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INTRODUCTION

This FY 2008 Annual Performance Report provides information on the National Institutes of
Health’s actual performance and progress in achieving the goals established in the FY 2008 Annual

Performance Plan which was published in February 2008.

The goals and objectives contained within this document support the Department of Health and
Human Services’ Strategic Plan (available at http://aspe.hhs.gov/hhsplan/2007/).
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I am pleased to present the Annual Performance Plan for FY 2008. This plan supported the President’s
and Secretary’s priority initiatives and the goals and objectives in the HHS FY 2004-2009 Strategic Plan.

One of the greatest challenges facing our society is the skyrocketing growth of health care costs: health
care currently accounts for more than $2 trillion in expenditures. The Centers for Medicare and
Medicaid Services project that by 2016, the Nation’s health care costs will reach a staggering $4.1
trillion. The most expensive way to practice medicine is to do it the way we do it now, where every
interaction between patient and medical care system can involve as many as twenty people.

Biomedical research supported by the NIH is an essential component in the effort to reduce this
expense.

The Nation’s return on investment in NIH includes declines in death rates for cardiovascular diseases
and increase in cancer survivorship—only two examples of the many advances driven by NIH. These
investments in NIH have brought us to where we can now clearly envision an era when the treatment
paradigm of medicine will increasingly become more predictive, personalized, and preemptive, with
greater participation by patients in the active management of their health. We expect to move away
from today’s costly and predominantly curative model of health care, which requires us to wait for the
disease to occur before intervening, to a preemptive model.

The development of this performance report is consistent with the Government Performance and
Results Act (GPRA). NIH uses GPRA and many other performance monitoring tools, such as peer
review, site visits, and performance-based contracting, to continually assess program performance and
to plan future research programs. NIH’s effectiveness is recognized by the Office of Management and
Budget through the Performance Assessment Rating Tool (PART) in six NIH programs assessed to
date that comprise over 95 percent of our budget—the AIDS Research Program and Extramural
Construction Program, which were scored as moderately effective—and the Extramural Research
Program, Intramural Research Program, Extramural Research Training and Research Career
Development Program, and Buildings and Facilities Program, which were all scored as effective.

The performance data reported for FY 2008 is accurate, complete and reliable. NIH has no material
inadequacies in the data provided.

The NIH is one of the world’s greatest assets for progress in health through rigorous science and
evidence-based knowledge. NIH represents an investment in the health of the Nation and its global
competitiveness in a century characterized by opportunities to make rapid progress in the life sciences
across all of its applications.

Raynard Kington, M.D., Ph.D.
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OVERVIEW

The National Institutes of Health FY 2008 Annual Performance Report contains the Performance
Detail information for each of NIH’s performance goals. It includes reporting requirements for the
Government Performance and Results Act (GPRA) which includes representative trans-NIH
performance goals and annual targets that are milestones in goal achievement. The selected goals
also support a balanced research portfolio of extramural/intramural and basic/clinical activities. It
includes the Performance Goal Narratives which depicts the story of scientific discovery for each
goal.

Functional Areas for NIH Activities

The NIH achieves its mission through a single overarching program—Research. Under this
program, NIH carries out activities in five functional areas presented below. The functional area,
Scientific Research Outcomes (SRO), contains representative, trans-NIH, specific scientific
research performance goals. The other four functional areas include performance goals which are
representative of activities that enable research and its management. The graphic below the
descriptions of the five functional areas shows the “drivers” or the components of each functional
area. Each of the performance goals encompasses either intramural or extramural research
activities or both, and they are all aligned with the agency mission.

« Scientific Research Outcomes (SRO). The matrix of research goals reflects low- to high-
difficulty in achieving the outcome by the number of years the program estimates that it will
take to achieve results. NIH research encompasses the support and conduct of investigations
across the full range of the biomedical research continuum, including basic
research, observational and population-based research; behavioral research; prevention
research; health services research; translational research; and clinical research. Although each
area of research has unique objectives, each may benefit from findings that may be applied to
transdisciplinary research.

« Communication and Transfer of Results (CTR). The new knowledge resulting from NIH
research activities cannot benefit human health unless the information is disseminated. Thus, a
core NIH function is to facilitate the communication of research findings—both in the U.S. and
abroad—to clinicians, public health systems, voluntary health organizations, and the public at
large. Scientific knowledge is the bedrock of evidence-based prevention and treatment
programs. The diversity of the U.S. population means that effective communication requires
varied approaches, such as the internet, community outreach projects, and projects tailored to
underserved populations. Equally important is transferring knowledge to the private sector to
be used in the development of new interventions, behavioral strategies, medications, biomedical
technologies, and devices that lead to better health.

« Capacity Building and Research Resources (CBRR). The productivity of the research
enterprise depends in large measure on the strength of the talent pool and on the technological
and other research resources available for use in investigations. Support for pre-doctoral and
postdoctoral research training replenishes and revitalizes the talent pool with new, highly
trained investigators. Support for career development hones and expands the skills of those



already performing research. In building capacity in the talent pool through training and career
development, NIH particularly strives to augment the ranks of clinical researchers, enhance
diversity, ensure well-trained foreign collaborators, and facilitate scientists’ aptitude for
multidisciplinary teamwork. Capacity building also encompasses improving and maintaining
the Nation’s biomedical research infrastructure. Fundamental to the productivity of the
research enterprise are the availability and accessibility of essential research tools, cutting-edge
technologies, animal models, reagents, and databases and other information repositories. This
is because optimal research resources set the boundaries for what questions can be investigated.
New technologies to share, transfer, and mine vast amounts of complex data electronically are
revolutionizing the conduct of science and the management, administration, and support of the
research enterprise.

« Strategic Management of Human Capital (SMHC). NIH recognizes human capital as one of the
most important resources of the organization. A qualified workforce, working in an
environment that utilizes its strengths, fosters the effective and efficient implementation of the
NIH research program. NIH aims in this area include delayering, competitive sourcing, and
developing a plan for strategic recruitment and retention, as well as planning for continuity and
leadership succession.

« Program Oversight and Improvement (POI). Ensuring that NIH activities and strategies are
carried out effectively and in compliance with all applicable laws and regulations requires
careful oversight and thoughtful improvement in procedures, policies, and systems.
Management systems need to be continually reviewed and updated to keep pace with advances
in public administration, and mechanisms to ensure proper stewardship must evolve with the
development of new requirements and rising thresholds for accountability. Meeting these
challenges is a priority for NIH.

Summary of Performance Goals per Fiscal year by Functional Area

Functional Area FY05 FYO06 FYO07 FYO08 FY09
Scientific Research Outcomes 36 35 36 45 47
Communication and Transfer of Results 5 5 4 5 4
Capacity Building and Research Resources 5 8 7 7 8
Strategic Management of Human Capital 3 3 3 3 5
Program Oversight and Improvement 7 7 7 6 6
Totals 56 58 57 66 70




National Institutes of Health: Balanced Portfolio
Government Performance and Results Act (GPRA)
Research Performance Driver Map

NIH mission: to uncover new knowledge that will lead to better health for everyone.

DRIVERS FUNCTIONAL AREAS PERFORMANCE
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This graphic is a logic model that depicts the inputs and outputs for each Functional Area. Itis a
representation of the Functional Areas described in the preceding paragraphs.

NIH Reporting Approach

NIH categorizes performance in the GPRA Plan under five functional areas with representative
trans-NIH performance goals reported for six years increments. Each goal has a narrative that
describes the impetus for the goal as well as the implementation plan to achieve the goal. The
narrative contains the background/state-of-the-field, rationale for the goal, target context and
conditions, an annual target table, a description of target performance, other advances, and options
such as a section to report retrospective efficiencies and to describe if target or goal adjustments are
needed. Scientific rationales for adjusted targets are presented if applicable. To simplify reporting,
completion of the goal becomes the expected annual target for the end year of the goal.

The FY 2008 performance summary is provided with target achievements, associated budgets, and
other advances. If a target is achieved efficiently, a short narrative description is provided. Finally,
at the end of the narrative, it indicates whether the goal was included in the Program Assessment



Rating Tool (PART). Unless stated otherwise, NIH plans to move forward with the proposed
annual targets within the context of the proposed budget.

Performance and budget information for each goal is collected through a centralized online
reporting system called Visual Performance Suite (VPS). The system supports e-government as it
provides an electronic systematic approach of collecting performance and budget information
across ICs. The system provides an anthology of performance and associated budget information to
facilitate communication and can be used to support organizational annual planning.

NIH Performance Goal Criteria

Although decisions regarding the development and implementation of performance goals are made
at the NIH level, the development and administration of specific goals occur at the IC level.
Consequently, budget and performance decisions are made at the IC level.

Overall GPRA management requires that each performance goal be based on Research and
Development Investment (R&D) criteria; be representative, measurable and trans-NIH; be
meaningful to researchers, public, and NIH stakeholders; have an estimated date of completion; and
be reported annually. Also, the goal should enable linkage of budget with performance and be able
to appear in managers’ performance plans. The selection of performance goals and targets are
guided by the following criteria:

e Research and Development (R&D) Investment Criteria. The NIH performance goals are
consistent with the President’s Management Agenda R&D Investment Criteria. These criteria —
relevance, quality, and performance — are considered in the development of NIH performance
goals and associated targets.

The first criterion—relevance—is addressed in several ways as it relates to research. One way
is in setting research priorities—by considering public health needs, as judged by the incidence,
severity, and cost of specific disorders as a key factor in determining areas of research support.
Relevance is also ensured by seeking the views of the public on NIH’s research agendas. This
occurs through meetings of advisory councils and/or boards that include representatives of the
public, by publishing research plans for public comment, and by meeting with representatives
of patient groups and presenting NIH research plans and seeking feedback. To help ensure that
the results of research reach the hands of those who can put the information to practical use,
relevance is also considered when developing and disseminating educational materials or
implementing public education campaigns based on results from NIH-funded research.

Quality—the second criterion—is embodied by a commitment on the part of NIH to support
work of the highest scientific caliber. NIH ensures quality through the peer review process for
grants, and the principles guiding this review for scientific merit are contained in the Public
Health Service Scientific Peer Review regulations. Peer review takes place in multiple steps.
The initial step of the peer review process takes place in Scientific Review Groups or study
sections, and the second step is carried out by the National Advisory Councils. A major effort
has been underway at NIH to reorganize many of these review groups to keep pace with the
ever-changing landscape of science, thus helping to ensure the quality of peer review.



The third criterion—performance—is key to each and every R&D goal set by NIH. Once
priorities are set, peer review occurs, and funding decisions are made, performance on NIH
grants and contracts is monitored on a regular basis. For example, grantees must submit annual
progress reports which are reviewed to assess their performance, and follow-up actions are
taken when necessary. In addition, there are other oversight mechanisms for reviewing
progress such as site visits conducted by NIH staff. NIH also conducts state-of-the-science
reviews, workshops, and other scientific meetings where knowledge in a particular area of
research is reviewed, and scientific progress and performance are assessed.

Balanced Portfolio of Goals (Difficulty and Time). The continuum of scientific discovery
affirms the need for a balanced portfolio of goals, ranging from low- to high-difficulty, and
short- to long-term. NIH presents its scientific research outcome goals in a matrix framework
(See GPRA Performance Goal Narratives by Five Functional Areas) to show the nature and
extent of its portfolio.

Goal Selection Criteria. NIH selected 66 specific, representative research goals as proxies for
performance on the larger, research portfolio. As noted above, the goals were selected based on
the following criteria:

o The goals are representative, not comprehensive; that is, taken together the goals represent
the breadth of NIH’s portfolio. The goals address basic, prevention, diagnostic, and
treatment research.

o The goals are objective; that is, they permit a comparison between the actual achievement
level and that targeted by the performance goal.

o The goals are reportable; that is, they lend themselves to annual reporting, including
incremental progress.

o The goals are not obviously attainable; that is, they must be recognized as something that
could be achieved in the future, but may not be reachable for any number of reasons—the
unpredictable progress of science, funding, and/or development of new tools needed to
achieve the goal.

o The goals are as specific (e.g., to a disease or definable problem) as possible, with reference
to a metric and/or a date for progress/completion, as appropriate.

o The goals are meaningful; that is, they will be credible to the research community and the
public; and they are important to the NIH and its research mission.

The Four Ps — Preemptive, Predictive, Personalized, Participatory. The Scientific Research
Outcomes represent the continuum of scientific discovery, which support the Four Ps of the
NIH Core Strategic Vision, and promote the transformation to precision medicine:

o Transform medicine and health from a curative to a preemptive paradigm (Preemptive)

o Support basic research to identify the earliest molecular stages of disease in complex
biological systems (Predictive)



o Accelerate translation of findings from the bench to the bedside to the community
(Personalized)

o Provide the evidence and knowledge base to allow for a rational transformation of our
healthcare system (Participatory)

e Target Adjustments. The prospective target-based approach for science requires flexibility to
reflect the discovery process. If an annual target is adjusted, it incorporates new knowledge and
redirects performance towards achieving the best science of the goal.

e Budget/Performance Integration. The required specific scientific focus of the performance
goals does not lend itself to NIH level allocation of funds. Priority setting and funding occur
below the NIH level penumbra. To achieve specificity, particular performance goals are created
by program staff and funded at the Institute level with multiple contributors. Often, the
specificity of the goal is not captured at the level of the multiple contributing Institutes’
penumbra either, since many are supported by grants and contracts. However, every
performance goal is treated as a priority, performance is diligently monitored, and budgets are
adjusted to facilitate the best possible outcome.

Once a goal is created, the lead and contributing Institutes/Centers (ICs) coordinate on performance
monitoring and funding throughout the duration of the goal. The ICs work closely with the NIH
Division of Program Coordination, Planning, and Strategic Initiatives and Office of Budget to
report annual performance and funding levels. Performance is monitored regularly with course
corrections and the establishment of new goals occurring as needed in order to achieve the intended
outcome of the goal. Programs that perform well are sustained if funding is available and the
research is continued to be deemed relevant. Poorly performing programs are corrected to
overcome deficiencies or funding is shifted to higher priority projects.
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SUMMARY OF PERFORMANCE TARGETS AND RESULTS

NIH continues to move in the direction of increasing the number of outcome goals while
decreasing the number of output goals. NIH achieves a high level of “MET” measures. Measure
not met has a sound scientific justification for the extended or not met rating. Sound science is
expected to have some extended and not met annual targets.

Summary of Performance Targets and Results Table

Long Term . % of Targets Total Total Vit % of
Total Targets with - Targets
FY Performance Tarcets | Results Reported * with Results Targets Targets Not Targets
Goals g P Reported Met Extended Met Met
2005 56 82 78 95% 77 4 1 94%
2006 58 75 70 93% 69 5 1 92%
2007 57 76 75 99% 66 1 9 87%
2008 66 80 79 99% 72 1 7 90%
2009 70 &3 Performance results will be reported in February 2010.

*Current year annual measures plus extended targets from prior year(s)
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PERFORMANCE DETAIL
GPRA PERFORMANCE GOAL NARRATIVES BY FIVE FUNCTIONAL AREAS

Scientific Research Outcomes

NIH conducts and sponsors investigations in this country and abroad across the full range of the
health research continuum, including basic research, which may be disease oriented or lead to the
development and application of breakthrough technologies, observational and population-based
research, behavioral research, prevention research, health services research, translational research,
and clinical research. Clinical research includes research to understand both normal health and
disease states, move laboratory findings into clinical interventions, and assess new treatments or
compare different treatment approaches.

Each NIH Institute and Center (IC) maintains an extensive portfolio of research activities in its area
of focus. In addition to providing grant support to the extramural research community through a
competitive proposal process, most of the ICs also conduct their own research in NIH's intramural
laboratories. Each year, NIH supports approximately 50,000 awards made to the most promising
and productive scientists at universities and research centers throughout the country and, where
special opportunities exist, to scientists abroad. The vastness of the NIH portfolio presents a
challenge in terms of articulation of goals. NIH has selected 51 specific, representative research
goals, as proxies for performance on the larger, research portfolio. The goals were selected based
on the following criteria:

o Representative. The goals are a sampling of NIH aims that, as a set, represent the NIH
mission. NIH has abandoned the previous approach of goals that, collectively, embody the
NIH mission comprehensively.

e Meaningful. The goals must be credible to the research community, as well as to the public
and NIH stakeholders.

« Specific. Goals should be as specific to a disease or definable problem as possible, with
reference to a metric and/or a date for progress/completion, as appropriate.

o Objective. Objective goals are self-measuring; that is, they permit a comparison between
the actual achievement level and that targeted by the performance goal.

o Reportable. Goals must lend themselves to annual reporting. Reports of incremental
progress are fine.

« Not obviously attainable. The goal must be recognized as an outcome that could be
achieved in the future, but may not be reachable for any number of reasons.

Central to this approach is a framework that characterizes goals on the basis of difficulty (i.e.,
likelihood of attaining the goal) and time. One way of visualizing this framework is to use a three-
by-three matrix (see next page). Following presentation of the goals in the matrix format, the goals
are presented with accompanying background information. Baseline information provides the
current state of the field upon which the goal was developed. The implementation strategies
provide the key building blocks of science for a three year range. These strategies will be adjusted
from year to year to adapt to scientific discoveries and advancements that facilitate progress toward
the goal. Since scientific discovery is complex, the annual target selected represents only one
critical step in the process of achieving the final outcome.

12



NIH GPRA SCIENTIFIC RESEARCH OUTCOMES GOALS MATRIX

Difficulty 1-3 YEARS 4-6 YEARS 7-10 YEARS
High 1.1 By 2008, conduct medications 2.1 By 2015, evaluate islet transplantation 3.1 By 2013, identify at least one
development using animal models in combination with immune clinical intervention that will
and begin conducting Phase I and modulation strategies for the treatment delay the progression, delay the
1I human trials of two potential of type 1 diabetes in clinical trials. onset, or prevent Alzheimer's
treatments for alcoholism: the disease (AD).
cannabinoid antagonist rimonabant 2.2 By 2009, evaluate the efficacy of two
and the corticotropin-releasing novel approaches to prevent weight 3.2 By 2010, develop one universal
hormone antagonist antalarmin. gain and/or treat obesity in clinical antibiotic effective against
trials in humans. multiple classes of biological
1.3 By 2010, develop an experimental pathogens.
robotic exoskeleton that can be 2.4 By 2009, develop and test
tested for clinical rehabilitation of multidisciplinary biobehavioral 3.3 By 2013, determine the efficacy
upper extremity movement. interventions to prevent/attenuate of using salivary diagnostics to
disease- and treatment-related monitor health and diagnose at
1.4 By 2012, identify signatures of symptoms such as pain, fatigue, and least one systemic disease.

gene expression in peripheral
tissues that are associated with
alcohol-induced disorders.

