasculapecific fluorescence

Basic innovation is also essential for the advancement of fundamental science because new
technologies and methods can open whole new areas of scientific inquiry. In a tale of discovery
spanning more than three decades and
culminating in the 2008 Nobel Be in
Chemistry, NIH grantees Martin Chalfie,
Osamu Shimomura, and Roger Tsien
discovered a green fluorescent protein
(GFP) in jellyfish and went on to develop
GFP into a key tool for observing
biological processes that were previously
invisibleto researters

More recently, researchers have
developed evolutionary customizable,
geneediting tools such as CRISRR&9.

Credit: Bang Wong/Broad Institute of Harvard and MIT
GeneEditing Technologies. Crysal structure of the new
CRISPRLas9 system, which enables DNA to be edited
with unprecedented precision. Researchers use RNA
guides called CRISPRs (red) to stder €as9 genrediting
enzyme (lightblue) to aspecific site on a DNA strand
(yellow) that they wish to modify. New ouse models of
disease and nexfeneration antibiotics are among the
thingsthis customizable system is being used to create.

These technologies are enabling efforts
to study genes in specific, gated ways,
often in real time.

On the other hand, new scientific
challenges can inspire the creation of
new technologies. Compelling recent

NIHWide Strategic Plan
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Credit: Laboratory of Neuro Imaging and Martinos Center for
Biomedical Imaging/Massachusetts General Hospital

The Human Connectome ProjectWiring

diagram of a healthy human bmgiroduced by
tracking the movement of water molecules throug
nervefibers by diffusion tensor magnetic resonan
imaging. This is an example of work being done

yh
C
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examples of this innovative force in action
include NIH’'s Human Connectome Projaat!
the multiagencyBrain Research through
Advancing Innovative Neurotechnologies®
(BRAIN) Initiativein which NIH plays a
leadership roleWith more than 100 billion cells
and 100 trillion connections, theuman brain
remains one of sciencefsog daunting
frontiersandone of medicine’s greatest
challenges. To revolutionizenderstanding of
how the brain enables the body to record,
process, utilize, store, and retrieve vast
guantities of infomation, BRAIN is supporting
development ofentirely new technologies,

oincluding some wittthe potential to benefit

hymany other areas of biomedical research, such

the Human Connectome Project.

as singlecell analysis methods.

Engineerscomputer scientists, nanotechnologists, physicians, and neuroscientibtsse/
these and other leadingdge technologies to work together to achieve BRAIN’s goal of

measuring reatime cognition, emotion,

perception, and behavior at the scale of
complexneural networks in living
organisms—all at the speed of thoughA
bold plan for the BRAIN initiatiyve
extending over a 1/ear period, was
recently put forward by an expert working
group of neuroscientists, and serves as th
current blueprint for this project.
Ultimately, the foundation of
understanding developed by the BRAIN
Initiative®will help reveal the underlying

pathology in a vast array of brain disorder{ |

and provide new therapgtic avenues to
treat, cure, and prevent neurological and
psychiatric conditions, such as Alzheimer’
disease, autism, schizophrenia, depressiqg
epilepsy, and addiction.

Drop-seq single cell analysis

Cells o

Distinetly
barcoded
beads

—l

27 **

1000s of DMNA-barcoded single-cell transcriptomes

-t

*
X

Credit: McCarroll Lab/Harvard Medical School

Single-Cell Analysis. New microfluidic technology,
including this approach callddrop-seq, now makes it
possible to analyztihe gene activity of thousands of
individual cells separately
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Indeed,the impact of technologies
inspired by a specific discovedyiven
initiative can extend far beyond the life o
the initiative, catalyzing avenues of basic
research never imagined at the outset.
For example, the goal of sequencingth
human genome yieldethe technologies
now drivingmany diverse “omic” areas of
basic research. That includes
microbiomics, in which nexdeneration
DNA sequencing is being used to explor
the complex communities of microbes

New Tools for Structural Biology. Cryeelectron
microscopy (cryeEM) imageshowing the structure of a
metabolic enzyme called begalactosidase in neatomic
detail. This imaging technology provides a new path for|
solving molecular puzzles that may revolutionize many

that live on and in the human body and

areas of biomedical research and drug development.

how they inteact with human cells to
influence health and disease.

Other frontiers in fundamental science include: molecular immunology, which is using RNA seq
and other transcriptome analysis tools to characterize in unprecedented detail how immune
cell repertoires vary in health and disease; structural biology, whichdergoing a major leap
forward in defining threedimensional submicroscopic structures because of the development

of cryoelectron microscopy (cry&M); and cell biology, which is benefiting from novel
approaches to light microscopy that have pushed resolution below the diffraction limit. In
addition, the development of innovative “tissuand orgamron-a-chip” systems is helping to

bridge the gap between fundamental and translational science, providing new models of

New Tools for Cell Biology.Superresolution imagig of
fibroblasts, one of #h most common cells imammalian

to test the power of a net@chnique called sictured
illumination microscopy (SIM). Clearly visible in this
image are the cell's nuclear DNAlue), mitochondria
(green) and cellular skeleton (red).

connective tissue. Scientists used these mouse fibrobla

complex pathology for understanding
badc mechanisms of disease.

Fundamental science also includes basic
behavioral and social science research
that generates knowledge of how living
systems interact with and are influenced
by experiences at the individual, family,
social, organizational, and environmental
levels. NIFsupported research on the
neurobiological and learning mechanisms

stof goaldirected versus habitual behaviors

provide important insights on how
unhealthy habitual behaviors can be
brought under greater control and how

NIHWide Strategic Plan
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behavior chage can be maintained. The study of stress responses and stress resilience offers
potential approaches to help individuals better adapt to negative life events. Understanding
decisionmaking processes, especially under various emotional and cognitive, siigesheds

new light on how medical decisions, both by provider and patient, are made and can be
improved. NIHsupported basic behavioral and social science research serves as the foundation
for the development of innovative approaches to improve health via changes in behavior and
the environment.

Data sciencalso holds tremendous potential, not only for enhancing the efficiency of the
conduct of science, but also for increasing the impact of fundameaighse, along with many
other areas of biomedical research. To this end, NIH will serve as a focal point for catalyzing this
historic research opportunity, continuing to leverage its roles as an influential convener and
major funding agency to encourageprid, open sharing of data and greater harmonization of
scientific efforts. NIH will also maintain and expand its support of research aimed at addressing
new computational challenges in accessing, managing, analyzing, integrating, and mining the
huge amounts of data, often referred to as “Big Data,” being generated by biomedical
scientists. One hope is that advances in bioinformatics and computational biology will lead to
basic researchers conducting more experiments via computer simulaticii¢g, with the

ensuing results being used to generate and test novel hypotheses that will be rapidly shared
with the broad research community.

From FY 2028020, NIH will support a broad, balanced portfolio of basic research across a wide
range of scientific disciplines, a portfolio that will be complemented by vigorous support of
innovations in technology and data science. By maintaining and strengthening its already
impressive foundation of fundamental science, biomedical research will be poised to identify
and capitalize upon potential opportunities for revolutionary breakthroughs with the potential
for preventing, treating, and curing disease.