2.5

2.6

2.7

2.8

psychological distress to reduce
related symptom burden and to
increase functional status and quality
of life.

By 2011, identify and evaluate 5 novel
molecular-targeted interventions for
cancer, and determine suitability for
use in early phase clinical trials.

By 2011, develop one field deployable
sensor device for use in human studies
and develop one biomarker to
characterize the impact of
environmental exposures on biological
pathways.

By 2011, complete clinical testing of
one candidate medical countermeasure
that could be used to diagnose or treat
victims of a chemical terrorist attack
or accident, and complete preclinical
testing for two others.

By 2013, advance two emerging new
strategies for treating muscular
dystrophy to the point of preparedness
for clinical trials.

3.4 By 2010, develop an HIV/AIDS
vaccine.

3.5 By 2013, identify and
characterize at least 2 human
candidate genes that have been
shown to influence risk for
substance use disorders and risk
for psychiatric disorders using
high-risk family, twin, and
special population studies.

3.6 By 2012, develop and apply
clinically one new imaging
technique to enable tracking the
mobility of stem cells within
cardiovascular tissues.

3.7 By 2019, develop at least two
novel therapies for immune-
mediated disease.

3.8 By 2016, determine the optimal
tailored treatment regimen for
patients with early stage breast
cancer that maximizes the
benefits of chemotherapy while
minimizing the side-effects of
unnecessary treatment.
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Difficulty 1-3 YEARS 4-6 YEARS 7-10 YEARS
Medium 4.3 By 2009, evaluate the 5.2 By 2009, determine the efficacy of statins 6.1 By 2012, identify the genes that
safety and efficacy of in preventing progression of control the risk of development of
two new treatments for atherosclerosis in children with systemic age-related macular degeneration
nonalcoholic lupus erythematosus (SLE, or lupus). (AMD) and glaucoma in humans.
steatohepatitis (NASH)
in adults. 5.3 By 2009, expand the range of available 6.2 By 2011, assess the efficacy of at
methods used to create, analyze, and least three new treatment strategies to
4.4 By 2011, identify or utilize chemical libraries, which can be reduce cardiovascular
study additional genes used to discover new medications. morbidity/mortality in patients with
involved in Specifically, use these chemical libraries type 2 diabetes and/or chronic kidney
communication disorders to discover 10 new and unique chemical disease.
in humans and animal structures that could serve as the starting
models. point for new drugs. 6.3 By 2008, develop a knowledge base
on chemical effects in biological
4.5 By 2011, identify genetic 5.5 By 2008, develop and test two new systems using a systems toxicology
and environmental evidence-based treatment approaches for or toxicogenomics approach.
factors which predispose drug abuse in community settings.
to three complex 6.4 By 2014, identify and characterize
diseases. 5.6 By 2009, identify 1 or 2 new medication two molecular pathways of potential
candidates to further test and develop for clinical significance that may serve as
the treatment of tobacco addiction. the basis for discovering new
medications for preventing and
5.7 By 2010, validate and compare 3 imaging treating asthma exacerbations.
methods that could offer increased
sensitivity over computed tomography 6.5 By 2014, develop and evaluate two
(CT) as a means of assessing lung cancer new interventions for the prevention
response to therapy. and/or treatment of HIV disease
utilizing the newly restructured
5.8 By 2012, improve device(s) to measure HIV/AIDS clinical trials networks.
hot flashes and test in clinical studies of
hot flash therapies. 6.6 By 2015, provide at least one new or
significantly improved minimally-
5.9 By 2010, establish the role of genetic invasive treatment for clinical use in
factors in three major diseases for which patients using image-guided
health disparities are noted between interventions.
populations.
5.10 By 2011, conduct studies of girls aged 6
through 8 years to determine the
associations between the age of onset of
puberty and progression through puberty
with 12 environmental exposures.
5.11 By 2012, develop and test at least two
behavioral strategies for the management
of symptoms to reduce the effects of
disease, disability, or psychological
distress on quality of life and outcomes.
5.12 By 2013, identify several potential targets

and/or molecules that modulate or enhance
the extinction of learned behaviors and
conditioned associations supporting
addiction, compulsion, or anxiety
disorders.
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Difficulty

1-3 YEARS

4-6 YEARS

7-10 YEARS

Low

7.4

7.5

7.7

By 2009, create
research resources to
aid in the
identification and
evaluation of
biomarkers as
candidates for
surrogate endpoints
for osteoarthritis.

By 2009, determine
the feasibility of
applying at least 2
tailored interventions
designed to prevent
dental caries in one or
more underserved
populations.

By 2011, assess
community-based
methods for
facilitating cancer
research and
providing patients
access to optimal
cancer care.

8.2

8.4

8.5

8.6

8.7

8.8

By 2009, identify and characterize
two molecular interactions of
potential clinical significance
between bone-forming cells and
components of bone. Such
interactions are defined as those
having significant impact on the
accrual of bone mass or the actual
mechanical performance of bone
(i.e., fracture resistance) in
laboratory animals.

By 2009, assess the impact of two
major Institutional Development
Award (IDeA) Programs on the
development of competitive
investigators and their capacities to
compete for NIH research funding.

By 2009, develop an item bank and
computerized adaptive testing
system available to clinical
researchers to improve assessment
of non-specific symptoms (e.g.,
pain and fatigue) and other domains
of health-related quality of life in
chronic disease.

By FY 2011, develop stable
national estimates of vision
impairment by extending the vision
component of the National Health
and Nutrition Examination Survey
(NHANES).

By 2012, identify three (3) effective
implementation strategies that
enhance the uptake of research-
tested interventions in service
systems such as primary care,
specialty care and community
practice.

By 2012, identify at least one
candidate intervention that extends
median lifespan in an animal model.

9.1

9.2

9.3

9.4

9.5

By 2010, demonstrate through research a
capacity to reduce the total years lost to
disability (YLDs) in the United States by 10%
by (1) developing treatment algorithms to
improve the management of treatment-resistant
and recurrent depression and (2) elucidating the
mechanisms by which depression influences at
least two comorbid physical illnesses (e.g., heart
disease, cancer, Parkinson's discase, or
diabetes).

By 2018, identify culturally appropriate,
effective stroke prevention/intervention
programs in minority communities.

By 2011, characterize the progression of
normal, healthy brain development in a
nationally representative sample of children in
the United States by creating a database of MRI
and clinical/behavioral data and analytical
software.

By 2013, develop and evaluate the efficacy of
neonatal screening for congenital
cytomegalovirus (CMV) infection to permit
identification of infants who will develop CMV-
induced hearing loss in the first years of life.

By 2014, assess the efficacy of long-term
oxygen treatment in patients with COPD and
moderate hypoxemia.

The matrix of goals selected by NIH reflects the challenges of complex biological systems. They
range across a continuum of low to medium to high difficulty, and they have a corresponding
timeline for achievement (i.e., 1-3 years, 4-6 years, and 7-10 years, respectively). For example, the
NIH portfolio includes high-difficulty goals that reflect the start of a scientific journey, which often
means that the knowledge is limited and pathways to success are primarily unknown. Achievement
of a high-difficulty goal in the early stages cannot be guaranteed. In contrast, NIH low-difficulty
goals usually have a long history associated with the scientific effort, and the knowledge base has
known parameters. With low-difficulty goals, only a few steps remain to translate the knowledge
into an application that could lead to improved public health. NIH also utilizes performance goals
that span the middle of the continuum. For the latter, a foundation of knowledge has been set but
not extensively developed. Yet the goal is pursued because achievement is deemed probable. The
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elements used to determine the level of risk/ambition/difficulty include predictability of outcomes,
absence of clear pathways, delivery time, and needed resources.

This continuum of scientific discovery affirms the need for a balanced portfolio with high-
difficulty/ambitious goals as well as low-difficulty/probable goals and all those in between. NIH
recognizes that all of its goals involve some degree of uncertainty because of the risk factor
inherent in the nature of scientific discovery. NIH promotes ambitious goals because they hold
promise to address a critical need and improve the health of the Nation. Goals that are ambitious
and/or involve uncertainty will by nature be difficult: The pathway to discovery may not be linear,
and the building blocks needed to make a scientific breakthrough still have to be determined.
Through utilizing goals that span the range of the continuum, NIH is making progress toward its
mission of uncovering new knowledge leading to better health for everyone.

NIH's scientific research outcome goals in the matrix represent NIH as a whole. Almost all of the
goals involve the scientific and/or financial contributions of more than one IC; most goals involve
several ICs. This representative approach enables an approximate performance assessment of NIH's
vast and complex research program. In laying the groundwork for reporting on prospectively
defined targets, NIH presents linkages among inputs, processes, outputs, and outcomes in science
as unique and nonlinear in the sense that:

o Outcomes are challenging to foresee with a high degree of accuracy, but can be captured in
many cases with milestones of progress toward the end goal.

o The full value of any given research finding may not be visible at the time of discovery, and
often reaches a state of fruition after many years or in combination with other advances.

o Although outcomes may encompass the proposed hypothesis, unplanned results such as
serendipitous discoveries and findings that narrow the avenue of the research focus
(elimination discoveries) can be just as significant.

o NIH supports the discovery of scientific knowledge; knowing that the downstream impact
of basic research usually is dependent on substantial further development of new knowledge
by private industry, other public sector researchers, and economic factors.

Each of these factors will need to be considered in interpreting research performance reports.
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The typically circuitous course of progress in science is depicted above. The graphic illustrates that
gaps in scientific knowledge drive the development of hypotheses for research studies. Yet, the
findings from those studies may unveil roadblocks that will further narrow or redirect the research
efforts. Often considerable time will pass before a new approach to the problem (a new scientific
opportunity) emerges. In addition, findings that did not validate a specific hypothesis may be used
in other research efforts leading to new scientific knowledge. Thus, each NIH research result has
merit and may prove critical in the realm of scientific discoveries.

Research is an inherently collaborative endeavor and partnerships are crucial to achieving scientific
research outcome goals. The role of the extramural research community (the scientists at
universities and hospitals across the country and even around the world) as NIH's partner in
research is well known. However, of increasing importance are partnerships with private
companies, not-for-profit institutions, non-governmental organizations, and state and foreign
governments. Joint research and training activities and other exchanges with such groups leverage
NIH resources. Moreover, such partnerships facilitate valuable information feedback loops that
identify emerging needs, suggest important new research questions, and otherwise inform priority
setting. Partnerships also provide access to populations that are key in advancing knowledge.

All scientific research carried out through NIH support is subjected to a rigorous and consistently
applied review process. For example, the Extramural Program, which oversees the largest category
of NIH-funded research, utilizes two levels of peer review. The first level consists of chartered
scientific groups composed of experts in particular scientific disciplines. The second level is the
National Advisory Boards of the various Institutes. For the Intramural Program, an outside Board
of Scientific Counselors participates in evaluating entire laboratory programs. The latter occurs
once every 4 years, which allows ongoing assessments of all intramural labs and the
accomplishments of the scientists who contribute to them. It is through this well-honed system of
peer review that NIH can maintain its focus on supporting research of the highest possible quality.
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SRO-1.1 By 2008, conduct medications development using animal models and begin conducting
Phase | and Il human trials of two potential treatments for alcoholism: the cannabinoid
antagonist rimonabant and the corticotropin-releasing hormone antagonist antalarmin.

BACKGROUND
Prevalence/Incidence
The 2002 World Health Organization report lists alcohol as the third leading risk factor for
preventable, premature death in developed countries, after tobacco and hypertension. In the
United States, alcohol is the third leading cause of death not attributable strictly to genetic
factors, after tobacco and diet/activity patterns. Nearly 18 million American adults suffer
from alcohol use disorders, i.e., alcohol abuse and alcohol dependence. Children also are at
risk for alcohol related problems. Almost 30 percent of 9th to 12th graders report having had
five or more drinks, in a row, at least one day of the previous month.

Disease Burden

Alcohol use disorders cost U.S. society almost $185 billion each year through injury, lost
wages, property damage, death, and other factors. Unlike other drugs of abuse, alcohol can
have toxic effects on any organ in the body. Heavy alcohol use can cause brain damage,
contributes to cardiovascular disease, and is a leading cause of liver cirrhosis and
pancreatitis. Alcohol also is linked to some kinds of cancer.

Rationale

Alcoholism is a chronic disease subject to relapse; sustaining abstinence is the goal of
treatment. However, current medications work for some people but not others. Different
factors contribute to abusive drinking and to subtypes of alcoholism. Some alcoholics have a
genetic predisposition that affects specific brain systems, such as those regulating stress or
rewarding sensations, resulting in molecular and cellular variations. Others are vulnerable to
environmental stimuli. Developing more widely effective medications requires (1)
understanding and targeting the different biological and environmental variations that
underlie alcoholism, and (2) the availability of a wide array of candidate medications for
testing. Animal models enabling the testing of compounds in different biological and
environmental scenarios are making this goal possible.

Two recently identified classes of compounds with treatment potential are antalarmin and
rimonabant. By blocking a brain cell receptor (CRH1) for a hormone that elicits anxiety in
response to stress, antalarmin reduced drinking in monkeys going through alcohol
withdrawal. Rimonabant blocks another receptor (CB1) that otherwise would stimulate
biological pathways in specific areas of the brain that result in rewarding sensations. In mice,
this medication reduced drinking by young animals. Researchers must continue to cast a wide
net to identify compounds with therapeutic potential for the different subtypes of alcoholism.
This involves identifying molecular targets and new and existing compounds that act on
them, conducting screenings that predict the utility of these compounds, and confirming their
utility with animal and human studies.
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PERFORMANCE ANALYSIS
Target Context and Conditions
Three strategies have been identified. First, NIH prepared a clinical protocol to test
rimonabant for its ability to reduce alcohol drinking and a phase I/II clinical study of
rimonabant was recently completed. Second, NIH contracted for toxicology studies of
antalarmin for the purpose of obtaining approval by FDA of an Investigational New Drug
(IND) application. This toxicologic evaluation was completed in 2007. Third, NIH designed
a protocol to be used for testing antalarmin in alcoholics for relapse prevention and reduced
alcohol drinking. This step is ambitious because of the normal risks associated with any

medications development program.

Baseline 2008
e (FYO06) Toxicology studies of antalarmin have been performed in monkeys and a phase Ila
clinical trial of rimonabant has been conducted.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(EXT) For the drug [(MET) Toxicology [Test antalarmin for |(MET) Rat models |Complete goal of  |(NOT MET)

antalarmin, the FDA
requires further
toxicology studies.
Extended to 2007.

studies of antalarmin
in non-human
primates were
conducted as
required by FDA.

relapse prevention in
alcoholics.

Complete goal of
conducting
medications
development using
animal models and
beginning to conduct
Phase I and II human
trials of two
potential treatments
for alcoholism:
rimonabant and
antalarmin.

failed to move to
clinical trials.
Therefore non-
human primates
were used to test
antalarmin.

(EXT) A Phase I/I1
clinical trial of
rimonabant was
conducted. For the
drug antalarmin, the
FDA must approve
the IND application
before a Phase [
clinical trial can be
conducted.

conducting
medications
development using
animal models and
beginning to conduct
Phase I and II human
trials of two
potential treatments
for alcoholism:
rimonabant and
antalarmin.

Antalarmin studies
were discontinued
because of toxicity
concerns.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target, extended from FY 2007, was NOT MET. Although a Phase I/II clinical
trial of the drug rimonabant was conducted in 2007, a Phase I clinical trial of antalarmin has
not been conducted because of toxicity concerns. Therefore, the goal of conducting
medications development using animal models and beginning to conduct Phase I and II
human trials of two potential treatments for alcoholism: rimonabant and antalarmin, was
NOT MET as antalarmin trials are not currently being pursued.

The results of initial toxicology studies of antalarmin raised concern about potential toxicity
in humans, so clinical studies were deferred until the toxicological effects of antalarmin
could be evaluated further as required by the Food and Drug Administration (FDA). Non-

human primates, rats and dogs were tested and the results of these studies indicate antalarmin
produces toxic effects above a certain dose for each species. For example, antalarmin caused
kidney and liver toxicity in rats and neurotoxicity, GI problems and weight loss in monkeys.
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This raises the possibility that antalarmin at or above certain doses may cause toxicity in
humans. Since safe effective doses of antalarmin in humans are unknown and the margin of
safety between effective and harmful doses may be not be large, antalarmin will not be
pursued in the near future for testing in humans.

NEW STRATEGY

As a result of the safety issues encountered with antalarmin, NIH will pursue other
compounds as potential treatments for alcohol dependence. Compounds under consideration
may include a mechanistically diverse range of candidate molecular targets and may
encompass different stages of development, i.e. preclinical and clinical. Pursuing a
mechanistically diverse range of therapies will not only improve the likelihood of developing
an effective treatment but also may pave the way for personalized medicine. While NIH is
not currently planning to pursue antalarmin, finding new treatments for alcoholism remains a
priority. Therefore a new goal will be proposed in the spring of 2009.

Advances or Other Highlights

Given the problems encountered with antalarmin, NIH is actively pursuing other CRH1
antagonists which have either completed toxicity studies or completed clinical studies for
other psychiatric disorders. Some of the toxicity observed with this and other CRH1
antagonists may be mechanism-related; therefore, NIH explored another molecular target, the
NKI1 receptor. This receptor and its cognate ligand, substance P, play a key role in the control
of stress responsiveness, similar to the CRH1 receptor. The results of a recent study indicate
that NK 1 antagonism may have an activity profile similar to that expected from CRH1
antagonists. First, deletion of the NK1 receptor in mice blocked voluntary consumption of
alcohol. Second, oral administration of a NK1 receptor antagonist (LY686017) to recently
detoxified alcoholics markedly reduced alcohol cravings induced by exposure to stress and
alcohol-associated stimuli. Finally, the NK1 receptor antagonist reduced responses to
negative emotional stimuli as measured by brain functional magnetic reasonance imaging
(fMRI). This NK1 antagonist is therefore a promising candidate for more extensive clinical
testing.
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SRO-1.3 By 2010, develop an experimental robotic exoskeleton that can be tested for clinical
rehabilitation of upper extremity movement.

BACKGROUND
Often times, individuals who suffer and survive a stroke, survive with hemiparesis (muscular
weakness or partial paralysis on one side of the body). Recent studies have shown that
rehabilitation therapy that involves practicing a functional arm movement repeatedly can
enhance recovery of arm function for certain stroke survivors. In an effort to speed the
rehabilitation process to enable individuals to regain function of the arm, NIH-supported
researchers are developing upper extremity exoskeleton robots—a device that patients can
wear around the arm, like a brace. Such a device would help the patient move the affected
arm when practicing repetitive motions. Existing robots are expensive, powered by large
power sources, and are too complex for clinical or home use. Recently, researchers began
making strides in overcoming the challenge of reducing the sheer size of the robot by
designing devices that can be powered with compressed air (pneumatics). Further
development that leads to low-cost robotic exoskeletons holds the promise of providing
therapeutic activities at the clinic or at home for a range of stroke patients.

Prevalence/Incidence
Stroke is a leading cause of serious, long-term disability in the United States. The American
Heart Association notes that each year about 700,000 people have a new or recurrent stroke.

Disease Burden
The American Heart Association estimates that the direct and indirect cost of stroke in the
United States for 2007 is $62.7 billion.

Rationale

Rehabilitation therapy is beneficial but requires much time and energy, not only from the
individual seeking to regain function in the arm, but also from the skilled physical therapists
who spend many hours helping patients repeatedly move the arm. To improve this
rehabilitation process, the NIH is developing robotic devices that would enable patients to
practice functional arm movements on their own. By enabling patients to practice
rehabilitation exercises that have been programmed in a robotic device, not only may the
patient regain function of the arm more quickly than with conventional physical therapy
sessions, but the costs of physical therapy for the patient could also decrease.

While there are preliminary research findings that suggest the robotic devices would be
useful, the challenge is to develop a device in such a way so that patients will have access to
it, for example at a clinic. NIH-supported researchers are now tackling this challenge by
developing a portable robotic device that can be programmed to deliver aid to a patient
undergoing a rehabilitative therapy program.

21




PERFORMANCE ANALYSIS

Target Context and Conditions

The NIH is developing robotic exoskeletons for clinical rehabilitation of upper extremity
movement. Currently, the robotic devices can be programmed for repetitive exercises. The
next steps involve engineering the device to respond to the patient’s progress so that the
device provides more aid and support in the beginning of the rehabilitation process and less
aid as the patient regains arm function. Researchers are also developing feedback programs
that will enable the device to sense the intent of the patient. For instance, when reaching for
an item or when eating, the device will enable the patient to complete that particular task.

The immediate short-term and high risk goal will involve developing a device that will
accommodate and control a broad range of naturalistic arm movements to enable the patient
to practice functional movements needed in daily living activities. A suite of control and
assessment software will be developed to allow treatment planning and evaluation, such as
assessing a patient’s current level of function, and to provide feedback to patients.
Researchers will also refine the device design using feedback from periodic clinician/patient
focus groups. These steps will lead to the development of a device to the point where
researchers can execute a preliminary study to demonstrate the effectiveness of the device
in retraining arm movement after chronic stroke in the clinic.

Baseline 2008

e (FY07) Current robotic aides do not have feedback mechanisms.

FY 2005
Actual

FY 2006
Actual

FY 2007
Target/ Estimate

FY 2007
Actual

FY 2008
Target/ Estimate

FY 2008
Actual

FY 2009
Target/ Estimate

Develop a suite of
control and
assessment software
to allow treatment
planning and
evaluation.

(MET) Developed a
suite of control and
assessment software
to allow treatment
planning and

evaluation.

Refine the device
design and software
using feedback from
periodic
clinician/patient

focus groups.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FYO08 target was MET. Scientists have developed systems that can be used to guide an
upper extremity robot to learn a patient’s ability to complete a movement, to assist the patient
in completing the movement, and to provide only the assistance needed. An adaptive
controller ascertains a dynamic model of the patient’s arm and develops a model of the
patient’s ability and effort. Based on these models, separate control algorithms for impeding
and assisting movement can be developed and used.

Advances or Other Highlights
Researchers are also developing and refining devices specifically aimed at regaining function
in the forearm and wrist, in the hand, and in the elbow and shoulder. To better engage
patients in completing certain rehabilitative movements, investigators are exploring ways to
integrate some of the devices with existing off-the-shelf video games.

22




SRO-1.4 By 2012, identify signatures of gene expression in peripheral tissues that are associated
with alcohol-induced disorders.

BACKGROUND
Alcohol-induced disorders, including organ damage and addiction, reflect both the genetic
make-up and the cumulative responses to alcohol exposure and environmental perturbations
over time (epigenetic), with each individual factor, whether genetic or environmental,
generally contributing only a small fraction to the overall symptoms or phenotypes. Alcohol
exerts its effects at the DNA, RNA and protein levels as well as the systems level where
alterations in multiple biochemical, metabolic, or signaling pathways result in the
dysfunction of many different cells and tissues. This high degree of complexity in alcohol-
induced disorders limits the utility of traditional gene-by-gene studies that provide only a
fragmented view of a complex picture. Thus, global approaches such as gene expression
profiling are essential to capture the full complexity of alcohol-induced disorders. Gene
expression profiling surveys the whole genome and has the potential to capture alterations in
expression patterns of a broad range of genes associated with susceptibility, initiation,
progression, and pathogenesis of alcohol-induced disorders. Identifying variations in gene
expression patterns will advance understanding of the underlying causes of these disorders
and, more importantly, will provide new avenues for diagnosis, prognosis, and therapeutic
intervention of these disorders, and ultimately, lead to personalized medicine.

Prevalence/Incidence

Alcohol use disorders (AUDs) encompass alcohol abuse and alcohol dependence, and arise
from drinking too much, too fast and/or too often. In 2003, the worldwide prevalence of
AUDs was estimated at 1.7%, accounting for 1.4% of the total world disease burden in
developed countries. In the United States, 18 million Americans (8.5% of the population age
18 and older) suffer from AUDs. Only 7.1% of these individuals received any treatment for
their AUD in the past year. In addition, the prevalence of drinking, especially binge drinking
(i.e., drinking five or more drinks on one occasion), puts adolescents at risk for developing
AUDs. For example, almost 30% of 9th to 12th graders report binge drinking at least one day
of the previous month.

In addition to the adverse health effects that result directly from excessive alcohol
consumption, AUDs often co-occur in individuals who abuse other drugs, in people with
psychiatric disorders, and in people who smoke tobacco. An estimated 90% of cocaine
addicts have alcohol problems and as many as 60% of patients at community mental health
centers have co-morbid alcohol and other drug abuse disorders. Individuals diagnosed with
severe mental illness are more likely to experience a co-occurring substance abuse disorder.
For example, women with bipolar disorder are 7 times more likely to be alcohol dependent
than women without psychiatric diagnoses. Research on individuals who smoke and drink
shows an estimated 50% to 90% of alcohol dependent individuals are heavy smokers who
become more addicted to nicotine and are less successful at quitting smoking than other
smokers. This puts them at a high risk for certain cancers and cardiovascular diseases that
develop more readily in the presence of both alcohol and nicotine.
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Disease Burden

Excessive alcohol consumption often leads to adverse health effects and medical conditions,
resulting in significant economic and public health burdens to our society. These medical
conditions include addiction as well as alcohol-induced organ damage such as liver disease
(hepatosteatosis, inflammatory disease, alcoholic hepatitis and cirrhosis), pancreatitis,
cardiomyopathy (disease of the heart muscle), fetal abnormalities, and brain damage.
Excessive alcohol use is also associated with an increased risk for some types of cancer.
According to the Centers for Disease Control and Prevention, excessive alcohol consumption
is the number-three cause of preventable death in the U.S., after tobacco and diet/activity
patterns. The World Health Organization also ranks alcohol third among preventable risk
factors for premature death in developed nations, after tobacco and hypertension. Problems
related to the excessive consumption of alcohol cost U.S. society an estimated $185 billion
annually due to lost productivity, medical costs and other factors.

Rationale

Characterization of variations in gene expression patterns will provide information about
how alcohol alters gene expression and will improve understanding of the mechanisms that
underlie alcohol-induced disorders. The aim of this goal is to identify signature gene
expression patterns that are associated with alcohol-induced disorders using peripheral
tissues from individuals with and without AUDs. The rationale is three-fold. (1) Gene
expression profiling is a global approach that can capture the complexity of AUDs and
provide signature gene expression patterns associated with the susceptibility, initiation,
progression, and pathogenesis of these disorders. (2) A critical barrier for the translational
research of alcohol-induced disorders is the unavailability of diseased tissues, such as brain
samples from living human subjects with AUDs. The proposed studies on peripheral tissues
or cell lines derived from lymphoblastoid cells, a type of immortalized white blood cell, from
individuals with AUDs offer a potential solution for this problem. Immortalized cell lines
consist of cells that replicate indefinitely when maintained under proper culture conditions.
These cell lines provide an unlimited, renewable resource for a wide range of studies and
offer the ease of experimental standardization and manipulation. Currently, there are over
145,000 immortalized lymphoblastoid cell lines available from NIH-funded cell line
repositories, including cell lines derived from individuals with AUDs, and a large amount of
clinical, behavioral, and genetic data is available. (3) Immortalized lymphoblastoid cell lines
and peripheral tissues have been increasingly utilized successfully to identify gene
expression signatures associated with complex diseases, such as autism, schizophrenia, drug
dependence, and obesity, especially for those research areas where diseased tissue from
patients is not available.

PERFORMANCE ANALYSIS
Target Context and Conditions
NIH plans to use immortalized lymphoblastoid cells and/or peripheral tissues from human
subjects to identify gene expression signatures that are associated with the susceptibility,
initiation, progression, and pathogenesis of alcohol-induced disorders. This goal will be
achieved through a strategy implemented in four stages. In the planning stage, a workshop
titled “Gene expression in immortalized cell lines: toward standardizing methodologies for
GxE interaction studies” will address various technical issues, including experimental
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standardization and manipulations of immortalized cell lines. Based on the outcome of the
workshop and further input from the alcohol research community and extramural staff, a
Request for Applications will be developed and issued. In the second stage of this project,
funded laboratories will coordinate efforts to standardize cell culture procedures and some
aspects of experimentation and data analysis. In the third stage, signatures will be obtained
in immortalized lymphoblastoid cells for one alcohol-induced disorder. These signatures
will be then validated using different groups of human subjects. In the last stage of this
project, the signatures will be obtained for additional alcohol-induced disorders, and then
validated in different groups of people.
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SRO-2.1 By 2015, evaluate islet transplantation in combination with immune modulation strategies
for the treatment of type 1 diabetes in clinical trials.

BACKGROUND
Prevalence/Incidence
Type 1 diabetes is an autoimmune disease in which the immune system attacks and destroys
the insulin-producing islets of the pancreas. Approximately, 120,000 people with type 1
diabetes are younger than 20 years of age, making this one of the most common chronic
diseases of childhood. Approximately, 30,000 new cases occur each year, the majority with
onset in early childhood and the teenage years; approximately 1 in 300 cases of diabetes with
onset in adulthood is autoimmune in origin.

Disease Burden

Type 1 diabetes is a chronic, lifelong disease characterized by elevations in blood sugar that,
over time, may lead to severe and life-threatening complications, including heart disease,
blindness, peripheral neuropathy, foot ulcers, and kidney failure. Treatment of type 1
diabetes requires insulin administration through multiple daily insulin injections or use of an
insulin pump and careful attention to diet and activity; blood sugar levels must be measured
several times a day. However, even with careful attention to insulin dosing, the most
medically compliant patients are rarely able to maintain “tight” or physiologic control of
their blood sugar. As a result, existing treatments can delay and diminish, but not prevent,
many of the complications of diabetes. Even with careful attention to control of blood sugar,
type 1 diabetes results in a reduction in quality of life and leads to premature death.

Rationale

Whole-pancreas and pancreatic islet transplants offer individuals with type 1 diabetes the
potential for physiologic control of blood sugar as an alternative to insulin therapy. Whole-
pancreas transplantation is associated with significant morbidity and even death around the
time of the operation; whereas, islet transplantation is associated with considerably less
morbidity and has not been associated with death in the peri-procedure period. In islet
transplantation, clusters of cells from the pancreas called islets are isolated from a donor
pancreas and injected into a large blood vessel that drains into the liver. The transplanted
islets lodge in the liver where they produce insulin. Until recently, the intermediate and long-
term success of this procedure has been disappointing: of the more than 300 islet transplants
performed over a decade, fewer than 10 percent of patients remained insulin independent one
year after the procedure. However, recent advances in pancreatic islet cell preparation and
improvements in immunosuppressive regimens that are required to prevent transplant
rejection have dramatically improved the prospect for islet transplantation. If these results are
confirmed in larger, multi-site studies, approximately 40 to 50 percent of type 1 diabetics can
be expected to remain insulin independent two years following islet transplantation. Despite
these advances, there is a progressive diminution in function of the transplanted islets with
current approaches, and patients must remain on potent immunosuppressive drugs to prevent
immune-mediated rejection of the transplanted islets. Immunosuppressive agents increase the
risk of serious infection, kidney damage, hypertension, and cardiovascular disease.
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The successful induction of immune tolerance is a major therapeutic goal for the treatment of
many immune-mediated diseases, including autoimmune disorders such as type 1 diabetes. If
successful, tolerance induction would enable life-long maintenance of islets in the absence of
the drugs currently used to prevent rejection of the transplanted cells by the host immune
system, many of which have deleterious side effects and associated toxicities.

Clinical and basic research conducted over the last several years through the NIH-funded
Immune Tolerance Network (ITN) and elsewhere has increased our understanding of the
mechanisms of immune tolerance, and some initial “proof of concept” trials in highly
selected patient populations have been successful. Nevertheless, subsequent trials of
tolerance-inducing agents in people with autoimmune diseases other than type 1 diabetes
indicate that the agents used are unlikely to induce total tolerance in patients with type 1
diabetes who received islet cell transplantation.

The scope of research relevant to this goal as originally written has been expanded to include
multiple avenues of immune modulation research. The goal of immune modulation research
is the selective modulation of the immune system through the inhibition of harmful immune
responses while keeping protective ones intact. For example, in transplantation, donor-
specific immune modulation — a selective blockade of immune responses directed against
the graft — could enable long-term graft survival without or with less toxic systemic
immunosuppressive therapy. In asthma and allergic diseases, the goal of immune modulation
research is the development of methods to inhibit immune responses to allergens. In
autoimmune diseases, the goal of immune modulation research is the inhibition of the
immune responses that cause the body to mistakenly attack its own organs, tissues, or cells.
Tolerance induction is one of the multiple immune modulation strategies that could
potentially improve the safety and long-term success of islet cell transplantation in people
with type 1 diabetes.

PERFORMANCE ANALYSIS
Target Context and Conditions
During FY 2005-07, the Clinical Islet Transplantation (CIT) Consortium investigators
focused on: (a) the development of clinical protocols and a manufacturing batch record, (b)
submission of protocols to health authorities, (¢) completion of clinical trial agreements
with industry partners, and (d) solving unforeseen problems that emerged regarding
acquisition of raw materials and reagents for islet manufacture. During FY 2008-10, the
targets are to initiate and complete enrollment in the CIT clinical trials.

The CIT is conducting 2 types of trials: (1) Phase II pilot studies of innovative interventions
and (2) Phase III studies of consensus procedures. For the pilot studies, goals over the next
three years will be: 1) to identify and terminate studies in which the intervention is
demonstrably unsafe or less effective than consensus therapy, and 2) to continue enrolling
patients in all the other studies. For those studies that achieve complete enrollment, the
primary endpoint data are expected to be available for analysis in FY 2011. For the Phase
III studies, the primary endpoint data will be available for analysis in FY 2012 with the
caveat that the appropriate number of patients is enrolled in each trial.
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Keys to achieving these goals will be:
1. Timely enrollment at all sites: enrollment will be monitored on a monthly basis, and
impediments to enrollment will be identified and eliminated as necessary and possible.

2. Timely and accurate entry of data into the study database: all clinical sites will be
monitored and where problems are identified, appropriate training/remediation procedures
will be implemented.
3. Maintenance of regulatory compliance: all CIT studies are carried out under IND #9336,
which is held by NIH.
4. Assurance of uninterrupted availability of the reagents and raw materials needed for islet
manufacture: the CIT investigators and NIH will continue to evaluate alternate sources of
these materials, and work with the FDA to determine where substitutions are possible

without jeopardizing the integrity of the studies.

Baseline 2008
e (FYO07) Zero subjects accrued in each trial.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) NIH (MET) Uniform Develop 2 clinical ~ [(MET) Seven Initiate enrollment of|((MET) NIH initiated |Continue enrollment
submitted a response [cGMP protocols. clinical protocols individuals who enrollment of into all trials, to
to the FDA manufacturing were developed. have type 1 diabetes |individuals in five [reach target

addressing safety
concerns about anti-
CD3 antibody. The
FDA removed the
clinical hold on
April 29, 2005.

process for
preparation of
pancreatic islet cells
across CIT centers
was developed.

and who have severe
hypoglycemic
episodes and
hypoglycemia
unawareness into
two Phase II clinical
trials and one Phase
111 clinical trial to
evaluate the
effectiveness of islet

transplantation.

Phase III clinical
trials and two Phase
11T clinical trials to
evaluate the
effectiveness of islet
transplantation.

enrollments.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was MET and EXCEEDED as evidenced by enrollment of >100 subjects
for assignment into the seven trials, with assignment to occur at the time that a pancreas
becomes available.

“Peritransplant Deoxyspergualin in Islet Transplantation in Type 1 Diabetes” is a
Phase II clinical trial. The purpose of this study is to assess the safety and efficacy of
deoxyspergualin, an immunosuppressant drug, on post-transplant islet function in
people with Type 1 diabetes who have not responded to intensive insulin therapy.

“LEA29Y (Belatacept) Emory Edmonton Protocol (LEEP)” is a Phase II clinical trial.
The purpose of this study is to determine the safety and effectiveness of islet
transplantation, combined with immunosuppressive medications, for treating Type 1
diabetes in individuals experiencing hypoglycemia unawareness and severe
hypoglycemic episodes.
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e “Islet Transplantation in Type 1 Diabetes” is a Phase III clinical trial. The purpose of
this study is to determine the safety and effectiveness of islet transplantation,
combined with immunosuppressive medications, for treating Type 1 diabetes in
individuals experiencing hypoglycemia unawareness and severe hypoglycemic
episodes.

e “B-Lymphocyte Immunotherapy in Islet Transplantation” is a Phase II clinical trial.
The purpose of this study is to determine the safety and effectiveness of islet
transplantation, combined with the immunosuppressive medications and medications
to support islet survival for treating Type 1 diabetes in individuals experiencing
hypoglycemia unawareness and severe hypoglycemic episodes.

o “Efficacy of Islet After Kidney Transplantation” is a Phase III clinical trial. The
purpose of this study is to compare the safety and effectiveness of islet transplantation
versus intensive insulin treatment (ITT) for treating Type 1 diabetes in patients who
have received kidney transplants.

e “Strategies To Improve Islet Survival” is a Phase II clinical trial. The purpose of this
study is to determine the safety and effectiveness of islet transplantation, combined
with immunosuppressive medications and medications to support islet survival, for
treating Type 1 diabetes in individuals experiencing hypoglycemia unawareness and
severe hypoglycemic episodes.

e The seventh clinical trial, entitled “Open Randomized Multicenter Study to Evaluate
Safety and Efficacy of Low-Molecular Weight Sulfated Dextran in Islet
Transplantation,” is in the process of being submitted to http://Clinical Trials.gov.
The primary purpose of this study is to evaluate the safety and efficacy of Low
Molecular Weight Dextran Sulfate to enhance engraftment and prevent Instant Blood
Mediated Inflammatory Reaction in islet transplantation to Type 1 diabetic subjects.