Treatments and Cures

To achieve its mission, NIH is strongly committed to supporting the process of turning advances
in fundamental scientific knowledge into treatments and cures. When integrated with existing
knowledge about cells, systepand organisms, insights generated by this innovative work will
provide a new conceptual framework for therapeutic development that is based on a deeper
understanding of biological systems and how, depending upon context, these complex
mechanisms interact to influence health and disease.

This process begins with basic research discoveries in biology, disease, or behavior that serve to
further understanding of the basis of a disease and to identify potential therapeutic targets. Cell
or tissue samples, animal models, and/or computer simulations are then used to design and
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test candidate approaches for diagnostics, devices, treatments, and/or cures. If the candidate
approaches prove to be safe and effective in this-gmeical testing, the experimental

treatments and/or cures are then moved into human clinical trials, where they are tested for
safety and efficacy. It must be emphasized that advances in these areas are closely
interconnected and often do not progress in a linear manner. In fact, sometimes the process
even circles back on itself in a “virtuous cycle,” with applied research informing new ideas in
basic research.

The randomizedrial is the gold standard by which clinical researchers determine the safety
and/or effectiveness of interventions that are thought to have potential to improve human
health. NIH, which currently devotes approximately 10% of its budget to supportingklinic
trials, has a distinguished history of funding landmark trials that have ladiutiole spectrum of
interventions. Such interventions have included coronary bypass surgery, treatments for breast
cancer, lifestyle improvements to prevent diabetes, apptacfor lowering blood pressure,
screening methods for lung cancer, hormone replacement therapy in postmenopausal women,
and antiretroviral drugs in people with, or at high risk for, HIV infection. In recent ybHks
developed an increasing interest in fostering approaches to enhance the speed and efficiency
with which trials are conducted, as well as to learn more about the role of “pragmatic trials,”
which are trials of direct interest to patients and clinicians.

Traditionally, diseases have been ragghed and treated within an orgamased framework,

e.g., diseases of the heart, the eye, the gastrointestinal tract, and so forth. Today, thanks to
fundamental research, researchers have learned that many apparently different diseases have
commonalities at the molecular level. These molecular similarities have led us to think in new
ways about the roots of disease and open the door to identifying therapies that work across
different organ systems and disease states. These shifts in thinking have praigulichiions

for the future of scientific research and, ultimately, for the future of medicine. Tools and
technologies that offer opportunities to screen rapidly for similarities among seemingly
disparate diseases, as well as seemingly disparate druggrareling opportunities to

repurpose existing drugs for use in conditions other than those for which they were originally
developed. For example, thanks to an innovative pyllicate partnership, an experimental

drug originally developed to fight cancer is now being testedifoheimer’s disease (AD) in
human clinical trialsThe compound, called saracatinib, is particularly exciting because it acts
through a different mechanism than other AD experimental therapies.

As important as this new emphasis on crogagting molecular mechanisms may be, there

remains much that can be learned by studying the rare or unique. Especially for rare diseases
caused by mutations in a single gene, the identification of a specific molecular defect through
DNA sequencing can point directly to possible treatment strategies. Still, even in such cases, the
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road from discovery to treatment may be long, as evidenced by the two decades between
discovery of the gentor cystic fibrosis (CF) and FDA approval of the first drug that directly
affects a Cleausing molecular defect. For more common disorders, finding rare individuals
carrying a genetic protective factor can provide critical clues to new therapeutic strategies. For
example, a search for genes involved in cholesterol metabolism turned up a few healthy
individuals with a rare gene variant that leads to very low levels of cholesterol and a very low
incidence of cardiovascular disease. Further studies showedjémie variant reduces

production of a protein called PCSK9, setting off a race among pharmaceutical firms to develop
a new class of drugs that lower cholesterol by blocking this protein. Many experts think there
are more such drug targets out there waiting to be discovered through molecular
characterization and stratification of common diseases and disease risk factors; NIH is
assembling the right research teams and resources to find such targets.

Progresgsoward treatment and cures is certainly not limited to higfiroughput screening and
DNA sequencing. Consider the exangfleancer immunotherapynlthe early 1970s, basic
research, spearheadken large part by NHfLindedscientists, led to the developme of

methods to splice fragments of DNA together, giving birth to the field of biotechnology. When
merged with fundamental advances in molecular immunology,d&ioftechnologiesmade it
possibleto begin pursuing ideas for cancer immunotheragy radi@l new approach that

involves enlisting a patient’s own immune system in the fight against cancer. In one promising
strategy, T cells are collected fropstients and engineeretb produce speciaurface proteins
called chimeric antigen receptorshs wak hasalready saved the lives of children with acute

Autologous Blood
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Collection Infusion of T Cells

Activation
Expansion
Gene Delivery

Formulation

Credit: Carl June/University of Pennsylvania

called chimeric antigen receptor (CAR) therapypines
genetically engineering a keart of the immune system
(T cells) to recognize specific proteins, or antigens, on
tumor cells and attack them.

Cancer Immunotherapy. The approach illustrated above,

lymphoblastic leukemia and adults with
chronic lymphocytic leukemia and
refractory multiple myeloma.

Like the previous examples of statin and
HIV drugs, it must be emphasized that
cancer immunotherapywes its success
to decades of NIHunded fundamental
science. In fact, a receahalysiof a
cancer immunotherapy approach
pioneered by NIH grantee James Allison,
who is a2015 Lasker Award winner,
documented the contributions of 7,067
scientists ovemore than a centuy, with
manyworking onbasic research witho
clearconnection to cancer.
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Scientific innovation is also centralttoe
guest to find newways of combating the
growing threat of antibiotieesistant
bacteria, which each year infect more
than 2 million Americanand kill at least
23,000. For example, an ingenious
microfluidic system that can trap and sor
single cells has enhanced effortsrtone
one of nature’s richest sources of

»

potential antibiotics: dirt. Certain > ‘ p
. . .o . A A :
microorganisms that naturally live in soil | Credit: Slava Epstein/Northeastern University

produce antibiotielike compounds that
are highly toxic to other microbes. Thank

uncovered a new class of antibiotic drug

Digging for New Antibiotics. Innovative micofluidic

chip system being used to search dirt for new sowfces
antibiotics. Besides discovering a powerful newlaaotic
to their improved ability to “dig through | called teixolactin, researchers haisolated more than 25

dirt,” NIHfunded researchers recently potential new drugs, including an antincer agent and a
compound thatargetstuberculosiscausing bacteria

with the power not onlyto kill a wide range of infectienausing bacteria, but to kill them in a

way that may reduce the problem of antibiotic resistance.