Advances or Other Highlights

In FYO07, CIT investigators in Sweden completed a Phase I clinical trial of the agent Low
Molecular Weight Sulfated Dextran. The data from this study is the basis for the safety and
dosing parameters in the seventh clinical trial described above. In FY08, A second
collagenase enzyme, Vitacyte, was qualified for use in the CIT islet manufacturing
procedure. More information on the CIT trials and recruitment of study subjects can be found
at http://www.ClTisletstudy.org.

Efficiency

As the Consortium developed five additional innovative clinical trials in the interest of
moving the field of islet transplantation forward, NIH was able to begin enrollment in all
seven trials.
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SRO-2.2 By 2009, evaluate the efficacy of two novel approaches to prevent weight gain and/or treat
obesity in clinical trials in humans.

BACKGROUND
Prevalence/Incidence
The number of overweight and obese Americans has risen dramatically in the past two
decades and is now at epidemic levels.

e Approximately 66 percent of U.S. adults are overweight or obese; more than 32
percent of U.S. adults are obese.

e About 17.1 percent of children and teenagers ages 2 through 19 are overweight, with
ominous implications for our Nation's future health.

e Racial and ethnic minority populations are disproportionately affected by obesity,
particularly African American, Hispanic American, and American Indian women and
children.

Disease Burden

Obesity is associated with numerous serious diseases, including type 2 diabetes, heart
disease, stroke, osteoarthritis, gallstones, breathing problems, and certain cancers. Type 2
diabetes, formerly viewed as a disease of older adults, has been increasingly reported among
children. This alarming trend is thought to be a consequence of increased obesity along with
decreased physical activity. In addition to the negative impact on quality of life and the
increased risk of premature death, overweight and obesity exact enormous economic costs. In
2000 costs associated with obesity were estimated to be $117 billion.

Rationale

Overweight and obesity develop when energy intake (food calories) exceeds energy
expenditure. Although genetic factors may contribute substantially to the predisposition for
obesity, the recent dramatic increase in obesity prevalence is clearly fueled by environmental
and behavioral changes interacting with genetic susceptibility. Results from the NIH-funded
Diabetes Prevention Program (DPP) clinical trial demonstrated a substantially reduced
incidence of type 2 diabetes in a high-risk population using an intervention that combined
moderate weight loss and exercise; however, these modest lifestyle changes required
intensive individual behavioral intervention. In addition, the efficacies of different types of
diets for weight loss and maintenance have not been compared in adequately powered trials
of sufficient duration. Thus, the achievement of the goal of obesity prevention may be
benefited greatly from new approaches to modify factors pervasive in the environment that
promote overconsumption of food and sedentary lifestyles, complemented by additional
research on strategies to help individuals achieve and maintain behavior changes.

For people who are extremely obese, expected weight loss from behavior change alone may
not be sufficient to have a major impact on health. Bariatric surgical procedures, which
restrict stomach size and/or lead to decreased absorption of nutrients, are being increasingly
performed to treat severe obesity. These procedures can have dramatic benefits but also carry
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substantial risks. Coordinated clinical research on this surgery will enhance patient
evaluation, selection, and follow-up care and may also lead to improved understanding of
factors underlying the development of obesity, leading to new strategies for prevention and
treatment. Finally, the continued elucidation of the molecular factors and pathways
responsible for appetite regulation, metabolism, and energy storage offers rich prospects for
the development of new drugs that will promote safe and effective long-term weight loss.

A major goal of NIH-funded research is to develop and evaluate strategies to prevent obesity
and promote sustained weight loss among individuals who are overweight or obese. In
addition to mechanisms falling within the three broad approaches to weight regulation just
described, evaluation of other as yet unknown strategies may also be necessary to achieve
success in meeting the goal. If successful, the approaches would decrease the risk of life-
threatening diseases that accompany excess weight and also would reduce the social and
economic costs of obesity.

PERFORMANCE ANALYSIS
Target Context and Conditions
Because of the complexity of factors associated with weight gain and obesity and the high
risk of a goal of evaluating novel approaches to prevent weight gain and/or treat obesity,
NIH is pursuing multiple strategies toward achieving this goal. Several of these are relevant
to lifestyle modification; others are related to pharmacologic and other medical
interventions.

NIH is exploring five or more lifestyle-based approaches to obesity prevention, including
behavioral or environmental interventions, in settings such as schools, communities, and
homes; in addition, seven studies are evaluating the effects on weight control of worksite
interventions that include environmental components; and at least six studies are evaluating
the effects of interventions delivered in primary care settings to treat and/or prevent obesity
in children and adults. Because maintenance of weight loss is a critical yet particularly
difficult element of obesity treatment and prevention, NIH is investigating novel ways to
help individuals who have intentionally lost weight to keep the weight off. Specifically, the
Weight Loss Maintenance Trial compared three different strategies for maintaining weight
loss among persons who are successful in losing a targeted amount of weight over the short
term. Complementing these areas of investigation relevant to lifestyle interventions is
research to evaluate the efficacy of different types of diets and physical activities.
Specifically, a study is being conducted to compare the Atkins diet with a conventional
weight loss diet as to long-term effects on weight and other health parameters. In addition,
pharmacotherapeutic strategies are being evaluated for their ability to enhance weight
maintenance and/or to reverse the physiological compensatory mechanisms in response to
weight loss that may contribute to weight re-gain.

Research on the effects of bariatric surgical procedures designed to restrict food intake in
adults and adolescents who are seriously obese may increase the understanding of appetite
and metabolism and thus inform the development of new prevention or treatment strategies
for obesity. With respect to currently available medications, NIH has fully recruited two
clinical studies to investigate the effects of two different pharmacologic agents, either alone
or in combination with behavior modification, on the treatment of obesity among children
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or adolescents. Finally, genetic and other studies in humans and animal models should
reveal at least two new potential targets for drug discovery efforts; such targets could
include signaling molecules or pathways that influence appetite or energy expenditure.

More broadly, the NIH is implementing the multidimensional research agenda of its
Strategic Plan for NIH Obesity Research. Developed by the NIH Obesity Research Task
Force with crucial input from external scientists and the public, the Strategic Plan,
published in August 2004, serves as a guide for coordinating obesity research activities
across the NIH and for enhancing the development of new research efforts. The NIH is
supporting a spectrum of initiatives consistent with the recommendations of the Strategic
Plan; these initiatives complement the NIH’s strong portfolio of investigator-initiated
obesity research. Additionally, the NIH continues to work with the external community on
efforts to advance obesity research progress.

Baseline 2008
e (FYO06) Few trials have adequately tested the effects of diets differing in macronutrient

composition.
FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) NIH (MET) Two hundred [Develop and launch [(MET) Four new Complete delivery of|(MET) Delivery of [Complete goal of
scientists succeeded |forty ethnically- at least three new clinical trials were  |the 2-year the 2-year evaluating the
in enrolling 73 diverse pre- clinical trials to test [developed and interventions being [interventions being [efficacy of two novel

children in a study to
test the hypothesis
that metformin is
superior to placebo
for the treatment of
overweight children
ages 6 to 12 years.

adolescent girls were
enrolled and
randomized to test
the efficacy of an
after school dance
program in reducing
weight gain.

the effectiveness of
intervention
programs delivered
in primary care
practices to treat
and/or prevent
obesity in children.

launched to test the
effectiveness of
intervention
programs delivered
in primary care
practices to treat
and/or prevent
obesity in children.

tested in the
preventing obesity
using novel dietary
strategies (POUNDS
Lost) clinical trial,
which is comparing
four diets of
different
macronutrient
composition for their
effects on weight
loss and weight loss
maintenance in
overweight and

obese adults.

tested in the
POUNDS Lost trial
has been completed.

approaches to
prevent weight gain
and/or treat obesity
in clinical trials in
humans.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FYO08 target was MET. Delivery of the 2-year interventions being tested in the POUNDS
Lost trial has been completed. All data collection for the trial was completed in January
2008. Results of the study are expected to be reported in FY 2009. The purpose of this study
is to test the effectiveness for weight loss and weight maintenance of four diets differing in
macronutrient composition: moderate in fat (40 percent energy) with two different protein
levels (15 percent and 25 percent), and low in fat (20 percent energy), also with 15 percent
and 25 percent protein levels.

Advances or Other Highlights
Three papers on the main results of the Weight Loss Maintenance Trial have now been
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published. The Weight Loss Maintenance Randomized Trial found that adults who lost
weight in a six-month lifestyle change program were able to keep more of the weight off for
two years with brief, monthly personal counseling compared to a self-directed group. A web-
based intervention also helped participants sustain their weight loss, but the benefit waned
during the last six months of the trial. Investigators have provided data on a model of weight-
reduced state as one of relative leptin deficiency.

Efficiency

Recruitment for the POUNDS Lost trial was completed 6 months early allowing the delivery
of the 2-year interventions to be met early as well. This is a significant accomplishment for a
Randomized Clinical Trial.
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SR0O-2.4 By 2009, develop and test multidisciplinary biobehavioral interventions to
prevent/attenuate disease- and treatment-related symptoms such as pain, fatigue, and
psychological distress to reduce related symptom burden and to increase functional status
and quality of life.

BACKGROUND
Across a wide range of acute and chronic disease and treatments, symptoms such as pain,
fatigue, and psychological distress may arise and have an impact on the health outcome of
the patient. Symptoms may impact patients in several ways: (1) symptoms may cause
patients to reduce or abandon treatment, (2) symptoms may cause psychological distress, and
(3) symptoms may contribute to the overall disease burden while decreasing both the
functional status and the quality of life for the patient. These effects of disease- and
treatment-related symptoms play an important role in health outcomes.

Disease- and treatment-related symptoms such as pain, fatigue, and psychological distress are
common for diseases/conditions including cancer, acquired immune deficiency syndrome
(AIDS), graft versus host disease and others. For example, persons undergoing certain
chemotherapy or allogeneic bone marrow transplantation may develop stomatitis, an
inflammation of the lining of the throat and mouth that may lead to ulcerations, mouth and
throat pain, and decreased quality of life. Behavioral factors related to symptom burden also
affect functional status and quality of life. Examples of behavioral factors include
interventions used by patients and families to treat and manage physical and/or other issues
resulting from symptoms. The investigation of biological mediating factors, as well as
behavioral factors, need to be elucidated to provide the rationale for testing interventions
targeted at increasing functional status and quality of life.

Newly established research programs addressing potential interventions of disease- and
treatment-related symptoms are underway by NIH-supported scientists. Research efforts
include studies of cancer treatment-related complications and associated pain, as well as
symptom distress/quality of life. Through research of symptoms, NIH-sponsored scientists
are identifying additional strategies to improve health outcomes.

Rationale

Elucidating interrelationships among the components of symptom experience, symptom
management strategies, and symptom outcomes related to acute and chronic
diseases/conditions and associated treatments is critical to providing appropriate preventative
and treatment-related health care. The symptoms patients experience are often the first
indicator of treatable disease, may signal disease progression, and/or may prevent optimal
treatment. Understanding the biological basis or mechanisms of symptoms is a critical first
step to developing and testing scientifically sound interventions that address the cause of the
symptoms. NIH-supported scientists are capable of performing research investigations,
including clinical trials, to develop interventional or therapeutic strategies targeted at
improving the patient's health status and quality of life.
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PERFORMANCE ANALYSIS

Target Context and Conditions

NIH-supported scientists are addressing disease- and treatment-related symptoms that are
common for diseases/conditions. The following implementation strategies or steps have
been identified to provide the basis for achieving the goal: (1) forming at least one
collaboration that addresses either the biological mechanisms of pain, fatigue, or
psychological distress or related potential therapeutic intervention(s); (2) identifying results
from at least one study of symptom distress/quality of life; (3) identifying results of clinical
trials addressing cancer treatment-induced oral complications and associated oral pain; and
(4) evaluating two interventions for reducing pain, fatigue, or psychological distress in
patients undergoing treatment for cancer or other illness/chronic disease. As both time and
science advance, other implementation strategies or steps may be identified and employed

to achieve the goal.

Baseline 2008
e (FYO06) Potential strategies for reducing symptom burden of patients with a chronic
disease/illness identified.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) One (MET) Results from |Contribute to the (MET) Two studies |Evaluate two (MET) Researchers |Complete the goal of]
intramural one study of identification of on the evaluation of [interventions for completed two developing and
collaboration was  [symptom potential interventions to reducing pain, studies that testing
established. distress/quality of  [interventions for reduce pain and fatigue, evaluated multidisciplinary
life were identified. |treatment-related other symptoms in  |psychological interventions for biobehavioral
oral complications [patients undergoing [distress, or other reducing pain. Both [interventions to
and associated pain [treatment for cancer [symptoms in patients|studies explored the |prevent/attenuate

by analyzing the
results of two (2)
clinical research
protocols relevant to
cancer treatment.

were completed.

undergoing
treatment for cancer
or other
illness/chronic
disease.

biological
mechanisms of
analgesia in oral
surgery models of
acute pain.

disease- and
treatment-related
symptoms such as
pain, fatigue, and
psychological
distress to reduce
related symptom
burden and to
increase functional
status and quality of
life.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was MET. Researchers completed two studies that evaluated
interventions for reducing pain. Both studies explored the biological mechanisms of
analgesia in oral surgery models of acute pain. In one study, scientists examined the
mechanisms of two pain-reducing drugs, ketorolac and rofecoxib. Both of these drugs are
nonsteroidal anti-inflammatory analgesics (NSAIDs) that are thought to reduce pain and
inflammation by inhibiting cyclooxygenase, or COX, enzymes. Researchers compared
expression levels of several proteins and their related genes in patients who had been treated
with one of the two drugs to patients who not received either drug. The study examined
tumor necrosis factor-a (TNF-a), a protein that plays an important role in inflammation. Its
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expression is regulated by several biological factors, including COX, phosphodiesterase
(PDE), and cyclic adenosine monophosphate (cAMP). Researchers found that neither drug
had any effect on TNF-a gene expression. However, both of the drugs significantly reduced
gene and protein expression of phophodiesterase type 4(PDE4D). This finding indicates a
novel mechanism which may contribute to the analgesic and anti-inflammatory effects of
these two COX-inhibiting drugs.

In a second study, researchers explored genetic mechanisms that could explain why some
individuals respond differently to pain-reducing drugs than others. The molecular
mechanisms that underlie pain vary among individuals over time and among different types
of pain to produce wide inter-individual differences in pain perception and responses.
Gender, ethnicity, temperament, and genetic factors, for example, contribute to individual
variation in pain sensitivity and responses to analgesics. Testing a relatively small genomic
region with a few hundred single nucleotide polymorphisms (SNPs) provides limited
information. However, genome wide association studies (GWAS) provide an opportunity to
overcome the limitations of candidate gene association studies. Using the GWAS approach,
researchers identified a candidate SNP that was associated with responses to the pain
reducing drug ketorolac. This SNP is involved with a gene that codes for a zinc finger
protein, a type of protein that binds to DNA. This study suggests that genetic variations in or
near genes that encode DNA binding proteins or protein interaction mediators play a role in
clinical responses to analgesic drugs. These observations also suggest that differences in the
way individuals respond to analgesic drugs may be induced by variations in genes that
modulate DNA transcription.

Research remains ongoing to develop and test interventions for reducing symptom burden
caused by symptoms such as acute pain. The two studies discussed here improve our
understanding of the biological mechanisms that underlie pharmacological interventions such
as NSAID analgesics. Future research will continue to provide a better understanding of the
pain-reducing mechanisms of this widely used class of drugs and could lead to the
development of more effective analgesics and better symptom management for patients
experiencing pain.
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SRO-2.5 By 2011, identify and evaluate 5 novel molecular-targeted interventions for cancer, and
determine suitability for use in early phase clinical trials.

BACKGROUND
Prevalence/Incidence
Cancer is the second leading cause of death in the United States and the economic cost of
cancer in 2005 has been estimated at over $200 billion. Although significant progress has
been made toward reducing the burden of cancer in America, one of every four deaths is due
to cancer. It is estimated that in 2007 there will be about 1,444,920 new diagnoses of
invasive cancer and 564,830 Americans will die of cancer.

Recent advances in the molecular pathogenesis of cancer offer unprecedented opportunities
to discover and develop novel, molecularly targeted therapeutic and preventive strategies and
agents. The challenge is the definitive validation of human cancer-pertinent molecular
targets. The NIH is identifying and characterizing new molecular targets important in cancer
processes, diagnostics, and therapeutics. The NIH is facilitating moving novel discoveries
through the development process to develop new cancer therapies by supporting the pre-
clinical development of promising molecularly targeted lead compounds.

Rationale

Discovering new molecular targets through a strong basic science program will accelerate the
selection and development of new treatment regimens for further validation in in vitro
studies, preclinical models, and early phase clinical trials. By targeting specific genetic
alterations that occur in cancer cells, more effective therapies can be developed to attack
tumor cells while normal cells remain unharmed. This will lead to the management of cancer
as a chronic condition and enhance the quality of life of cancer patients.

PERFORMANCE ANALYSIS
Target Context and Conditions
The NIH plans to identify 5 novel molecular-targeted interventions for cancer. Once the
interventions have been identified, a number of approaches will be taken to assess the
suitability of these agents for early phase clinical trials. Achievement of this goal is
conditional on receiving the requested levels of funding.

The agents will be evaluated using in vitro assays well in advance of early phase clinical
trials. These assays aim to develop an understanding of the biochemical and physiological
effects of a drug and how it affects cancer cell growth and division in culture.

Following in vitro testing, the agents will be tested in animal models that most appropriately
recapitulate the human cancers. Such tests will validate the targets and demonstrate drug

target effect in preclinical models and/or in human tissue prior to initiating the clinical trial.

A molecular toxicology profile of novel agents will be developed. The NIH will develop
and authenticate a variety of tests well in advance of human studies, so they can be used in
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early phase trials to provide information about the safety and efficacy of the agents being

tested.

Using the science-based evidence collected in the previous steps, the suitability of these
agents for evaluation in early phase clinical trials will be determined.

Baseline 2008

e (FYO07) Novel targets have been identified.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
Identify two novel [(MET) NIH Evaluate two

targeted cancer
interventions.

investigators targeted

identified two novel |interventions using
targeted cancer preclinical testing.
interventions,
indenoisoquinolines
and 111In-
Herceptin®.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FYO08 target was MET. NIH investigators identified two novel targeted cancer
interventions; 1) indenoisoquinolines and 2) 111In-Herceptin®. Indenoisoquinolines have
been identified as a novel class of cytotoxic molecules that exert their biological affects by
inhibiting topoisomerase I, a protein essential for transcription and replication. 111 Indium
CHX-A’ ¢ DTPA Trastuzumab (111In Herceptin®) is a novel imaging agent that may
facilitate the detection of certain types of cancer using a non-invasive approach.

Advances or Other Highlights

NIH investigators are pursuing the use of a class of compounds called indenoisoquinolines,
derived from camptothecin, as anti-cancer agents. One advantage of this new class is that the
compounds are more chemically stable than camptothecin. Indeniosiquinolines specifically
target topoisomerase I (Top 1). Specifically, two indeniosiquinoline small molecules have
been identified. Encouraging results in preclinical research studies are setting the stage for
testing in the early phase clinic trial setting. NIH investigators have successfully identified a
histone gamma-H2AX assay to assess whether the indeniosiquinolines have successfully
inhibited Topl. This assay is a critically important component to assessing whether the agent
has "hit its target" with gamma-H2AX serving as a sensitive biomarker.

NIH investigators are currently developing a radiolabeled imaging agent (111In Herceptin®).
Preliminary data demonstrates the feasibility of using 111In Herceptin® as a tumor-targeted
monoclonal antibody probe for multimodality imaging. Potential uses of imaging agents
targeting epithelial growth factor receptors (EGFRs) include more accurate sampling of
tissue, patient selection for drug trials, monitoring of therapies directed at EGFR or its
downstream clients which impact EGFR expression, developing immuno-conjugates for
delivering specific drug therapy and radioimmunotherapy in which therapeutic isotopes are
attached to the antibody. Recognition of the role of EGFRs in the growth and progression of

38




tumors has had widespread implications for cancer treatment. Imaging represents a
potentially important avenue of research because of its non-invasive nature and can assist in
making better decisions about treatments. Imaging techniques can help doctors find cancer,
tell how far cancer has spread, guide delivery of specific treatments, or find out if a treatment
is working.
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SRO-2.6 By 2011, develop one field deployable sensor device for use in human studies and develop
one biomarker to characterize the impact of environmental exposures on biological
pathways.

BACKGROUND
Substantive evidence exists to support the concept that common human diseases, such as
asthma, cardiovascular disease, and cancer, arise from a complex interplay between genes
and environmental factors, including chemical toxicants and biological toxins. It follows that
to understand important gene-environment interactions in these diseases, it is necessary to
understand both the genetic component and the environmental component. With the human
genome project, the ability to link the genetic component of human health and disease is
rapidly progressing. The environmental component, however, is lagging, due in large
measure to an inability to accurately measure exposures and to define the early biological
consequences of those exposures.

There are currently two ways by which exposures are measured or tracked:

e Measures of what is in the environment as revealed by toxic waste reporting, air
monitoring, or water assessments. These measures, however, cannot show what actual
amounts of an environmental component are being taken into an individual's body.

e Individual exposure (body burden) data, such as those provided by the National
Health and Nutrition Examination Survey. These data, however, have limitations for
large studies both because it requires expensive blood work and because the
measurement is but a single "snap shot" in time; whereas real-world exposures and
the consequences of these exposures play out over a long period of time.

To move the field forward in a way that links gene-environment interactions with human
health outcomes, improvements are needed in exposure assessment technology. These
improvements would involve:

e Personalized exposure monitoring systems;

e Nano-scale sensing technologies that monitor personal exposures over time;

e Molecular profiling technologies that would assess important underlying biological
responses to exposure such as changes in gene expression, protein levels, or
metabolite formation.

The Genes, Environment and Health Initiative (GEI) aims to accelerate the understanding of
genetic and environmental contributions to health and disease. It has two components: the
genetic component which focuses on identifying major genetic susceptibility factors and the
environmental component which focuses on development of innovative techniques to
measure environmental exposures, diet, physical activity, psychosocial stress, and addictive
substances that may contribute to development of disease. This goal addresses the second
effort, the Exposure Biology Program (EBP), which will create new ways to assess exposures
that may be used in studies which capture information about susceptibility across the entire
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genome. Optimally, using new bioengineering approaches, exposures that an individual
comes in contact with will be measured more accurately during critical time points. This
program will also develop ways to measure an individual's response to these exposures using
new molecular technologies. It is envisioned that these methods will provide measures of
personal exposure that are quantitative, precise, reliable, reproducible, and that can be scaled
up to implement in large population studies in the near future.

Rationale

The Exposure Biology Program (EBP) arose from the recognition that current methodologies
for detection and measurement of the actual exposure sustained by a human or other
organism are often limited in the number of analytes detected and the temporal, spatial, and
quantitative resolution of the measurements. This is in contrast to the robust tools employed
in the fields of genetics and genomics. In order to advance understanding of the gene-
environment interactions underlying the majority of human disease, scientists must have
personalized measures of environmental exposures and stressors that are equivalent in
precision to current technology for measuring genetic variability. Fortunately, the increasing
sophistication of research tools for understanding the biological pathways involved in host
response to a given exposure provides new knowledge that can be applied to the development
of improved methods for detecting and measuring environmental exposures and stressors.
Ultimately, the information and tools generated by the EBP will be used to generate a better
understanding of gene-environment interactions in disease etiology that can translate into
improved health care and early, more effective, interventions.

PERFORMANCE ANALYSIS
Target Context and Conditions
The goals of the 4-year reporting period are to refine or enhance current technologies to
improve detection or analysis of environmental exposures, and to identify and characterize
pathways of response for important environmental exposures. Robust biomarkers are
needed that can be reliably detected in easily obtained biological samples that reflect
biological responses to environmental stressors in human population studies. This involves
a continual effort by the investigators over the reporting period.

Existing technologies are being adapted to detect analytes and identify biomarkers to
improve the capabilities of exposure assessments. Currently, existing sensor technologies
are focused on individual analytes with little temporal and spatial resolution as opposed to
‘real world’ environmental exposures. Similarly, biomarkers used in current studies are
limited by a focus on individual gene or protein expression changes in the absence of
information on pathway behavior. These sensor and biomarker discovery methods have
many known limitations such as misclassification error, individual variability, temporal
uncertainty, and sequential inaccuracy. These limitations in exposure assessment
methodologies have produced conflicting data and hampered our ability to prevent, predict,
and treat disease.

To overcome the known limitations of current technologies, enhancement and then

validation are critical. In FY08 and FY09 the NIH will test sensor devices and biomarker
profiles in laboratory settings, which will set the stage for later validation in larger
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populations. In FY'10 sensors and candidate biomarkers will undergo benchmark testing
prior to population level analyses.

Baseline 2008

o Assessments of environmental exposures or biological response on a pathway level are

inadequate.
FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
Refine current (MET) Refined Enhance current
technologies to colorimetric array  [technologies to
demonstrate analyte |technology to allow detection of

specificity and
sensitivity in
benchtop assays, and
identify pathways of
response for
important
environmental
exposures

improve specificity
and sensitivity in
detecting and
measure toxic
exposures.
Characterized lung
cell response
pathways to cigarette
smoke exposure, and
blood cell response
pathways to
carcinogens.

multiple analytes,
and use novel
technologies to
characterize the
response in
biological pathways
to environmental
exposures

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was MET. NIH researchers refined colorimetric technology to improve
analyte specificity and sensitivity, and research lung and blood cell responses to
environmental exposures. Researchers have demonstrated the ability of a colorimetric array
of nanoporous pigments to detect, identify and quantitate potentially toxic environmental
exposures specifically a family of aliphatic amines, such as butylamine which is used in the
manufacture of pesticides. Aliphatic Amines are non-aromatic organic compounds and
functional groups that contain a basic nitrogen atom with an unshared electron pair. In this
study, the researchers found that nanospheres synthesized from nanoporous pigments
respond with specific changes in color, which can be monitored by changes in absorbance in
red, green, and blue wavelengths. An array of 36 distinct such elements is capable of
specifically detecting 11 closely related aliphatic amines which are known to be toxic
industrial chemicals. The patterns of array response are highly reproducible and are
quantitative at levels as low as 5 parts per billion, demonstrating high analyte sensitivity.

NIH researchers completed a preliminary study comparing the patterns of gene expression
changes in smokers and nonsmokers in cells from the nose, mouth and lung. Patterns in the
nasal samples correlated well with those in the lung cells and show promise as a biomarker
from noninvasive samples that can be used to characterize pathway responses to cigarette
smoke exposure. In addition, NIH researchers developed a simple method to isolate blood
proteins from dried blood spots for detection of protein adducts, a means to monitor internal
exposure to carcinogens. This method was applied to measuring exposure to benzene and
products of benzene metabolism. Dried blood spots may be ideal for measuring exposures to
carcinogens because many states have extensive sample archives collected postnatally.
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Advances or Other Highlights

Researchers developed technology to detect gene mutations in single cells. This technology
will make it possible to detect early molecular markers for numerous diseases, including
blood cancers. A required step in the development of this technology is the ability to generate
uniform nanoliter-size droplets with high-throughput capability. This group of researchers
has successfully developed a microfabrication device that is capable of generating 1 million
droplets/hour. This technology has been applied in preliminary studies to monitor mutations
in the p53 gene, a gene that is commonly mutated in many cancers.
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SRO-2.7 By 2011, complete clinical testing of one candidate medical countermeasure that could be
used to diagnose or treat victims of a chemical terrorist attack or accident, and complete
preclinical testing for two others.

BACKGROUND
The World Trade Center and anthrax attacks of 2001 exposed the vulnerability of the U.S.
civilian population to terrorist groups armed with unconventional weapons. Chemicals are
attractive terrorist weapons in that they are relatively easy to obtain and have the potential to
cause mass casualties. A terrorist group could illegally obtain or manufacture traditional
chemical warfare agents (i.e., nerve agents, pulmonary agents, or blistering agents).
Terrorists could also sabotage manufacturing plants, storage sites, or transport vehicles to
release any number of toxic industrial chemicals (e.g., cyanide). According to a 2003 report
published by the General Accounting Office (GAO), the Environmental Protection Agency
(EPA) has identified 123 chemical plants in the U.S. where a terrorist attack or accident
could potentially expose more than 1 million people to a cloud of toxic gas.

Rationale

The U.S. military has developed some countermeasures to protect military personnel from a
chemical attack, but many of these are ill-suited for chemical terrorism scenarios. Protective
clothing, gas masks, and prophylactic drugs used by the military can be effective with
advanced preparation, but a terrorist chemical attack against civilians is likely to come
without warning. In order to respond to a chemical terrorist attack, medical personnel will
require rapid and effective diagnostic technologies, as well as safe and effective post-
exposure treatments appropriate for a diverse population. Currently, diagnosis is limited to
observation of clinical signs and symptoms, which can be similar for chemicals that require
very different treatment regimens. Available treatments for chemicals that affect cellular
respiration (e.g., cyanide) or the nervous system (e.g., nerve agents) have dangerous side
effects and a short therapeutic window. Post-exposure treatments for chemicals that affect the
respiratory system, skin, and eyes are largely limited to supportive therapy and alleviation of
symptoms.

In 2007, the NIH developed the “NIH Strategic Plan and Research Agenda for Medical
Countermeasures Against Chemical Threats” for the development of improved medical
countermeasures that could be used in the case of chemical terrorist attack or accident, at the
request of the U. S. Department of Health and Human Services (HHS). The plan focuses on
therapeutics and diagnostics for chemicals that affect the nervous system; respiratory tract;
skin, eyes, and mucous membranes; and cellular respiration.

PERFORMANCE ANALYSIS
Target Context and Conditions
The NIH established the Countermeasures Against Chemical Threats (CounterACT)
Research Network in FY 2006 to develop new and improved diagnostic technologies and
therapies for conditions caused by chemicals that could be used in a terrorist attack or
released by accident. The Network includes research projects, research centers, small
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business grants, and contracts. All of the research activities are milestone-driven, and
progress is reviewed annually.

The CounterACT Network has launched several diagnostic development projects. Several
teams are designing portable devices that can be used in an emergency setting to detect
chemically induced seizures that may be masked by paralysis. Others are developing
“biosensors” that can rapidly detect signs of chemical exposure in blood or saliva samples.
Each CounterACT diagnostic development project includes milestones for prototype
development and clinical validation.

The majority of CounterACT research is directed toward therapy development. Researchers
are dissecting and manipulating the biological pathways affected by various chemicals to
identify promising therapeutic targets. Several potential targets have been identified and are
undergoing further characterization. These include at least two classes of receptor molecules
associated with chemically induced seizures, a signaling molecule involved in

inflammation, and a family of sensory proteins that appear to activate nerve endings in
response to chlorine and other toxic industrial compounds.

CounterACT researchers are also conducting preclinical safety and efficacy studies on
promising new lead therapeutic compounds. These include a new treatment for cyanide
exposure, a compound to prevent chemically-induced neurodegeneration, a treatment for
chemically induced skin injuries, and a protein-based “bioscavenger” that captures and

deactivates nerve agent molecules.

One especially promising chemical countermeasure has already entered clinical trials under
the CounterACT program. Department of Defense (DoD) researchers discovered that
midazolam, a Food and Drug Administration (FDA)-approved intravenous sedative and
anesthetic, stops seizures in animals exposed to nerve agent. The CounterACT program
includes a clinical trial to test the efficacy of intramuscular midazolam in epilepsy patients.
Clinical efficacy data from this trial will support a NIH/DoD joint effort to obtain FDA
approval for use of midazolam against nerve agent-induced seizures. The NIH is also
collaborating with the DoD to complete the animal studies necessary for FDA approval of

midazolam as a nerve agent treatment.

Baseline 2008

e (FYO07) Several new potential therapeutic targets have been identified through basic
research on the biological effects of chemical exposure

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
Determine whether [(MET) Modifying [Develop a prototype

three molecules
associated with
chemical injury
show promise as
new therapeutic
targets

the activity of
TRPAI, GIuR5KS,
and EP had
protective effects in
models of chemical
injury

technology to
diagnose chemical
exposure in an
emergency setting
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SUMMARY OF 2008 PERFORMANCE RESULTS
Target
The FY 2008 target was MET. CounterACT researchers have shown that modifying the
activity of three different receptors associated with chemical injury may be viable strategies
for protecting the body from damage. Researchers have identified a family of sensory protein
receptors that activate nerve endings in response to chlorine and other toxic industrial
chemicals. One particular receptor, TRPA1, was the major airway sensor for chlorine, and
that mutant mice missing the TRPA1 receptor were insensitive to chlorine exposure. The
efficacy of TRP blockers in preventing symptoms of chlorine exposure is now being tested.

GluR5KR, a different type of receptor, has also been validated. Inhibitors of GluRSKR
prevented seizure-like electrical activity in slices of rat brain that had been pre-treated with
the nerve agent soman and the effects of these inhibitors in rats exposed to soman are now
being examined. .

Researchers found that activating the prostinoid receptor EP2 may be able to protect the
nervous system from neurodegeneration and neuroinflammation caused by chemically
triggered seizures. EP2 is a component of a pathway that had been linked to neuronal injury
following prolonged seizures. The CounterACT researchers found that activating EP2 in cell
culture toxicity assays reduced levels of inflammation and toxicity markers. Follow-up
experiments are underway using rodents exposed to a nerve agent analog.

Advances or Other Highlights

Midazolam continues to show promise for the treatment of nerve agent-induced seizures. The
definitive animal efficacy studies required for FDA approval and conducted in collaboration
with the Department of Defense are nearly completed, with positive results. The clinical trial
was temporarily halted by the FDA, based on concerns about the study design, but the hold
has been lifted and patient recruitment has begun.

Cobinamide, a new cyanide antidote, is advancing quickly through preclinical development.
CounterACT researchers found that cobinamide provides increased survival over current
treatments (sodium nitrite, sodium thiosulfate, and cobalamin). Preclinical safety and
pharmacology studies are being conducted at the CounterACT Preclinical Development
Facility. An IND submission is planned within 1-2 years. Capitalizing on the ability of
cobinamide to tightly bind cyanide, a device for detecting cyanide in human blood or urine
has been developed and will be tested in a clinical study comparing this new technique to
standard tests. This is being done as an add-on to an NIH-supported trial on sodium
nitroprusside, a high blood pressure treatment that generates cyanide when metabolized.

Galantamine, an FDA-approved Alzheimer’s Disease drug, lowered death rates when
administered to animals prior to nerve agent exposure. CounterACT researchers are currently
optimizing treatment regiments (doses and timing) for both sexes, at different ages, using a
guinea pig model. Studies are also underway to confirm preliminary studies showing that
galantamine reduces mortality and morbidity when given after nerve agent exposure.

CounterACT researchers have discovered that intravenous administration of the growth
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factor neuregulin prior to exposure to nerve agent analogs protects rats from mortality and
severe neurological symptoms. Neuregulin also appears to have positive effects when
administered after chemical exposure. Experiments are underway to confirm these results.
Pharmacology and toxicology studies are being conducted at the CounterACT Preclinical
Development Facility.
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SRO-2.8 By 2013, advance two emerging new strategies for treating muscular dystrophy to the
point of preparedness for clinical trials.

BACKGROUND
The muscular dystrophies are a group of diseases that cause weakness and progressive
degeneration of skeletal muscles. There are many different forms of muscular dystrophy,
which differ in their mode of inheritance, age of onset, severity, and pattern of muscles
affected. Duchenne muscular dystrophy (DMD) is the most common childhood form of
muscular dystrophy, which is caused by mutations in the dystrophin gene, resulting in an
absence or deficiency of this protein. DMD usually becomes clinically evident when a child
begins walking, and patients die in their late teens or early 20s. Becker muscular dystrophy is
also caused by mutations in the dystrophin gene, but results in production of a truncated form
of the protein and a less severe course of disease progression. An animal model, the mdx
mouse, is extensively used to study these disorders, and large animal models (e.g., dog) also
exist. The most common adult form of muscular dystrophy is myotonic dystrophy. It is
marked by myotonia (an inability to relax muscles following contraction) as well as muscle
wasting and weakness. Myotonic dystrophy type 1 and type 2 are caused by nucleotide repeat
expansions (repeated sequences of DNA components) in different genes. Recent studies have
uncovered important underlying genetic and molecular mechanisms and developed animal
models appropriate for testing new therapeutics. Other forms of muscular dystrophy include
facioscapulohumeral muscular dystrophy (FSHD), the limb-girdle muscular dystrophies
(LGMDs), and the congenital muscular dystrophies. There are varying levels of knowledge
about the mechanisms underlying these different forms; this allows disease mechanism-
targeted therapeutic development to proceed for some types of muscular dystrophy while
further basic studies are required before targeted therapies can be developed for other types.