Discovery of potential therapeutic targetand candidate therapies aessential first steps in
the development of new treatments and cures, but they are famfithe only steps. The
transition of scientific discoveries umanclinical trials has become increasingbstly and

Pre-Clinical Clinical Trials FDA Clinic
Review

Drug Discovery
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=
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The Translational Timeline. Developmentf a new therapeutic is a long,
costly, and risky endeavor. Currently, a novel drug, device, or other medica
intervention takes about 14 years and $2 billion to develip,a failure rate
exceedina 95%.

time consuming, witla
great number of
candidate therapies
failing to cross what has
been dubbed the
“Valley of Death
NIHfundedresearch

will play an increasingly
important role in
identifying hurdles in
this processas well as
generatingapproaches
for accelerating the
development and
testing of potential
treatments and cures.

NIHWide Strategic Plan

19



Case 1:25-cv-10787-BEM  Document 38-28

Pain in the U.S.
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suffer from daily pain
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Also, as part of its effort to push research
beyond a strictly orgaiased view of health
and disease, NIH will encourage efforts to
study the interactions of various diseasedd
conditions The aim is to gain a better
understanding of the cumulative and
synergistic impacts that multiple chronic
conditions and comorbidities can exert upon
the human body, thereby informing efforts to
develop therapeutic and preventive
approaches fothesecomplex challenges.
Among he many comorbidities inged of
additionalresearch is pain. On behalf of HHS,

NIH has established the Interagency Pain Research Coordinating Commmftiele has

generated aNational Pain Strateggnd facilitated collaborationamed at advancing
fundamental understanding of pain and improvingmprelated treatment

To speed the movement of discoveries from the lab to the clinic, NIFsdhaccelerate and
expand upon its efforts to encwagedevelopment of more precise, inddualized ways of

managing and preventing disease. Known collectiv
asprecision medicingthese emerging approaches fo
preventing, diagnosing, and treatirdjsease take into
account individual variability in genes, environrhen
and lifestyle While individualized, molecularly base
strategies are in usér some conditions, including
cancer HIV/AIDS, and hepatitis @pre researh is
needed to realizerecision medicine’s promider all
conditions Among thefrontiers in this area is
pharma®ogenomics, which studid®ow an individual's
genetic makeup (or the genetmakeup of a tumor)
affects responséo drugs. Theyoal of such research is
to enable healtheare providers to prescribe the right
drug at the right dose at the right time for each
patient. Oneexampe of pharmacogenomids the
National Cancer Institute (NENJolecular Analysis for
Therapy Choice (N®IATCH) clinical triawhich will
build afoundation for the oncologgomponent of the
multi-agencyPrecsion Medicine Initiative@Ml) in
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which NIH has a lead rolm this trial, involving up to 3,000 patients with different types of
advanced solid tumors and lymphomas, researchers will analyze a patient’s tumor for
“actionable”genetic abnormalities andsethat information to select molecularly targeted
drug(s) mat likely to work for that particular patient.
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Gene Therapy for Hereditary Hearing Loss. Gene therapy delivered to the
hearing structure in the inner ear (cochlea) may restore hearing by overcoming
structural and functional deficits in sensory hair cells and their stereocilia that
arise from inherited genetic mutations. Nédpported researchers are currently
testing this approach in animal models of hereditary hearing loss.

Other innovative approaches with precise therapeutic potential include gene therapies,
including approaches aimed at cortieg vision and hearing losseltbased therapies; and

gene editing systems. In a recent praffeoncept study, NIHunded researchers paired the

latter two technologies to develop a potential cure for siatédl disease, a painful, life

threatening disorder caused by mutations in the beta globin gene. To accomplish this, the
researchers generated induced pluripotent stem cells (iPSCs) derived from the white blood cells
of people with stkle cell disease; udeCRISPR/Cagene editing to replace the mutant gene;

and then converted the iPSCs into normal red blood cells. If the technology proves safe and
effective in additional prelinical and clinical tests, gemerrected red blood cells could be
generated fom individuals with sickle cell disease and used for transfusions, reducing need for
donor blood and providing hope for an eventual cure.

Along with advances in basic and translational research, advances in clinical research are
essential to NIH's effort® catalyze the development of treatments and cures. To move clinical
science forward, NIH will seek to foster and reward innovations in the design, execution, and
management of clinical studies.
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One of the primary ways in which NIH will
Iy . encourage innovation in the clinical
; " . : : ¢ | research enterprise is through its support
i e Wi S of the Clinical and Translational Soge
. & N 'L“'.' "l 85 Awards progranwhich is a national

: —t— 3 = network of institutions engaged in

’ . P bty developing and testing new approaches for
clinical research and training. To promote
P the effective research use of clinical data,
- | NIH will engage in efforts to create and
NIH's Clinical and Translational Science Awards(CTSA®) | implementhealth data standards in
electronic health records and health
information exchange systems. The agency will also back the development of alternative clinical
trial designs that permit flexibility, while maintaining the utmost priority of patient safeti. NI
will also work closely with its sister HHS agenaresudingFDA AHRQ, and CD1®, improve
clinical research methodologies in a variety of important areas, such as identifying new
approaches focombating antibiotieresistant bacteriandtimely reporting of clinical trial
results These and other steps will increase the rate at which clinesaglarch findings inform
current areas of scientific inquiry and stimulate entirely new avenues for biomedical research,
which could in turn spark ideas for further treatment and prevention strategies.

Q’
L

Despite the many exciting scientific opportunities for speeding the development of treatments
and cures, significant challenges remain. Over the next 5 years, NIH will support research aimed
at addressing a wide range of obstacles that lie at various ptimoughout the therapeutic
development process. NIH will strive to forge new connections across research disciplines to
advance understanding of molecular mechanisms and discovery of treatments and cures for a
wide range of illnesses. Systetmased andnterdisciplinary approaches are vital to making
progress towardreatments tailored to individual patients. To improve the efficiency,

relevance, and accuracy of preclinical research, NIH will catalyze powerful innovations,
including molecule crossoupling methods that will open a vast new frontier of “chemical

space” and human 3D organoid technologies that will be better than animal models. Through
its National Center for Advancing Translational Sciences, NIH will continue to support efforts to
transformand accelerate the translational process, using science to find new ways to bridge the
gaps and get more treatments to more patients more quickly. NIH will also work to speed and
streamline clinical trials by encouraging the use of molecular knowledgsgdotthe

individuals most likely to respond to experimental therapies, and promoting respect for
research volunteers though steps such as the updatinge€ommon Rule protdionsfor

human subjects research
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Health Promotion and Disease Prevention

Along with basic

rgsearch and resgarch Safe 8|eep Safe Sleep
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biology, behavior ST e “'g

environment,and healthrelated policiesAmong the manydvances in this areare
identification and assessment of risk and protective factors; screening and identifica@bn of
risk individualsgroups (e.g., human papillomairus testing for cervical cancer screening)
development and evaluation of rigkeduction strategés and translation, implementatiorgnd
dissemination of preventivaterventions (e.g.,Sudden Infant Death Syndronsampaign,