Prevalence/Incidence

Duchenne and Becker muscular dystrophies together affect 1 in 3,500 to 5,000 male births.
Between 400 and 600 boys in the United States are born with these conditions each year.
Females are typically carriers of the genetic mutations and are rarely affected by these forms
of muscular dystrophy. Myotonic dystrophy affects about 1 in 8,000 people worldwide. Type
1 is the most common form of the condition, accounting for about 98 percent of all cases.
The remaining 2 percent of cases are myotonic dystrophy, type 2. The prevalence of the two
types of myotonic dystrophy varies among different ethnic populations. For other forms of
muscular dystrophy, it is difficult to estimate incidence, due to variability among different
forms of the disease and/or lack of precise diagnostic methods.

Rationale

There is currently no treatment that can stop or reverse the progression of any form of
muscular dystrophy. However, advances in the understanding of disease mechanisms
(particularly for DMD), diagnostics, and research technologies make this an opportune time
to emphasize therapeutic development. In addition, the MD-CARE Act required the
Muscular Dystrophy Coordinating Committee (which includes NIH and other federal
agencies) to develop a plan for conducting and supporting research and education on
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muscular dystrophy. The resulting Action Plan for the Muscular Dystrophies identified a
series of promising therapy development goals. A recent workshop convened by NIH
reviewed the status of therapy development for the muscular dystrophies and also concluded
that a number of therapeutic strategies are showing promise and have a strong likelihood of
leading to clinical trials in the next few years.

PERFORMANCE ANALYSIS
Target Context and Conditions
Based on a better understanding of the disease mechanisms at play in the muscular
dystrophies, there are now multiple potential pathways to therapeutic development,
including: drug-based therapies to maintain muscle mass; strategies to enhance the normal
regenerative process of muscle; cell-based muscle therapeutic strategies; strategies for gene
replacement; and genetic modification therapies to bypass inherited mutations.

Many NIH activities have enhanced research utilizing a number of these approaches. NIH
funds six Senator Paul D. Wellstone Muscular Dystrophy Cooperative Research Centers,
which have been designed to accelerate the translation of fundamental scientific advances to
the clinic through close interaction between basic researchers and clinicians. Translational
research projects at the Wellstone Centers are focused on optimizing gene therapy and
stem-cell-based therapeutic approaches as well as identifying therapeutic strategies to
enhance muscle regeneration. NIH has also funded numerous grants through the program
announcement, “Muscular Dystrophy: Pathogenesis and Therapies,” and broader
solicitations for preclinical therapy development projects for neurological conditions. The
NIH specialized program announcement, “Translational Research in Muscular Dystrophy,”
released in late 2005, has already resulted in a dramatic increase in the number of
applications received and funded by NIH for development of novel therapies for muscular
dystrophy. Successful applications have focused on both DMD and myotonic dystrophy,
and use a range of strategies. While NIH is rigorously pursuing all pathways to therapeutic
development, a few approaches are showing significant promise.

Genetic modification strategies using synthetic oligonucleotides (short sequences of DNA
or RNA) to either bypass or correct the genetic mutations responsible for muscular
dystrophy are showing promise in animal models. This strategy is particularly relevant to
DMD, where mutations in the dystrophin gene prevent the dystrophin protein from being
produced. NIH currently funds studies employing synthetic oligonucleotides to correct the
mutations in the dystrophin gene or to alter the translation of the mutated dystrophin gene
into protein such that the mutations are bypassed (“read-through”) resulting in the restored
production of dystrophin protein. Although clinical trials using synthetic oligonucleotides
have been initiated in Europe, these are early-stage, single muscle tests, and the
development of a therapeutically significant treatment requires more research on
oligonucleotide chemistry and systemic delivery.

Gene replacement therapy (replacing the defective gene or increasing the expression of
functionally equivalent genes) is also showing promise in the mdx mouse and other animal
models. However, one of the major hurdles of this approach is determining ways to deliver
the gene systemically, allowing delivery of the gene to all muscles of the body. Research
currently funded by NIH is developing ways to address this problem. One project is
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utilizing pharmacological agents to permeabilize the blood vessel walls to allow for better
access of the vector (delivery vehicle) to muscle and testing this approach in a canine model
of DMD. Another NIH-funded investigator is pursuing the use of stem cell technologies for
DMD gene therapy by developing vectors that can be used to integrate the corrected genes
into muscle stem cells, which can then be transplanted into diseased animals. Plus,
investigators who recently received an NIH grant are working to develop the optimal vector
for vascular delivery of genes. The optimal vector would be one that does not elicit a strong
immune response and would enable the human body to accept the therapy.

Small molecule drugs represent another promising therapeutic approach. NIH recently
funded a large-scale project to develop new small molecule drugs for the treatment of DMD
and potentially other forms of muscular dystrophy as well. The project will pursue a number
of strategies for therapy development, including stimulating muscle growth by modulating
growth factor pathways, and upregulating proteins that may structurally and functionally
substitute for dystrophin or contribute to the dystrophin protein complex in normal muscle
cells. The researchers have already completed a high-throughput screening process on each
of these strategies in order to identify small molecules that are candidate therapies. The
project will focus on improving the properties of these small molecules as drug candidates
and carry out research that will help support further clinical studies using these compounds.
One exciting aspect of this project is the fact that a patient voluntary organization as well as
a biopharmaceutical company is contributing funds to this project, thereby creating a
public-private partnership to leverage funds for this project.

Baseline 2008

e (FYO07) Oligonucleotides show promise in enabling cells to repair or bypass MD-causing

mutations
FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
Test a new strategy [(MET) Three Test a new strategy

to improve the
efficacy of an
oligonucleotide-
based therapy in
animal or cell
models

oligonucleotide
strategies were
found to restore gene
expression in cell or
animal models of
MD

for systemic delivery
of a therapeutic gene
in a large animal
model

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was MET. Oligonucleotides have been developed that can make gene
transcription machinery “skip” whole coding fragments, also known as “exons,” containing
harmful DMD mutations. In the dystrophin gene, exon deletions are not as harmful as smaller
mutations and “exon-skipping” is seen as a potential therapeutic alternative. Recently,
researchers found a way to enhance the function of exon-skipping oligonucleotides by
attaching to them a cell-penetrating peptide (the fragment of a protein that facilitates cell-
entry.) Injection of these fusion compounds into mdx mice produced wide-spread dystrophin
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expression and near-normal muscle architecture in all non-cardiac muscle groups.

The potential for personalized oligonucleotide therapy in patients with more unusual
mutations in the dystrophin gene has been shown also. Muscle cells isolated from patients
with rare mutations in the non-coding region of the dystrophin gene were restored dystrophin
expression after treatment with oligonucleotides designed specifically for each of the
patients’ mutations.

A more experimental approach involves the use of oligonucleotides to make the protein
translation machinery “fix” mutations that alter the way the coding sequence of a gene is
interpreted. Often called “frame-shift mutations”, these mutations can produce aberrant
proteins or can cause the absence of the protein altogether. Through an NIH
exploratory/developmental award in translational research, a group has shown that
oligonucleotides can be used in cultured mammalian cells to correct frame-shift mutations.
The researchers are now testing this technique in mdx mouse cells.

Advances or Other Highlights
1) Test a new strategy for systemic delivery of a therapeutic gene in a large animal model

NIH-funded researchers have shown that single intravenous injections of vectors carrying
shortened versions of the dystrophin gene can reach all types of skeletal muscle in a canine
model of DMD. Gene delivery was only successful in young pups and did not require
immune suppression or additional pharmacological intervention. Unfortunately, cardiac and
smooth muscle was not efficiently transduced. The results suggest that gene therapy might be
more feasible in infants that have yet to develop a robust immune system and which do not
yet exhibit the symptoms of DMD. There is also a plan to expand the number of dogs tested
and analyzed.

Researchers are also testing a technique known as “afferent transvenular retrograde
extravasation” (ATVRX) that involves use of a high pressure injection of saline in
conjunction with typical gene-delivery techniques to improve gene uptake by skeletal
muscles. The force from the high pressure injection seems to push the vectors from the blood
vessels into the muscles, increasing the efficiency of the therapy. The technique was found to
be effective for gene delivery in healthy dogs and is now being tested in dog models of
DMD.

Progress has been made towards an IND by showing that vascular delivery of a
microdystrophin gene vector improves muscle function in mdx mice. The delivery
technology is being further refined and the safety of the construct in rhesus macaque
monkeys is being tested.

In the last year, two new Senator Paul D. Wellstone Muscular Dystrophy Cooperative
Research Centers have been awarded, one of which will focus on comparing and optimizing
localized and systemic gene delivery methods in the dog and on testing the safety of
intravenous treatments in muscular dystrophy patients.

51



2) Assess the activity of two promising small molecule drugs in cell and animal models

A public-private partnership funded by NIH, Parent Project Muscular Dystrophy, and PTC
Therapeutics has started to chemically optimize small molecules that alter the levels of four
proteins (utrophin, myostatin, IGF-1a, and a7 integrin) that have been shown to affect the
muscular dystrophy disease process. For each protein, three chemical classes of compounds
have been identified that produce the desired protein-level changes in an in vitro high-
throughput screen. Each class of compound is being chemically altered to analyze the
structure-function relationship, optimize the effect on the protein, and ensure that the
compound is not harmful to cells. The compounds are also being tested in cells isolated from
animal models of DMD.
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SRO-3.1 By 2013, identify at least one clinical intervention that will delay the progression, delay the
onset, or prevent Alzheimer's disease (AD).

BACKGROUND
Prevalence/Incidence
Alzheimer’s disease (AD) is a progressive, at present irreversible brain disease that slowly
ravages memory and thinking skills, eventually destroying the ability to carry out even the
simplest tasks of daily living.

e Recent data from the Aging, Demographics and Memory Study (ADAMS), a sub-
study of the NIH-supported Health and Retirement Study, indicate that some 2.4
million Americans over age 71 currently have AD. The ADAMS study is the first to
estimate rates of dementia and AD using a nationally representative sample of older
adults across the United States.

e The ADAMS report is the latest published study to estimate the prevalence of
dementia and AD among older Americans. These assessments have provided a range
of estimates, based on differing methodologies and approaches; for example, some
studies have included lower age ranges than ADAMS, or have sampled participants in
a specific community as a base for national extrapolations.

e Notably, widely cited estimates based on the prevalence of Alzheimer’s disease in a
Chicago-based community (Hebert et al., 2003), and an earlier, comparable study
using data from East Boston (Evans et al., 1990) forecast the number of those age 65
or older with AD to reach 5.1 million by 2010.

Despite the varied approaches and findings, however, experts agree that as increasing
numbers of Americans reach older age, the numbers of people with dementia, and AD
specifically, will certainly increase until ways to delay or prevent the disease are found.
Advancing age is the most common known risk factor for Alzheimer’s disease.

Disease Burden

The direct and indirect costs of Alzheimer's and other dementias to Medicare, Medicaid
businesses, and families are estimated to amount to more than $148 billion each year. Also
significant is the physical and emotional toll AD exacts on family, caregivers, and friends.
The changes in a loved one's personality and mental abilities; the need to provide constant
attention for years on end; and the demands of bathing, dressing, and other caregiving duties
can cause tremendous stress to the caregiver, often impacting his or her health and well-
being. Not surprisingly, caregivers of people with dementia spend significantly more time on
caregiving tasks than do caregivers of people with other types of illnesses.

Rationale

The few agents that are currently approved by the Food and Drug Administration for
treatment of Alzheimer’s disease have demonstrated only modest effects in modifying the
clinical symptoms for relatively short periods. Likewise, the first and, to date, only agent
shown to delay clinical diagnosis of AD in people with mild cognitive impairment (donepezil
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[Aricept®]) appears to forestall the transition from MCI to full-blown AD for only a brief
period of time. However, a number of promising findings are now emerging to provide
directions for other potential interventions.

PERFORMANCE ANALYSIS
Target Context and Conditions
The NIH has a comprehensive plan to achieve, by 2013, the important goal of discovery and
validation of an intervention that will delay or prevent the onset of Alzheimer’s disease.
Achievement of this goal will require progress on a number of fronts, and the NIH is
working to facilitate discovery in each of the following areas:

Neuroimaging and other Biological Markers. The ability to identify individuals at risk
for developing Alzheimer’s disease is increasingly important, as therapies are developed
for testing and as scientists learn more about how those at risk can take steps to reduce
the possibility of developing Alzheimer’s. In late 2004, the NIH, in conjunction with
several other Federal agencies, private companies, and organizations, launched the
Alzheimer's Disease Neuroimaging Initiative (ADNI) to test whether serial magnetic
resonance imaging (MRI), positron emission tomography (PET), other biological
markers, and clinical and neuropsychological assessment can be combined to measure
the progression of mild cognitive impairment (MCI) and early Alzheimer's disease
(AD). The study could help researchers and clinicians develop new treatments and
monitor their effectiveness as well as lessen the time and cost of clinical trials. The
project is the most comprehensive effort to date to find neuroimaging and other
biomarkers for the cognitive changes associated with MCI and AD. [FY05 and FY10
performance targets]

Genetics. Until recently, only one risk factor gene for late-onset AD, apolipoprotein E-
€4, had been identified; in late 2007, investigators identified a second gene, SORL1. The
AD Genetics Initiative was started to develop much-needed resources for geneticists to
find the additional key late onset genes; finding and recruiting about 1000 families is
necessary to establish a data base for studies of familial inheritance of AD. Thanks to an
unprecedented alliance of AD Centers, researchers, and outreach personnel, aided by the
Alzheimer's Association, this target was achieved. [FY06 performance target]

Basic Research. NIH is working to accelerate discovery of new risk and protective
factors and how they interact with different genetic factors such as apolipoprotein E ¢-4
in order to identify promising targets for treating and preventing disease through basic
research. Basic research studies are identifying new pathways involved in the brain
mechanisms that lead to AD, and the identification of these pathways, in turn, is then
indicating new targets for the development of therapeutic agents for AD, MCI, and age-
related cognitive decline. [FY07 performance target]

Pre-Clinical and Translational Research. NIH also plans to speed drug discovery and
movement of promising new treatments and prevention strategies into clinical trials. The
launch of a major new translational research effort to expand the range of novel
compounds to be tested for cognitive decline, mild cognitive impairment, and AD, and
to more quickly move research from the laboratory to clinical trials in humans, will
further support our efforts in this regard. Four key steps are needed in the preclinical
development of new agents prior to clinical testing: Chemical optimization; proof of
efficacy in an animal model relevant to the disease; pharmacokinetic profiling; and/or
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early toxicology screening. As new agents are identified, these steps will need to be
taken in all of them. [FY08 performance target]

Clinical Trials. In 2003, the NIH launched the Cholesterol-Lowering Agent to Slow
Progression of Alzheimer’s Disease (CLASP) study, which investigated the safety and
effectiveness of the drug simvastatin to slow the progression of AD. The results of this
trial were presented orally at the International Conference on Alzheimer’s Disease in
July 2008 in Chicago, and the results indicated that there was no effect of simvastatin on
progression of Alzheimer’s disease. Other clinical trials are ongoing; the NIH also plans
to use the knowledge gained through the basic and mechanistic studies described above
to select the most promising imaging and biological markers, as well as improved
clinical and neuropsychological evaluation methods, to perform less expensive, shorter,
and more efficient drug trials. [FY 03 performance target (simvastatin); FY 09
performance target and beyond]

Baseline 2008

o (FYO06) It is anticipated that 1-3 promising drug candidates will emerge from NIH's
research programs by FY 2008; these have not completed the preclinical steps necessary for
regulatory approval.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) The NIH (MET) Nearly 1000 [Identify and (MET) NIH- For at least one (MET) NIH- Start at least one
launched the new late-onset AD  |characterize supported research  [promising drug supported pilot clinical trial on
Alzheimer's Disease |families have been [molecular events has helped to candidate for the investigators promising
Neuroimaging identified and that may prove to be |identify and treatment of AD, identified the interventions based
Initiative in late recruited to the AD |targets for treating or|characterize two complete at least one [compound MWO01-2-[on results of
2004. Genetics Initiative. [preventing particularly of the four 069A, which previous trials and

Alzheimer's disease
through initiatives
and projects focused
on mechanistic and
basic studies.

promising target
molecules for AD
treatment and
development: beta-
amyloid production
and p38 alpha
MAPK.

preclinical steps
necessary for
regulatory approval:
chemical
optimization; proof
of efficacy in an
animal model
relevant to the
disease;
pharmacokinetic
profiling; and/or
early toxicology

screening.

reduced brain
inflammation and
behavioral deficits in
a mouse model of
AD.

new leads for drug
discovery.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FYO08 target was MET. NIH-supported investigators identified the novel compound
MWO01-2-069A and demonstrated its efficacy in a mouse model of Alzheimer's disease.
MWO01-2-069A was found to reduce inflammation related to AD pathology; behavioral
deficits; and dysfunction at the synapse (the site — a tiny gap between brain cells- across
which either chemical or electrical signals pass) in the mouse.
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Advances or Other Highlights

NIH supports the preclinical development of new drugs for Alzheimer’s disease through
cooperative agreement grants funded under program announcement PAR05-148,
“Alzheimer’s Disease Drug Development Program.” Eight projects are currently underway,
including studies of anti-hypertensives, anti-inflammatory drugs, and novel small molecules.
These grants include a number of steps in the drug development process, including
assessment of efficacy in animal models. In 2008, the program announcement was re-issued
as PARO08-266; it is anticipated that additional meritorious projects will be funded across the
life of that PA. In addition, NIH supports a contract for preclinical toxicological evaluation of
potential therapeutic drugs for Alzheimer’s disease.