While NIH supports its own distinct and robust researchfpéd, it collaborates with CDC,
AHRQ), the Health Resources and Services Administration (HRSA), and other HHS agencies
involved in complementary activities related to
health promotion and disease prevention, including
efforts in dissemination and implementation.
Recent collaboration between CDC and NIH on
surveillance and initiation of clinical trials of
candidate vaccines against Ebuviaus disease in
West Africa is one noteworthy examplakewise,
NIH in collaboration with other HHS agenciiss,
Ebola VaccineResearch TheU.S. ’and playing a key role ithe implementation and

Liberian governments are partneringth dissemination ofhe HHS Secretary’s new mdlti

several pharmaceutical firms and other pronged, evidencdased initiativeo combat the
organiations to test effectiveness of several use of opioid drugs

vaccine candidates.
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Environmental influences on
Child Health Outcomes (ECHO)

Focus Areas

= Upper and lower airway

= Obesity

= Pre-, peri-, and post-natal outcomes
= Neurodevelopment

This NIH-funded initiative will bring together multiple
existing research cohorts to investigate environmental and
genetic influences on pediatric health. Data collection will
include demographics, descriptors of early health and
development. genetic background, a broad range of
environmental factors. and other outcomes reported by
patients and caregivers. A significant additional element
will be an IDeA States Pediatric Clinical Trials Network.

Over the next 5 years, NIH’s health
promotion and disease prevention efforts
will place particular emphasis on research
in several key areas: studying healthy
individuals across the lifespan; applying
technological advances in early detection,
diagnosis, and prevention; and utilizing
evidence-based interventions to reduce
health disparities.

NIH will promote research on healthy
development and aging, as well as on
understanding disease susceptibility and

prevention across the life span. A lifetime

of benefits will result from efforts to establish healthy behaviors early in life and to identify and

prevent the mechanistic antecedents to chronic conditions that begin during pre-, peri-, or

post-natal periods of development. One example of this is NIH’s new Environmental influences

on Child Health Outcomes (ECHO) initiative. To understand how things can go wrong in the

human body, it is essential to understand how things work when everything goes right. For

example, studies of normal embryonic
development have informed efforts to
understand, prevent, and treat birth
defects caused by genetic and a broad
range of environmental factors.

In another example of research aimed at
health promotion and disease prevention,
NIH will expand efforts to track the
composition of microbial communities
over the course of an individual’s life.
Such action is motivated, in part, by the
explosion in understanding of the role
played by the microflora in the
development of the immune system.

To make similar advances in other areas,
NIH will continue to support research into
the basic mechanisms of development
and aging in healthy individuals. This will

Microbiomics. The NTH Human Microbiome Project is
analyzing trillions of bacteria, fungi. viruses. and other microbes
that live in and on the human body. Microbial communities vary
among individuals, making many beneficial contributions to
health and influencing susceptibility to a wide range of
conditions, including gut disorders, cancer, allergies, and
autoimmune diseases.
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include intensifying studies of “resilieneethat is, to understanavhy some individuals’ lmbes
age more slowland/or are better able to resist disease risks posed by particular genetic,
lifestyle, and/or environmental factors. NIH will alsowe to develop tools teenhance
measurement of physical, social and environmental exposuresebhssvto assess thmpacts
of such exposures on development, health, and longeintaddition, NI-funded research will
explore why people makenhealthy or risky choices, generatimgluable information for
devisingrisk reduction and/or early interventiostrategies.

The Precision Medicine Initiative® Cohort

= Will enroll 1 million or mare U.S.
volunteers

*  Will represent the nation’s rich
diversity

*  Will build the knowledge base
needed to advance precision
medicine

*  Will engage participants and
protect privacy at every step

Technological innovations will also be instrumental for research aimed at making advances in
the early detection, diagnosis, and prevention of disease. At the forefront of this effort will be
the NIHled PMI cohort Taking advantage of emerging biomedical tools and technologies, such
as availability of electronic health records, DNA sequencing, and exposure monitoring, PMI's
longitudinal research cohort of 1 million or more U.S. volunteersesiiblish a base of

scientific knowledge that can be used to develop prevention and screening strategies tailored
to individuals at the most opportune times across the course of their lives.

PMI will also take advantage of the latest methods and appresah data science, including
advances in largscale databases, computational tools, anchics methodologies to

characterize individuals. In addition, PMI will offer researchers the ability to test whether
mobile technologies are useful in adapting pretree strategies to individuals’ needs and
preferences, enhancing delivery of interventions, and improving monitoring of compliance and
outcomes.PMI will_pioneer efforts to merge, integrate, and analyze deden a wide variety of
sources with implications for prevention, including basic biological data, health status
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Objective 2: Foster Innovation by Setting NIH Priorities

In order for NIH to achieve its mission, it must serve as an effective and efficient steward of
public resources. To advance these effasver the next 5 years, NIH will focus intensely on
prioritization. The process aktting NIH’s research priorities must balance the opportunities
presented by the best science, public health needs, and the unique ability of NIH to address
challenges in human health that would otherwise go unmet. These priorities, which will require
NIH’s constant review and adjustment, must be flexible and based on the best science of the
moment; formulas and fixed percentages are inconsistent with NIH’s efforts to carry out its
mission in an effective and efficient manner that is driven scientifically

NIH has long relied upon a multifaceted approach for funding decisions that involves peer
review by scientific experts to determine scientific merit of a research proposal, review for
program priority by a second set of scientific experts and thought leaders from the lay public
serving on ICO national advisory councils, individual ICO strategic plans, and, ultirhately, t
scientific expertise of ICO Directors, infornmmdtheir staff.NIH will continue and strengthen its
commitment to a transparent, eslencebased procss that encompasses theaetion-oriented
principles: enhance the nimbleness needed to meet public health needs and capitalize upon
scientific opportunity, using new portfolio analysis tools; incorporate burden of disease as an
important, but not sole, factor; take advantage of opportunities presented by rare diseases to
advance research; and consider the value of permanently eradicating a disease.

Going forward, NIH will take
additional steps to enhance the
transparency of its decision
processhy making public a
standard metic for funding each
year.NIH will also harmonize
approaches to decision makiiy
ensuringlCOs set theiindividual
paylines—the funding cutoff point
for grant applications based &by

upon peerreviewscores—o

Enhancing Transparency of Decision Making. NIHwill provide maximum flexibility for
encourage each of its ICOs to make public a standard metric each

year that includes clear information about its funding thresfoold use of theselect my optlo.n. Select
grant appliations. Above is axample fo FY 2014 showing the | Pay refers tdfunds set aside to
NIH-wide funding threshold for Research Project Grants (R01),| support grant applications that

which is the agency’s most common type of grant. based upon scores fropeer

review, do not fd within the payline, but that fill an important research gap and/or are of
particularprogrammaticrelevance to an ICO’s scientific and health priorities. Final decisions on
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the use of select pay are made by the NIH ICO Directors following discussions with their
Advisory Councils and appropriate ICO staff.

Enhance Nimbleness. NIH and all of its ICOs will nurture the nimbleness necessary to shift
resources in response to unexpected scientific breakthroughs, to capitalize on scientific
opportunities on the horizon, and to address emerging public health needs. Advancing human
health requires taking advantage of scientific opportunities as they arise. It is important to
recognize that different scientific fields mature at different rates, and the same amount of
funding in two fields can lead to very different scientific returns.

To help inform theséecisions, NIH wiéxplore the strengths and weakness of different types
of grant programs, along with other funding mechanistagdentify optimal approaches.
Among the nimble approaches currently at Nltisposal are Other Transaction Authority,
which enables support of highisk, milestonedriven research supported through the NIH
Common Fund and various ICOs; 4aatk reviewof Small Business Innovation Researod
Small Business Technology Transfer asardwhich Phase | and Phasgréint applications are
reviewed togetherreducingfunding gaps between phases; and various scientific challenge
prizes, which include competitions to encogeadevelopment of novehethods foranalyzing
individual cellspoint-of-care diagnostics faxntibiotic-resistant infectionsandnew products or
services to harness the power Big Datao improve health Of course, it requires more than
investment to drive biomedical progresscientific opportunities also need to be present. To
enhance surveillance of the scientific landscape, NIH will utilize a network of internal and

Examples of NIH Portfolio Analysis Grant application content can be used to monitor overlap in research
areas relevant to more than one NIH Institute/Center. Each dot above represents an R01 grant application; dot
proximity is proportional to relatednedseft image shows relatively high deee of overlap betweereas

considered for funding by the National Heart, Lung, and Blood Institute (NHLBI) and National Institute of
Diabetes, Digestive, and Kidney Diseases (NIDDK), which focus on diseases with many biological synergies.
Right image shows less overlap\weenareas considered for funding by the National Institute of Allergy ang
Infectious Diseases (NIAID) and National Cancer Institute (NCI), which focus on diseases with fewer biological
synergies. Such analyses help to ensure NIH imesss avoid overlaps and maximize synergies.
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external expertise, and will continue to develop, improve, and use new tools for portfolio
analysis to identify scientific opportunities, higkerforming areas of research, and areas of
potential overlap among ICOs. To further empower its ability to monitor highly active or
emergent areas of public health concern and scientific opportunity, NIH will train staff in the
effective analysis of social media trends and other nontraditional sources of information.

A recent example of how NIH’s rapidly pessive flexibility has served to address an urgent
public health crisis is its pivotal role in the development and accelerated clinical testing of a
vaccine against the deadBbola virusLikewise, NIH’s nimbleness in the face of unexpected
scientific breakiroughs has enabled it to takdeadershiprole in theBRAIN Initiativ® which

has the ambitious goal of producing the first dynamic picture of the human brain, showing how
individual cells and complex circuits interact in both time and space.

Consider Burden of Diseasehd relative burden that various diseases place upon human
health and wellbeing will serve as a crucial, but not the only, consideration in aligning NIH’s
research priorities with public health needs. To this end, NIH will work with its many partners,
includingCDC, to strengthen the collection of high quality, comparable data on the burden of
disease and will integrate analyses of such data into its priority setting process.

It must be emphasized that there currently are multiple types and sourcésease burden

data, and these data vary depending on whether researchers measure death or disability, direct
or indirect economic costs, and domestic or global populations. Howewgeg of these

measures incorporates the cost of conducting basic reseavhich is essential for finding
interventions. Another important variable is the degree to which subjective judgments factor
into the process, making it extremely difficult to compare all diseases and conditions with a

Disability Adjusted Life Years Compared to NIH Spending Understanding the burden of disease is a vital
consideration fosetting NIH’s research funding priorities. These graphs show how NIHZ0R9 funding levels
for a variety of diseases and conditions (RCDC) related to U.S. and global disadjilisyed life years (DALYs)}
a measure that quantifies the number of hgalars of life lost due to morbidity or premature mortality caused py
disease. Such data can help NIH monitor the public health landscape for unmet needs and emerging challepges.
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single measurement. Additional cate regarding the use of current disease burden datasets
to establish research priorities include the lack of patidatived assessments and inconsistent
accounting of the burden on caregivers. Finally, it is imperative to keep in mind that current
burdenof disease does not necessarily predict future burden of disease.

Advance Research Opportunities Presented by Rare Diseases. If NIH had used burden of
disease as the sole determinant for setting its priorities over the past century, rare disease
research in all likelihood, would have been seriously neglected. While any given rare disease
affects a relatively low number of people, such conditions represent a significant health
problem when they are considered together, affecting some 25 million Americans collectively.

In recent years, FDA approvals‘ofphan drugsto treat diseases and disorders affecting fewer
than 200,000 people in the United States have been increasing. However, effective treatments
are lacking for many rare diseases, constituting an important public health need that NIH
research still needs to address. Besides helping individuals affected by rare diseases, such
research can provide insights that spill over into other, more common diseases and greatly
enhance understanding of healthy physiology. For example, studies of the molecular
mechanisms involved in a very rare premature aging condition called progeria have revealed
valuable insights into the normal aging process

NIH is uniquely situated to tackle the challenges, as well as capitalize on the opportunities,
presented by rare diseases over the next 5 yearsotrrast to the typical situation in private
industry, public funding enables researchers to pursue scientific questions, such as those posed
by rare diseases, on the basis of opportunity, not just perceived market value.

Consider the Value of PermanentBradicating a Diseas@chieving the complete cure or
eradication of any disease is one of the ultimate goals of medical research. While each year
brings NIHfunded science closer to improved treatments for any number of diseases and
conditions, the abity to completely remove the threat of a single disease from the face of the
Earth is a rare opportunity. Just think of the monumental effort it took to eradicate smallpox
and how, even after decades of intense vaccination campaigns, the world is jusinbe o
verge of eliminating polio.

Biomedical research stands at another such pivotal moment tatl@ywery real possibility of
entirely eliminating HIV/AID®ecades of robust investment in HIV/AIDS research has resulted
in extraordinary improvement in the health of infected individuals, and NIH now plans to
support the best science to eliminate HIV/AIDS as a public health threat domestically and
globally. While the traditional, nestatutory 10% set aside for HIV/AIDS research, overseen by
the Office of AIDS Research, was an appropriate response to the crisis more than two decades
ago, NIH no longer sees the value in this forrdrigen approach. That does ntean taking
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Objective 3: Enhance Scientific Stewardship

To achieve its mission and maintain its role as the world’s premier biomedical research agency,
NIH must support the best scientific ideas and brightest scientific minds while, at the same
time, earning and maintaining public trust. NIH’s raea steward of public resources also
requires not only supporting innovative research, but also fostering innovation across the entire
research enterprise by enhancing individual and collective scientific stewardship. NIH must live
up to the commitment lhat every dollar is being spent in a way that maximizes long term public
benefit. Over the next 5 years, NIH will take several significant steps to strengthen and sustain
its most valuable resoureethe scientific workforce-and to strive for the highest leV of

scientific integrity, public accountability, and social responsibility in the conduct of science.