In recent years, NIH-supported basic research has contributed to industry development of
new Alzheimer’s disease drugs. For example, in 2008, Allon Therapeutics reported the
results of a clinical trial of the compound AL-108 in people with mild cognitive impairment
(MCI, a precursor to Alzheimer’s disease). In this study, AL-108 had a positive impact on
amnestic MCI and was safe and well tolerated. The original pre-clinical toxicology studies
with AL-108 were conducted through the NIH pre-clinical toxicology contract, and the
results of these toxicology studies led to FDA approval of an investigational new drug
application allowing Allon Therapeutics to conduct human clinical trials on AL-108,
including this trial on MCI. Although NIH did not support this trial, it’s certainly worth
noting that it was NIH support of the preclinical work that made the trial possible.

PART
This goal was included in the FY 2006 PART of the Extramural Research Program. NIH
will continue to achieve this goal's annual requirements as indicated by the PART
Improvement Plan.
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SRO-3.2 By 2010, develop one universal antibiotic effective against multiple classes of biological
pathogens.

BACKGROUND
In the 1940s, the widespread availability of newly discovered antibiotics led to a dramatic
reduction in illness and death from infectious diseases. However, bacteria and other disease-
causing organisms are remarkably resilient and have developed mechanisms of resistance
that thwart or block the action of antimicrobial drugs. Microbes that were once easily
controlled by antimicrobial drugs are causing infections that no longer respond to treatment
with these drugs. In addition, new, serious, and unforeseen infectious disease threats have
emerged, including those posed by agents of bioterrorism. Because the existing repertoire of
antimicrobial therapeutics may not in the future provide an effective defense against newly
emerging and resistant organisms and bioterrorism agents, there is a need to develop new
treatments that may be effective against a range of pathogens. Development of a “universal
antibiotic,” a drug effective against a wide spectrum of infectious diseases, would help
address these challenges.

A “universal antibiotic” is defined as any broad-spectrum antibiotic/antimicrobial/anti-
infective that is effective against multiple biological pathogens. This may include: antibiotics
with demonstrated efficacy against multiple gram negative and/or gram positive bacterial
species, possibly including drug-resistant strains or biodefense priority pathogens for which
there are few or no available drugs; broad-spectrum antivirals that demonstrate activity
against multiple viruses, possibly including viruses belonging to different viral families;
broad spectrum anti-infectives that may have efficacy against more than one species of
parasite; antimicrobials that may have activity across two or more of the groups mentioned
above (bacteria, viruses and parasites); and immunomodulators that generally strengthen the
body’s ability to fight a variety of different infectious diseases. While some broad-spectrum
antibacterial drugs are currently available, many of those are ineffective against drug-
resistant bacteria or unproven against biodefense priority pathogens. No major broad-
spectrum antivirals, anti-infectives or immunomodulatory drugs have been developed to date.
A “universal antibiotic” with broad-spectrum activity against multiple pathogens, such as
those described above, would add a significant new capability to treat infectious diseases for
which few or no therapeutics currently exist.

Rationale

From a strategic perspective, a broad-spectrum antimicrobial therapeutic could be used either
alone, or in combination with currently available antimicrobials, to protect individuals
exposed or potentially exposed to pathogens of unknown identity. This would provide a
valuable countermeasure in the case of an outbreak or bioterrorism attack. In addition, there
is increasing concern about both naturally evolving drug resistant pathogens and the potential
to engineer drug resistance into microbes to create bioterrorism agents. A new broad-
spectrum antimicrobial could be used to treat or to increase the effectiveness of current drugs
against drug-resistant infections. Better understanding of intracellular pathogens, and the
components of the immune response they may commonly activate during infection, could
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identify new pathways to target for the development of universal/broad-spectrum
antimicrobials with efficacy across multiple classes of pathogens. In addition, genomics, the
science of deciphering and drawing information from the genetic code of an organism, is a
powerful tool that the NIH is using to understand the microbes that cause disease and to
devise strategies to overcome infection.

PERFORMANCE ANALYSIS
Target Context and Conditions
NIH’s standard role in product development is to support basic research (fundamental
discovery and identification of product concepts), applied research (subsequent efforts to
refine concepts and develop candidate products) and advanced R&D (preclinical and
clinical development). Once a candidate product has been developed through Phase I/11
clinical testing, the developed candidate product may move from NIH to a partner, which
can be a drug company, another government agency or a public-private partnership, for
commercial scale development and activities leading toward licensure, marketing,
government acquisition and/or utilization (including emergency use). In the case of products
of high priority to the US government for biodefense and emerging infectious diseases,
Congress has created the DHHS Biomedical Advanced Research and Development
Authority (BARDA) to support advanced product development activities, and Project
Bioshield to facilitate acquisition of those products for the US Strategic National Stockpile.

To accomplish the goal of developing one universal or broad-spectrum
antibiotic/antimicrobial/anti-infective, NIH is stimulating basic and applied research toward
the development of broad-spectrum antimicrobials through targeted solicitations and is
continuing to expand the availability of critical research resources to the community.
Examples of research resources that are being expanded include development of screening
assays and screening capacity to support discovery of novel antimicrobials and broad-
spectrum activity, increased capacity for medicinal and combinatorial chemistry, and
enhanced library and database resources. New methodologies, chemical libraries, and
software tools are expanding the pool of compounds that can be screened for antimicrobial
properties. Expansion of NIH genomic, proteomic, and bioinformatic resources will
accelerate basic and applied research on microorganisms responsible for emerging and re-
emerging infectious diseases, including those considered potential agents of bioterrorism, as
well as identification of gene products critical to bacterial growth and pathogenicity that
may serve as targets for broad-spectrum antimicrobials. In addition, NIH is supporting
research under several initiatives of the NIH Roadmap Program to develop a small molecule
repository and PubChem database, a Molecular Screening Centers Network, and to support
the development of screening tools and new assays for high-throughput screening. NIH also
supports preclinical and clinical development services to facilitate the advanced R&D
phases of product development leading toward a candidate product.

Baseline 2008
e (FY07) NIH has not yet begun safety and pharmacology profile determinations for
candidate compounds that have demonstrated broad spectrum activity in vitro.
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FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) A complete |(MET) Screening  |Through medicinal |[(MET) NIH Begin determining |(MET) NIH began |Conduct IND
set of in vitro tools were used to  |and/or combinatorial |optimized several  [safety and determining safety |enabling toxicology
screening tools that [evaluate compounds [chemistry, optimize [compounds for pharmacology and pharmacology [and preclinical
can be used to test  |for potential activity |several compounds [antimicrobial profiles (e.g. profiles (e.g. animal studies on at

compounds for
activity against
bacterial and viral
pathogens has been
developed.

against multiple
classes of organisms
of infectious disease.

for antimicrobial
activity.

activity through
medicinal and
combinatorial
chemistry
approaches.

bioavailability) of at
least 1 candidate
compound that has
shown broad
spectrum activity in
vitro.

bioavailability) of
two candidate
compounds.

least 1 candidate
compound that has
shown broad
spectrum activity in
vitro.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target
The FY 2008 target was MET and exceeded. NIH began determining safety and

pharmacology profiles (e.g. bioavailability) of two candidate compounds that have shown
broad spectrum activity in vitro.

Cysteine proteases play a number of essential roles in the biology of parasitic organisms,
including general catabolic functions and protein processing, as well as more recently
characterized roles in immunoevasion, excystment/encystment, exsheathing and cell and
tissue invasion. The presence of cysteine proteases in many parasitic organisms make these
proteases an ideal target for anti-infectives. K777 (N-methyl-piperazine-Phe-homoPhe-
vinylsulfone-phenyl) is a novel cysteine protease inhibitor under investigation as a
therapeutic candidate for several parasitic diseases. K777 has shown activity against the
parasites that cause Chagas’ Disease, African Sleeping Sickness, schistosomiasis and
cryptosporidiosis. K777-related compounds that target other cathepsin-L like proteases also
potentially expand the antimicrobial spectrum of this class of drugs to cover parasites such as
Giardia and Entamoeba. In addition, K777 appears to be able to disrupt cysteine protease-
mediated entry of viruses into host cells. Recent studies have shown that second generation
K777-related compounds are active against viral diseases such as SARS and Ebola. Thus,
K777 and related compounds represent a new class of antiinfective/antimicrobial with
potential broad spectrum indications.

Through the preclinical services program, NIH has supported metabolic, pharmacokinetic
and NDA-enabling toxicology studies for K777 as a candidate therapeutic for Chagas’
Disease. Metabolism and pharmacokinetic profiles of K777 were evaluated in one study. For
the metabolism portion of the study, rat and human microsomes were incubated with K777 in
vitro. Major metabolites of K777 were identified. The bioavailability of and
pharmacokinetics of both oral and intravenous K777 were determined a rat model system.
They found that oral bioavailability was higher in females than in males, and that the drug
appeared to cycle between the liver and intestines. K777 toxicity was also studied, and they
found that all rats tested with single dose, 7 day or 14 day regimens survived. Chronic
administration seemed to result in increased clearance of K777 from the system. At the
highest dose (300 mpk), liver damage was observed. Results of the study suggest that low
doses had no observed adverse effects and would be preferable for use in future clinical

studies.
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NIH also supported preliminary metabolic and pharmacokinetic studies of another type of
novel broad spectrum antimicrobial, Fabl inhibitors, that have shown antibacterial activity
against several distinct bacteria, including Mycobacterium tuberculosis (the causal agent of
tuberculosis) , Staphylococcus aureus, multidrug resistant Staphylococcus aureus (MRSA),
Francisella tularensis (the causal agent of tularemia) and Burkholderia pseudomallei (the
causal agent of melioidosis). The last two organisms are NIH priority biodefense pathogens.
Homologs of the Fabl, an enoyl-ACP reductase enzyme involved in fatty acid synthesis, are
found in the genomes of many bacterial species, including many Category A-C agents. Thus,
Fabl is an important potential broad spectrum antimicrobial target.

NIH-supported investigators have performed bioavailability, pharmacokinetic and metabolic
studies on the Fabl inhibitor PT04. They found that PT04 is more rapidly metabolized in
mouse cells than in human cells (as expected) and that several metabolites are formed in in
vitro studies with human and mouse microsomes. Bioavailability was assessed by
administering PT04 to mice orally, intraperitoneally and intravenously. They identified a
dose that, when administered orally, yields a blood concentration that is adequate to inhibit
the growth of bacteria.

Efficiency

NIH was able to exceed the target due to focused efforts to develop broad spectrum
antimicrobials, including multiple concurrent initiatives and programs working toward this
goal. As a result of this multi-pronged effort, in FY2008, two broad spectrum antimicrobial
candidates reached the stage of readiness to begin determination of safety and pharmacology
profiles.
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SRO-3.3 By 2013, determine the efficacy of using salivary diagnostics to monitor health and
diagnose at least one systemic disease.

BACKGROUND
Saliva assists with intake and digestion of food as we chew and swallow. It also contains
information about many physiological aspects of health and bodily function. Properties of
saliva, including quantity, thickness, smell, and taste, have been associated with diseases for
many years. However, in spite of ongoing saliva research, blood has been much more often
used than saliva to detect disease and other biological conditions because most molecular
compounds that are found in saliva are also found in blood but in larger concentrations.

For many serious health conditions, early detection offers the best hope for cure.
Unfortunately, many individuals obtain a correct diagnosis only after they experience
symptoms, and then it may be too late. The composition of saliva and other oral fluids
reflects serum levels of substances that may be useful for diagnostic applications such as
therapeutic and recreational drugs, hormones, immunoglobulins, and toxic molecules. Oral
fluids also can be used as a source of host or pathogen DNA. Thus, oral fluids could
potentially be used to assess and monitor systemic health and disease as well as determine
exposure to environmental and occupational hazards. Real-time monitoring of oral fluids
may also have a role in biodefense by facilitating early detection of agents used in
bioterrorism.

Rationale

Over the last several decades, scientists have begun to talk more actively about using a
person’s saliva to detect a range of oral and systemic diseases. Saliva is easy to collect and
poses none of the risks, fears, or invasiveness concerns occasioned by blood tests. Unlike
blood, which involves a painful needle stick, must be carefully processed, and often sent
elsewhere for analysis, saliva can be collected quickly and painlessly and possibly analyzed
right there in a dentist or doctor’s office. The possibility exists for test results to be delivered
within minutes, allowing patient and health professional to consult immediately and develop
a plan of follow up care.

Recent research advances in two major areas, the identification of disease biomarkers and the
development of biosensor micro-technology, have supported the field of salivary diagnostics
and are making new diagnostic tools a reality. Miniaturization of the “lab on a chip” may
allow placement of the detection device directly in the mouth, facilitating sample collection.
As oral levels of most molecules and proteins of interest are lower than blood levels,
sensitive analytical techniques are required. To overcome this challenge and demonstrate the
feasibility of salivary diagnostic tools, NIH is taking steps to accelerate the technology
needed to analyze oral fluids. These efforts will require highly sensitive and accurate
methods for the rapid detection of informative substances in saliva, thus indicating the early
stages of emerging disease.

In addition, NIH will create a catalog of all proteins in human saliva as a starting point in
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distinguishing between health and disease states as part of research to determine the efficacy
of salivary diagnostics. If successful, this line of research could yield improved detection for
a number of diseases as well as dramatically reduce the cost and risk associated with blood
test-based diagnostics. This could catalyze a shift in the current system of disease detection
to one of health surveillance within the community and the home.

PERFORMANCE ANALYSIS
Target Context and Conditions
Salivary diagnostics projects are breaking new ground in making new diagnostic tools a
reality. Compared with existing diagnostic systems, the ability to screen and discover
multiple biomarkers simultaneously may provide a more valid clinical diagnosis and may be
more useful to recognize molecular patterns predictive for disease development. In the next
five years of the project, known as Phase II, development will proceed on an easy-to-use
diagnostic prototype with wireless communication systems that has the potential to attract
commercial development. Specifically, the fabricated platforms will be integrated with
existing front-end technologies to create a fully functional compact salivary diagnostic test
that can be used in different settings, from the hospital to the home.

The Human Salivary Proteome program, which complements the Salivary-Based Diagnostic
Technologies program, continues to make substantial progress towards deciphering the
entire spectrum of salivary proteins. Intense efforts are now ongoing towards the
comprehensive identification of all proteins in saliva. The human salivary proteome will
present, for the first time, a complete alphabet for the translational and clinical utility of
saliva as a diagnostic fluid. This toolbox will contain the information necessary for
scientists to harness, from saliva, the proteomic elements that will mark clinical diseases
such as caries, Sjogren’s syndrome, and oral cancer.

The sequence of activities leading to knowledge of the efficacy of a compact biosensor for
salivary diagnostics is complex. Advances have to be made in biomarker identification (the
Human Salivary Proteome program) and in micro-technology (the Salivary-based
Diagnostic Technologies program). NIH-funded research has pointed to the potential of
salivary markers in cancer, auto-immune disease, and diabetes. The NIH will continue to
study salivary biomarkers for these and other diseases through the proteome database.
Funded research has also led to the development of hand-held prototypes of biosensors for
salivary diagnostics, which will continue to be supported.

Pre-clinical research activities leading to the routine use of a compact biosensor for salivary
diagnostics include the selection of a specific disease for research, identification of
biomarkers in saliva that are sensitive and specific to that disease, the tailoring of those
disease biomarkers to the biosensor, and preliminary engineering of the biosensor. Once
basic technological needs are achieved in prototypical devices, limited refined production of
the biosensor will be undertaken so that pre-clinical tests can be conducted. These pre-
clinical tests would address such questions as the method of sample collection (suction, spit,
or swab, for example), sample volume, sample storage, and display and recording of sample
information on the biosensor. Following these pre-clinical tests, clinical trials can be
developed. The clinical trials of the device will address accuracy, reliability, and utility of
the device in human samples.
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Baseline 2008
e (FYO06) Scientists have begun efforts to design bioinformatics systems to store salivary
proteomics data.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) Integrated  |(MET) A portable |Establish a common |[(MET) A common [Complete the design [(MET) A Complete integration
microfluidic assay  [handheld diagnostic [proteome database |proteome database |of bioinformatics bioinformation of the individual

systems have been
developed to
measure C-reactive
protein in saliva.

device has been
fabricated.

that will include data
from 2 subject
groups that cover
over 80 percent of
the salivary
proteome.

has been established
that includes data
from 3 subject
groups. 1166
proteins have been
identified,
comprising 84
percent of the human
salivary proteome.

management
systems for storing,
searching, and
disseminating
salivary proteomics
data.

management system
has been designed
and developed. The
SPKB system
currently stores
searchable
information on 1166
proteins.

components of the
compact device and
establish the limit of
detection, accuracy,
precision and
specificity for the
device in detecting
analytes associated
with both oral and
systemic diseases.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was MET. The NIH designed and developed the Salivary Proteome
Knowledge Base (SPKB), the only web resource dedicated to the biology,
pharmacoproteomics, and pharmacogenomics of human saliva. The knowledge base is
searchable by accession number, description, source material, and research group and
includes sequence information, peptide coverage, and certain data elements of the
experiments. Also, the listed proteins are linked to additional external protein databases for
further information. Researchers can use the database in a variety of ways. For instance,
scientists might select a particular uncharacterized protein and submit their own research data
demonstrating that the protein also is present in the brain, where it functions in a specific
way. The basic design of SPKB is complete and periodic updates, enhancement, and
development of new features will continue.

As part of creating the scientific infrastructure for salivary diagnostics, the researchers
needed to catalogue the genes and protein content of normal saliva, giving them a point of
comparison to detect the other molecules that might appear and indicate developing disease.
Toward this end, NIH supported large collaborative projects that created the first complete
record of the genes and proteins found in saliva. NIH-supported scientists have finished
compiling a comprehensive roster of 1166 distinct proteins that are normally present in saliva
from the major salivary glands. The SPKB currently houses data from three NIH-supported
salivary proteomic projects making it available online to the salivary research community.

Advances or Other Highlights
Showing the diagnostic power of the SPKB knowledge base for the first time, an NIH
grantee identified 43 proteins and 16 peptides that were present at abnormally higher or
lower levels in the saliva of people with primary Sjogren’s syndrome. This surpasses
previous efforts to identify protein biomarkers for this condition. Primary Sjégren’s disease
affects roughly two million Americans, primarily women, and can be difficult to diagnose.
Collaborations have begun between scientists in the United States and Europe to validate the
most informative of these proteins as telltale signs of Sjogren’s syndrome. In addition,
diagnostic tests for various cancers also are being developed. With this knowledge base of
salivary genes and proteins now in place, similar findings may emerge in the years ahead and
might lay the scientific foundation for point-of-care salivary diagnostics in the future.
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SRO-3.4 By 2010, develop an HIV/AIDS vaccine.