Recruit and Retain an Outstanding Biomedical Research Workforce. To ensure that the nation
cultivates a thriving and talented next generation of sci&stiNIH will seek ways tstrengthen

the biomedical research work forc8uch efforts will includenproving the outlook and
opportunities for new and early stage investigators through policies and grant mechanisms that
are designed to support investigators at the outset of their careers. NIH will continue to take
steps to enable exceptional early career scientists to flourish independently by bypassing the
traditional postdoctoral training periodp bridge the gap from earlyo mid-career

investigator, and to normalize grant success rates between early stage investigators and more
experienced investigators. For example, within the next 4 years, NIH will be evaluating its Early
Independence Awardsrogram to gauge its success in fostering independent and productive
research careers.

Another way in which NIH will aim to ensure that all of America develops and maintains an
outstanding biomedical research workforce is throughntgitutional Development Award
(IDeA) programBy broadening the geographic distribution of NIH funding for biomedical
research, the IDeA program fosters healdtated research and enhances thenapetitiveness

of researchers at institutions located in states in which the aggregate success rate for grant
applications to NIH has historically been low. Such activities also benefit unique popufations
such as rural and medically underserved communitigsPuerto Rico and the 23 states that
are currently part of the IDeA program.

NIH will also continually evaluate the effectiveness of its scientific training programs and
efforts. For example, it will identify and target specific areas of biomedical research in which
workforce training should be tailored to meet growing needs, including revitalizing physician
scientist training, fostering recruitment to expand the data sciencekfooce, and promoting

the crosstraining of basic scientists, clinical scientists, and phys&i@ntists to faiditate the
development of interand crossdisciplinary research teams and to stimulate translational
research. Furthermore, NIH will promote innovative training programs to prepare trainees for
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the wide spectrum of
career options that will be
available in tomorrow’s
biomedical research
workforce. For example,
the recently establiséd
Broadening Experiences in
Scientific Training (BEST)
program will enhance
training for graduate
students and postdoctoral
scholars to prepre them
for careers outside of
conventional academic

researchUltimately, a Enhancing the Diversity of the NIH-Funded Workforce Program.

stable, predictable funding Through t.hlswgtlonalcolIgbora‘uve, the Diversity Program Coqsortlum, in
) partnership with NIH, will develop, implement, and evaluate innovative

stream is needed to attract approaches to research training and imeng. The goal is to engage

and retain new talent for individuals fom diverse backgrounds and hétem prepare for and succeed

the research workforce. in biomedical research careers.

Enhance Workforce Diversity. NIH strongly believes that diversity in the biomedical research
workforce is critical to prducing new scientific discoveridsrom NIH's vantage point, racial

and ethnic diversitys paramount.lt is also important to pursue diversity in other areas,
includingsex and gender, socioeconomic status, geographic locamhgdisability status

In an effort to understand why the biomedical workforce does not reflect the diversity of the
Nation, NIH sponsoredlandmark studythat demonstrated a disparity in RO1 funding to
AfricanAmericanBlack applicants. Importantly, NIH has launched a broad range of efforts to
redress this untenable situation, including a thorough gsial of potential biases in peer review
andexperiments in anonymizeeview. Under the leadership of its fir€hief Officer for

Scientific Workforce DiversitiNIH will work to implement the recommendatioakthe

Advisory Committee to the Director’'s Working Group on Diversity in the Biomedical Research
Workforce. This comprehensive strategy aims to enhance scientific workforce diversity,
engaging partners from academia and industry to achieve diversity at all stages of biomedical
research career trajectory.

Examples ohew NIH programs that are part of this strateayg the BUilding Infrastructure
Leading to Diversity (BUILD) initiative, which has the-teng goal of ctalyzing cultural
changes at academic institutions so that talented students from groups historically
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processes to reduce the administrative burden on its grantees as much as possible, while
maintaining the agency’s necessary oversight role. These actions have been informed by
recommendations from a 2015 regdrom an ad hoc committee of The National Academies of
Sciences, Engineering, and Medicit@@ptimizing the Nation's Investment in Academic
Research: A New Requlatory Framework for the 21st Century, Parnd a 2012 report from

the National ReseahcCouncil’s Committee on Researamvérsities,'Research Universities

and the Future of America: Ten Breakthrough Actions Vital toNation’s Prosperity and
Security” NIH has already made changes to many steps throughout the grant award process to
optimizethe system as much as possible, but there is no easysmedits-all solution.Over

the next 5 years, NIH will continue to evaluate opportunities to streamline and automate this
process to allow scientists to focus their attention first and foremost on their research.

Optimize Approaches to Inform Funding DecisioA$.NIH, the crucial, initial assessment of a
grant application’scientific merit is condued through the agency’s highly respected peer
review system. Still, there is always modor further optimization. DuringY 20162020, NIH

will step up efforts to make its peer review and pgsant award system even strongey:b
enhancing divesity and fairnessoptimizing the process for promoting interdisciplinary and
team science; and voicing an expectation that all NIH grantees serve on Niktpieer study
sections when asked, thus ensuring that every researcher “gives bathe scientific
enterpriseas a whole

NIH leadership will also encourage sharing of best practices in portfolio analysis and strategic
planning among ICOs. Individual ICOs play a key role in funding decisions through their Program
Officers, who fiad grant applicants’ inquiries and manage specialized portfolios of grants; their
National Advisory Councils, which provide a second level of review for scientific merit; and their
Directas, whohave the ultimate authority over funding decisioi® help mform these

decisions, NIH will continue to explore the efficacyiffierent funding approachescomparing
mechanisms to ascertain if their strengths and weaknesses and analyzing whether there is an
optimal threshold of funding for research groups via RPG mechanisms.

Since it is virtually impossible to predict where the next great breakthrough will emerge, NIH
places a heavy emphasis on maintaining a diverse and broad portfolio. However, NIH currently
uses the number of projects that it supports as the key metric in assessing program breadth.
Emergent data suggest that on average, there are optimal levels of funding for research groups,
beyond which, there is only minimal increase in return. NIH must therefore decide if portfolio
breadth would be best achied through an increase in the number of investigators that it
supports as opposed tine number of projects it supports. Over the nexy®&ar period, pilot
programs will be put in place to test this important question.
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help translate NIH research findings into new drugs, technologies, and evitlased practices
for improving health. For example, NIH recently partnered with other fedee@gs to
develop the National Strateqy for Combating AntibidRiesistant BacterigAlso, NIH’s National
Institute of Allergy and Infectious Diseases leads an interagency workgroup elogieg
therapeutics and vaccines against the emerging global public health threat posed Mydittie
East Respiratory Syndrome Coronavirus (MER®&-Other federal agencies represented
include CDC, FDBgpartment of Defense, and Biomedical Advanced Research and
Development Authority.

Tissue Chips.Petri dish and animal models often fail to provide good ways to mimic disease or predict how drugs will work
in humans, resulting in much wasted time and money while patients wait for therapies. To addreaighge, NIH,
DARPA, and FDA are collaboratirtg develop 3D platforms engineered to support living human tissues and cells, called
tissue chips or orgarm-chips. An integrated bodgn-a-chip is the ultimate goal.

D

Other outstanding examples of creagency collaboration are thBissue Chip for Drug

Screening prograimin which NIH, FDA, and DARPA are collaborating to develop 3D human
tissue chips that mimic human physiology. On another highly innovative fronithegercy
Artificial Pancreas Working@up, in which the National Institute of Diabetes and Digestive and
Kidney Diseasethe National Institute of Biomedical Imaging and Bioengineg@ang the

Eunice Kennedy Shriver National Institute of Child Health and Huevatopment are working
with FDA, patient advocates, and industry toward development of an artificial pancreas, which
could be the most revolutionary advance in diabetes care since the discovery of insulin.

Patients, disease advocacy organizations, and community members at the localasthte
federal levels also are playing an increasingly significant role in spurring advances in biomedical
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research. Consequently, NIH will embrace these and other members of the public as active
partners in the researchnterprise, with the aim of generating more effectivand more
relevant—esearch outcomes. This will include seeking input from diverse volunteers at all
stages othe research process, from study design to datbection and analysidhe PMI

cohort wil be among the NI#ed efforts pioneering this highly interactive, proactive
participation model. Besidderging partnerships with individis, NIH’s new model fo
researchwill underscore the importance of reaching out to previously underrepresented
groups, consulting with communities, providing equal access to research studies and results,
protecting patient privacyand conducting research in an ethical and responsible manner.

Another important area of partnershighat NIH will seek to encourageer the next 5 years is
cultivatingpublicprivate partnerships with healthelated industries, including small
businesses, venture capital companies, biotech companies, and large pharmateuti
companies. Such efforts, exemplified by thecelerating Medicines Partnershipill bring

Accelerating Medicines Partnership®.This bold publieprivatepartnershp seeks to transform discovery and
validation of therapeutic targets and biomarkers for complex diseases by integratingezigéngolecular
profiling and big data analytical approaches. AMP currently has pilot programs for Alzheiisedse] type 2
diabetes, and the autoimmune diseases rheumatoid arthritis and lupus.
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together the expertise and resources necessary to address the gap in the development pipeline
between scientific discovery and the commercial marketplace, with the goal of turning
breakthrough basic science discoveries into useful drugs and other biomedical products more
quickly. Helping to facilitate NIH’s pubfiavate partnerships is thEoundation for the National
Institutesof Health (ENIHWhich Congress established in 1990 as an indepent@nprofit

charged with supportingNIHs mission. For example, FNIH manables Biomarkers
Consortiumwhich brings together indusgt patient advocacy organizations, acadenaiad
government agencies and institutes to develop and support research ainwdabtying

promising biological markers for use in diagnosing disease, predicting therapeutic response
improving clinical praate. @rrent members include NIH, FDiAe Pharmaceutical Research

and Manufacturers of America (PhRMA), the Centers for Medicare & Medicaid Services (CMS),
andthe Biotechnobgy Industry Organization (BI@)png withmore than 30 companies and
not-for-profit organizations.

NIH in collaboration with AHRQ and other HHS agenviisalso seek to strengthen its

existing ties to and forge new partnerships with clinicians and professional societies. Physicians,
nurses, and other healthcare professionals, both individually and collectively, are essential for
the design and implementation of Nidtipported research studies, the timely dissemination

and implementation of evidenecbased practices into healthcare, and the education of fellow
clinicians, patientsand the general public about evidenbased interventions and treatments.

In addition to partnerships within the United States, NIH has a responsibility to reach out to
partners that are integral to its efforts to address global health challengesamave the
health of all humankindSuch actions are
not only consistent with our nation’s
scientific and humanitarian values, but
are frequently in our own best interest
because infectious diseases do not
respect national boundariegorging such
partnerdhipsinvolves negotiating
international collaborations with non
governmental organizations, private
industry, and governments of other
nations. Thesgartnerships magerve to
promote biomedical science, for exampls H3Africa. Zambian Deputy Minister of Hethl Chitalu

by sharing samples and data by Chilufya (middle blue suit) welcomed members of the

building research capacity, such as is H3Africa Consortium to Livingstone, Zambia, for their
sixth meeting on Ma®, 2015. Also present were

representatives of NIH and the Wellcome Trust

being done in theduman Heredity and
Health in Africa (H3Africaitiative and
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the Medical Education Partnership Initiatiiresub-Saharan Africa. Other globally oriented
partnerships promote the implementation of research results, such as NIH’s miledtives
projects with the Bill & Melinda Gates Fodationto reduce premature births, improve
maternal and irdint nutrition, develop models to accelerate drug discovery for tuberculosis,
design vaccines against HIV and other infectious diseases, and devise affordabtd-panet
diagnostic technologies.

Engage in Proactive Risk Management Practidesmeet the evolving needs of an ever

changing and increasingly challenging biomedical research environment, NIH’s risk
management abilities will continue to grow and mature over the next 5 years. Using
standardized approaches, NIH must systematically assess its administrative processes,
operational procedures, anstcientific programs, for potential risks that could lead to failure.

The identified risks must be prioritized and then proactively addressed by applying appropriate
human and monetary resources to minimize, monitor, and control the potential impact of these
risks to the NIH mission.

Over the next 5 years, NIH will pursue these and many forlaorking measures to

reinvigorate our role as a visionary, yet careful, steward of the resources entrusted to us by the
American people. Such actions will ensure that the U.S. biomedical research enterprise remains
firmly on the pathway to a bright and sustainable future.
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Objective 4: Excel as a Federal Science Agency by Managing for Results

As a public science agency, NIH is obligated to use transparent, scientific approaches in its
decisionmaking. Ultimately, NIH is accountable to the American people, who have every right
to expect all of their government agencies not only to perform,disoto excel. To fulfill this
respansibilityin a thoughtful mannethat goes beyond onsizefits-all solutiors, NIH wilbuild
upon its strong tradition of excellence by managing for resuoltee following ways

Develop the “Science of Science.” NIH will take greater leadership in developing and validating
the methodologies that are needed to evaluate scientific investments. For example, new
approaches to portfolio analyses have been devised that allow for a aggebsmenof

potential overlap and gaps.

Over the next 5 years the portfolio of each ICO will be compared to one another as well as
those agencies and foundations for which grant portfalata is available. NIH has also
promoted more robust bibliometrianeasures through development disambiguation tools
and anormalized citation metritermed the Relative Citation Ra{RCR). In addition, the
agencyis considering outsiddibliometric approachesuch as thosdeveloped by the
Eigenfacto®Project However, more toolare clearly required to help NIH better assess what
value each grant in its portfolio provides and to test whether the mechanisms that it is
employing for supporting investigators is optimal. For example, several retgtieshave
suggested that there is a limit to the value added in providing more and more funding to a
single laboratory.

Balance Outputs with OutcomesyBheir nature, outputs are easier to measure and have a
shorter lag time between the onset of the activity and the “result.” In contrast, outcomes,
which should have some effect on the external environment, are much harder to measure, in
part, because théag time between the activity and the “result” is longer and often
unpredictable. Further, because outputs are easier to measure, organizations often use them
without full consideration of the perverse incentives they may be creating.

Much of NIH’s investment is made through its grant portfolio. In an attempt to evaluate the
“success” of a grant, a wide range of scientific outputs can now be assembled, each with its
own inherent flaws. Nevertheless, the use of bibliometrics that account for variations in
publication and citation practices among different scientific disciplines can provide a
preliminary indication of a program’s “value.” The number of patents and/or investigational

new drug (IND) applications filed can also be a surrogate for program viuttagain, these

take time, and by themselves are not necessarily predictors of outcomes that may take much
longer to realize. For example, who would have assigned a very high value to early research on
thermophilicmicroorganisms in the late 196@hat ultimately led to the discovery of Taq
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polymerase and the development of the polymerase chain reaction (PCR) technique that fueled
the biotech revolution?

For evaluation of NHdupported training, a standard approach is to count the number of
trainees in tenurerack or tenured positions at universities around the world. This is a relatively
facile measure in the era of social media. But this has led to a systematic undervaluation of
trainees who have gone on to important careers in industry, policy development, intellectual
property adjudication, or teaching, to list a few. NIH has recently made providing postdocs and
graduate students with a broad exposure_to career optiass critical part of a successful
trainingprogram, and will now align its stated goals with the measures used to assess the
programs that undergird the efforts.

Improving the health of the nation and the world is the ultimate outcome that NIH aims to
achieve. And over the last several decadeis, dear that NIFsupported research has had a

major positivempact on human healthMajor prizes, such as the Laskers and Nobels, are also
an indication of how the world views major advances in science, and NIH has been responsible
for supporting the work of a vergrge numberof those honored with such prizes over the last

few decades. But within the-gear hoizon contemplated for this Strategic Plan, it would be
difficult to chart a course toward widespread population benefit from NIH investments in
research—the timelines are just too long.

Conduct Workforce Analyse#n general, workforce analysis has proven to be challenging for
many fields, but NIH has createdtatic representation of the Ph.D. workforaadis currently
working on a dynamic model that can be used in concert with all relevant stakeholders
(universities, research institutes, industry, the federal government, policy think tanks, and the
K-community college educational system) to better predict the number of Ph.Ds. and
postdoctoial fellows that woulde optimal for NIH to support. Particularly vexing is the
continued decline of physian-scientists. A recent snapot has been generated of the M.D.,
M.D-Ph.D. census, but more work must be done to design interventions that will increase the
number of thesanvaluable memberef the workforce. While NIH has engaged in many
research partnerships, it will also formulate and evaluate new approaches to engaging
physicianscientists through inclusion of professional organizations, acadbealth center
leadershipand, of course, the trainees themselves.

Continuous Review of Peer Revielhere are many other elements of peer review that
demand continuous evaluation. As science becomes more interdisciplinary in nature, new
approaches toeview need to be tested and validated, including asynchronous, electronic
reviews and tweor three-stage “editorial board” models. In addition, the cost/benefit ratio of
each must be evaluated. NIH will also continue to seek measures to compare the
“performance” of each study section.
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Evaluate Steps to Enhanétigor and ReproducibilityNIH, in partnership with fellow science
agenciesjournal publishers, professional societies, universities, foundations, and a number of
other stakeholder groups, has ladred a series of initiatives to enhance the rigor and
reproducibility of the conduct of science and reporting of scientific results. Each of these
initiatives will be evaluated over the next 5 years for beneficial effects, as well as for any
unanticipated,negative consequences.

Reduce Administrative BurderThere are a wide range of administrative burdens plagaoh

NIH’s stakeholdersnd several recent studies have enumerated many of these. In approaching
this issue, NIH first must classify each burden with regard to ergme are mandated in law;
others are rooted in policy; and still others can be traced to historic custom. NIH’s goal over the
next 5 years will be to reduce or, wherever possiblaninate those burdens that arise from
custom and/or poky. NIH will also work with Congress to ascertain which of the burdens
arising from laws can be modified to provide some relief.

Track Effectiveness of Risk Management in Decision Making. Winston Churchillsaigte

“Never let a good crisis go to waste.” When unexpected issues arise, it is important to do a
formal analysis of not only what events occurred, but aly they occurredin this manner,

NIH'’s risk management system can be continuously adapted to include new elements that had
not previously been considered or even anticipated.
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A Few Bold Predictions for America’s Future

Despite the risks associated with making shertn predictions, it behooves Nitd lay out

ambitious outcome objdoves for the next 5 years. Belaave just a few of the outcomes that NIH

will strive to deliver for the benefit of the Aenican people and all humankindhis list of potential
advances should be taken as “stretch goals” that can only be achieved by stable funding support
and intense scientific effort. These are definitagpirational goals, rather thaguaranteed
outcomes.Thislist alsois not exhaustivet is entirely possible that the greatest research
achievements by 202@ill come from direction®o one carcurrently anticipate. Finally, it is likely
not all of these goals will be attaindaly 2020, but they are offered in hopleat this kind of bold
visioning can inspire the rapidly moving field of biomedical research to aim even higher.

{ Manythousands of cancer patients will experience enhanced survival from application of
precision medicine.

{ A candidate vaccine that induces a broad ant¥pbthding response to multiple strains of the
influenza virus will be in clinical triatsa critical step towards a universal flu vaccine

{ NIHsupported researchvill develop effective, tailorebehavioraland social interventions to
promote health and pevent iliness in populations that experience health disparities.

{ Application of pharmacogenomics in reabrld clinical settings will lead to improved outcomes
in the use okeveral drugs.

{ A pivotal efficacy trial of a novel HIV vaccine, expectecetprbin the Republic of South African
in 2016, will confer at least 50% protection against the acquisition of HIV.

{ NIHsupported clinicalrials will show that at least laalf-dozen interventions thought to be
clinically beneficial actually have no value

{ Radical new methods for structural biology will revolutionimegdscreeningnd optimization

{ NIHsupported research will directly contribute to Flapproved therapies for at least a dozen
rare diseases.

{ Application of certairmobile health(mHeath) technologies will provide rigorous evidence for
their use inenhancing health promotion and disease prevention.

{ A wearale biosensor fomonitoring bloodalcohol levels in reaime will be developed and
show efficacy for preventing alcohmlatedinjury and disease.

{ Technologies to reverse paralysis and restore soorenal functiors will be available to spinal
cord injury patients.

{ Vaccinesagainst respiratory syncytial virus will be field test for efficacy, promising a solution for
this leading cause of childhood pneumonias.

{ Research on the artificial pancreas will lead to advanced trials showing significantly better
management of diabetes, without dangers of hypoglycemia.

{ NIH will be known as the model agency for applying the scientdiboal to itselt—for learning
and implementingn arigorous way, how best to suppdsiomedical research.
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