BACKGROUND
Prevalence/Incidence
The human immunodeficiency virus/acquired immune deficiency syndrome HIV/AIDS
epidemic has killed more than 28 million people, surpassing tuberculosis and malaria as the
leading cause of death from infectious disease worldwide. In 2006, an estimated 39.5 million
of the world’s population, including 2.3 million children younger than 15 years of age were
living with HIV/AIDS. In addition, almost 3 million people died from AIDS in 2006, and
more than 4 million people were newly infected with HIV, of which 530,000 were children.
The number of people living with HIV/AIDS has seen the steepest increases in East Asia,
Eastern Europe and Central Asia. Although in the United States newly diagnosed infections
have remained relatively stable at approximately 40,000 per year, the proportion of new HIV
infections that occur among adults over 50 years of age and some racial and ethnic groups
continues to rise.

Disease Burden

The impact of the AIDS pandemic is profound. Although global availability of resources to
combat HIV/AIDs has increased since 2001, the populations most affected by HIV are still at
greater risk of poverty, hunger and childhood mortality than those less affected by the
pandemic. In some parts of southern Africa, adult prevalence of HIV infection is 25 percent
or greater and prevalence amongst pregnant women who attend antenatal clinics can be more
than 40 percent. The AIDS pandemic continues to destroy families and communities and
thereby to weaken and threaten the social stability and national security of developing
nations. There is evidence of resurging HIV/AIDS epidemics among men who have sex with
men in the United States and some European countries and of similar hidden epidemics in
Latin America and Asia.

Rationale

Safe and efficacious vaccines to prevent HIV infection and disease and/or transmission are
essential for global control of the AIDS pandemic. NIH continues to increase support for a
broad program encompassing basic, preclinical, and clinical research on AIDS vaccines.

NIH is designing and testing new vaccine candidates based on research findings on the
structural components of HIV and on studies of immune responses in small animals and
nonhuman primates (NHPs). Vaccine candidates also are being constructed based on isolates
from many regions of the world, and several research groups are exploring mixtures of viral
components from different isolates and clades. NIH is testing new vaccine strategies using
different adjuvants, immune modulators, and delivery components to optimize the immune
responses that result. NIH will fund additional basic research to better understand why some
individuals exposed to HIV resist infection or are able to control disease progression.

In striving to meet the broader goal, a significant investment of NIH resources has been made
in new and improved product designs to ensure that there is a vibrant pipeline to support HIV
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vaccine development efforts. As promising candidates move further in the vaccine pipeline,
expanded trials with populations at increased risk for HIV infection will become increasingly
important.

PERFORMANCE ANALYSIS
Target Context and Conditions
NIH recently redesigned its strategy for HIV/AIDS vaccine research, in response to several
factors. In late 2007, two Phase II trials (STEP and the related Phambili trial) of a Merck-
designed HIV/AIDS vaccine were stopped before reaching the planned conclusions because
the mid-trial data from the STEP study demonstrated that the vaccine failed to prevent HIV
infection and also did not affect the level of HIV in those who were vaccinated but still
became infected with HIV. Scientists continue to analyze data and samples from the
volunteers to clarify why this vaccine might have even increased the risk of infection in a
subset of study volunteers who were uncircumcised and who, at the time they enrolled in
the trial, had naturally occurring neutralizing antibodies to adenovirus 5, the virus used to
make the vaccine vector that delivered the HIV vaccine. In addition, recent basic and
preclinical research studies in non-human primate models of AIDS suggest that the window
of opportunity during which a vaccine can trigger immune responses to stop the virus from
gaining a foothold is shorter than originally thought (days to a week, not several weeks).
These scientific factors and significant resource constraints have driven NIH to redesign its
vaccine research strategy to ensure the most efficient use of resources.

When the STEP trial was stopped, numerous consultations were held to discuss the future
directions of vaccine research efforts. In March 2008, the NIH convened a summit on HIV
vaccine research and development to garner input from experts in the field regarding the
most appropriate balance between vaccine discovery and development. During the summit,
panels of experts facilitated discussion within three broad areas: vaccine-related basic
research, vaccine discovery and vaccine development; animal model development and
utilization and clinical research and trials. Consensus emerged from the summit that
traditional approaches to vaccination are likely not to be effective for HIV prevention. A
shift in the balance between product development and discovery of innovative vaccine
concepts was recommended to ensure flexibility and streamlining of discovery research.
There was also consensus that NIH should be more selective in moving candidate vaccines
into clinical trials and that non-human primate studies should be performed in parallel with
human studies to determine whether a vaccine candidate should be developed.

To begin shifting the balance between basic and clinical HIV vaccine research, two new
Requests for Applications (RFAs) were released during FY 2008. The Basic Vaccine
Discovery RFA aims to accelerate vaccine discovery efforts by generating new knowledge
to inform new conceptual approaches to vaccine design. The Highly Innovative
Technologies to Interrupt Transmission of HIV (HIT-IT) RFA aims to stimulate the
development of novel, unconventional, high-risk, high-impact approaches. Awards for both
initiatives are expected to be made in July 2009. As a result of this shift, new awards for
two long-standing programs will be paused for at least a 2-year period, the Integrated
Preclinical/Clinical AIDS Vaccine Development Program and the HIV Vaccine Design and
Development Team. This will slow the opportunity to advance vaccine candidates into
phase I trials.
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During FY 2008, NIAID established a new branch within the Vaccine Research Program at
the Division of AIDS. The new Vaccine Discovery Branch will accelerate the translation of
basic discoveries about HIV into advances in vaccine design and evaluation. It will monitor
scientific developments in multiple fields related to HIV vaccine discovery, build more
bridges between basic researchers and HIV vaccine designers, identify gaps in knowledge
pertinent to a preventive HIV vaccine and promote research to fill those gaps. In addition,
the new branch will oversee the Center for HIV/AIDS Vaccine Immunology (CHAVI), a
consortium of universities and academic medical centers established by NIH to solve major
problems in HIV vaccine development and design.

Baseline 2008
e (FY06) NIH is conducting 3 phase I/II trials (HVTN 502, HVTN 050, HVTN 204) of
products that might be further tested for protection across viral clades (or subtypes).

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) NIH initiated [ MET) NIH initiated {Initiate another (MET) NIH initiated [Initiate a Phase IIb [(NOT MET) NIH (Begin analyzing
five phase I trials for|a Phase IIb study ~ [Phase II/IIb trial(s) [a Phase II/IIb trial to [trial of a promising |[did not initiate a final data from a
new products and  |(test of concept) to  [of the most evaluate the safety [vaccine candidate  [Phase IIb trial of a [phase III trial of a

six phase I and one
phase 11 trials to
further assess
existing products.
NIH expanded
clinical trial capacity
into 8 new
international
settings.

evaluate the safety
and efficacy of
Merck’s Adenovirus
serotype 5 HIV-1
gag/pol/nef vaccine
in high-risk adults.

promising third
generation vaccine
candidate.

and efficacy of
Merck’s clade B—
based Adenovirus
HIV-2 gag/pol/nef
vaccine in South
Africa

that may protect
across viral clades
(or subtypes).

promising vaccine
candidate.

second generation
vaccine.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was NOT MET. The Phase IIb trial of a vaccine candidate that held
promise for protecting across viral clades (or subtypes) of HIV was not initiated because a
different study of a somewhat similar vaccine was stopped prematurely in September 2007.

The prematurely stopped trial was the STEP trial (HVTN 502). This study was testing
Merck’s vaccine candidate, the MRK AdS HIV-1 gag/pol/nef trivalent vaccine. This vaccine
is based on a weakened adenovirus (adenovirus type 5, or Ad5), a common virus that
normally causes upper respiratory infections, such as the common cold, but that has been
altered to render it unable to replicate and infect humans. The trial involved 3,000 men and
women who were at high-risk of acquiring HIV in Australia, Brazil, Canada, the Dominican
Republic, Haiti, Jamaica, Peru, Puerto Rico and the United States. These are regions where
HIV clade B is most prevalent. The study was designed to determine if the vaccine would
help participants with low initial levels Ad5 antibodies by either reducing HIV acquisition or
lowering the viral set point, or level of infection, in patients who did become infected. A
second hypothesis was that the vaccine would reduce risk of acquisition or lower the viral set
point for the whole study population, regardless of Ad5 antibodies.
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During FY 2008, an independent Data and Safety Monitoring Board (DSMB) met to review
interim data obtained from the volunteers with low Ad5 antibody levels and recommended
that the trial be discontinued because it would not meet its efficacy endpoints. As a result of
the DSMB review, the NIH, Merck and the HIV Vaccine Trials Network (HVTN) agreed to
cease immunizations with the investigational vaccine and continue scheduled follow-up site
visits with all volunteers until the data could be more thoroughly evaluated and a course of
action developed.

Additional analyses of the STEP data subsequently found that there was a trend toward an
increased risk of HIV infection among vaccinees compared with placebo recipients; this risk
was greatest among males who were both uncircumcised and had pre-existing neutralizing
antibodies to AdS. Vaccination resulted in no apparent increased risk in men who were
circumcised and who lacked pre-existing neutralizing antibodies to AdS. The data at that time
included only one woman and one heterosexual man who had acquired HIV during the study.
Therefore, there was little information about the effects of the vaccine in women or in
heterosexual men.

The same Merck candidate HIV vaccine was also being tested in South Africa by the HVTN
and the South African AIDS Vaccine Initiative in a separate NIH-sponsored clinical trial
known as HVTN 503 or the Phambili trial. The independent DSMB that oversees the
Phambili trial met to review all available HVTN 503 and STEP interim findings and
recommended that that trial also be stopped.

Following the early termination of the STEP trial, plans to implement the PAVE 100 trial
were immediately put on hold. This Phase IIb trial would have tested a vaccine candidate that
had promise of providing protection across viral clades were immediately put on hold. The
vaccine regimen, developed by NIH’s VRC, consisted of two components; an Ad5-based
“boost” component is administered to boost immune responses stimulated with the “prime”
component, a DNA vaccine. Based on data from the STEP trial, PAVE 100 was redesigned
and reduced in its proposed scope. The redesigned PAVE 100 study would have involved
testing the VRC vaccine in 2,400 rather than 8,500 and would have been conducted only in
U.S.-based, circumcised men who have sex with men and who lack preexisting neutralizing
antibodies to AdS. The redesigned study would have tested the vaccine’s effect on viral load,
provided additional safety information about the product, and examined in detail immune
responses to the vaccine and their impact on viral load. After numerous consultations with
stakeholders, NIH decided that the VRC vaccine regimen did not warrant a trial of this size
and scope and PAVE 100 would not proceed, even in its redesigned form. However, because
the vaccine is scientifically intriguing and sufficiently different from previously tested HIV
vaccine candidates, a smaller, more focused clinical study will be considered. This is likely
to be initiated in 2009.

Advances or Other Highlights

When the STEP trial was stopped, numerous consultations were held to discuss the future
directions of vaccine research efforts. In March 2008, the NIH convened a summit on HIV
vaccine research and development to garner input from experts in the field regarding the
most appropriate balance between vaccine discovery and development. During the summit,
panels of experts facilitated discussion within three broad areas: vaccine-related basic
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research, vaccine discovery and vaccine development; animal model development and
utilization and clinical research and trials. Consensus emerged from the summit that
traditional approaches to vaccination are likely not to be effective for HIV prevention. A shift
in the balance between product development and discovery of innovative vaccine concepts
was recommended to ensure flexibility and streamlining of discovery research. There was
also consensus that NIH should be more selective in moving candidate vaccines into clinical
trials and that non-human primate studies should be performed in parallel with human studies
to determine whether a vaccine candidate should be developed.

To begin shifting the balance between basic and clinical HIV vaccine research, two new
Requests for Applications (RFAs) were released during FY 2008 The Basic Vaccine
Discovery RFA aims to accelerate vaccine discovery efforts by generating new knowledge to
inform new conceptual approaches to vaccine design. The Highly Innovative Technologies to
Interrupt Transmission of HIV (HIT-IT) RFA aims to stimulate the development of novel,
unconventional, high-risk, high-impact approaches. Awards for both initiatives are expected
to be made in July 2009. As a result of this shift, new awards for two long-standing programs
will be paused for at least a 2-year period, the Integrated Preclinical/Clinical AIDS Vaccine
Development Program and the HIV Vaccine Design and Development Team. This will slow
the opportunity to advance vaccine candidates into phase I trials.

During FY 2008, NIAID established a new branch within the Vaccine Research Program at
the Division of AIDS. The new Vaccine Discovery Branch will accelerate the translation of
basic discoveries about HIV into advances in vaccine design and evaluation. It will monitor
scientific developments in multiple fields related to HIV vaccine discovery, build more
bridges between basic researchers and HIV vaccine designers, identify gaps in knowledge
pertinent to a preventive HIV vaccine and promote research to fill those gaps. In addition, the
new branch will oversee the Center for HIV/AIDS Vaccine Immunology (CHAVI), a
consortium of universities and academic medical centers established by NIH to solve major
problems in HIV vaccine development and design.

Below is a list of the clinical trials that were initiated, completed or stopped during FY 2008.

e Many ancillary studies have been initiated in the HVTN to better understand the
results of the STEP and Phambili trials.

o Four studies were initiated:
1. HVTN 070 — a phase I study of the safety and immunogenicity of a DNA vaccine
(gag/ pol/env) given alone or with one of two cytokine plasmid adjuvants (IL-12 or
IL-15)
2. HVTN 404 — an observational study of HIV trial participants who become infected
after participated in a vaccine study
3. HVTN 802 — an observational study of HIV trial participants on antiretroviral
therapy who were enrolled in a vaccine efficacy study
4. A phase I study to evaluate the safety and immunogenecity of an adenoviral vector
(Ad26) for the delivery of HIV genes as an HIV vaccine — funded via an individual
grant (D. Barouch, Harvard University)
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Vaccinations in four studies were stopped as a result of the data from the STEP study,
but participant follow-up continues.

1. HVTN 071 — a phase IB open-label study designed to characterize the immune
response, particularly the T-cell response, to a 3-dose regimen of the Merck
adenovirus-based HIV gag/pol/nef vaccine in HIV-uninfected adults

2. HVTN 503 — the Phambili trial, which was a companion study to the STEP study
3. HVTN 069 — a phase I trial comparing the safety, tolerability and immunogenecity
of 3 regimens of 3 DNA primes and 1 Ad5 boost vaccines

4. HVTN 072 — a phase IB trial intended to assess the VRC Ad5 vaccine in
combination with a VRC DNA or VRC AdS5 vaccine

Planned participant follow-up was completed in 5 HVTN trials.

1. HVTN 055 — a phase I study of four vaccines candidates, each of which is a
poxvirus vector with an HIV gene insert

2. HVTN 060 — a phase I study to test a DNA-based vaccine with a modified gene
insert

3. HVTN 064 — a phase I study of two different products, EP 1043, a protein vaccine,
and EP HIV-1090, DNA vaccine

4. HVTN 067 — a phase I study of two vaccines candidates, a DNA vaccine and an
modified vaccinia Ankara (MVA) vaccine. This study did not proceed to its second
stage because a lack of immunogenecity was seen in the first stage.

5. HVTN 204 — a phase II clinical trial evaluating the safety and immunogenecity of
the VRC’s multiclade HIV 6 plasmid DNA vaccine followed by the VRC’s
multiclade HIV-1 AdS5 in HIV uninfected adults (follow-up of participants is being
extended).

Three studies (HVTN 204, RV 172, and IAVI 001, the Triad) evaluating safety and
immunogenicity of the VRC DNA prime and adenovirus boost in healthy volunteers
completed their first phase of follow-up in Africa and the Americas and participants have
been unblinded to their vaccine assignment (i.e., either vaccine candidate or placebo). The
studies provided expanded safety and immunogenicity data to support efficacy evaluation of
the VRC vaccine if a smaller, more focused HVTN trial (HVTN 505) is implementated.
Several public presentations of data from these Triad studies have occurred at international
meetings during the year.

In addition, several studies funded by the NIH and conducted in collaboration with the
USMHRP were still underway during FY 2008. These include:

RV 144 — a Phase III trial of Aventis Pasteur live recombinant ALVAC-HIV
(vCP1521) priming with VaxGen gp120 B/E (AIDSVAX® B/E) boosting in HIV-
uninfected Thai adults. Following an interim analysis in July 2008, the Data and
Safety Monitoring Board (DSMB) recommended that the study continue to its
completion in July 2009.

RV 156A — an amended version of a previous study in Uganda, RV 156, in which 15
subjects were randomized to receive the VRC DNA vaccine and 16 were randomized
to receive placebo. In RV 156A, this subset of eligible subjects from RV 156 were
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boosted with the VRC Ad5 vaccine.

e RV 172 —a Phase I/II clinical trial evaluating the safety and immunogenicity of NIH-
VRC's Ad5 vaccine alone and in combination with another NIH-VRC's 6-plasmid
DNA vaccine in HIV-I uninfected adults. The study has enrolled 326 participants at
USMHRP vaccine sites in Kenya, Tanzania and Uganda. RV 172 was harmonized
with the HVTN 204 and IAVI 001 studies to prepare for advanced phase studies of
these vaccines.

In the past year, data from several preclinical and clinical HIV vaccine studies have been
published that will help inform and further HIV vaccine research efforts.

e The first comprehensive immunologic analysis of the vaccine-induced responses in
the STEP trial and an article describing the results of the study (in press).

o A study showing that antigen persistence is the cause rather than the consequence of
the functional impairment of T cell responses observed during chronic HIV infection

e A study of novel recombinant adenovirus vaccines showed promise in rhesus
monkeys

e A study elucidating the structure of the epitope recognized by one of the monoclonal
antibodies (4E10). A number of broadly reactive neutralizing antibodies have been
identified that target a specific region of the HIV envelope protein known as the
membrane proximal external region (MPER). Scientists have been unable to induce
such antibodies using immunogens designed to simulate the MPER region. The study
found that the 4E10 epitope is embedded in the lipid envelope of the virus, suggesting
that immunogens designed to elicit these types of antibodies may need a lipid
component.

e A study using mathematical modeling found that most clade B HIV infections are
established by a single virus, suggesting a small window of potential HIV
vulnerability to vaccine-elicited immune responses

PART
This goal was included in the FY 2005 PART of the HIV/AIDS Research Program. NIH
will continue to achieve this goal's annual requirements as indicated by the PART
Improvement Plan.
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SRO-3.5 By 2013, identify and characterize at least 2 human candidate genes that have been shown
to influence risk for substance use disorders and risk for psychiatric disorders using high-
risk family, twin, and special population studies.

BACKGROUND
Many studies have indicated that genetic components contribute to the risk of substance use
disorders and comorbid psychiatric disorders. Identifying susceptibility genes and
understanding how they might contribute to these disorders have been a major research
focus. These efforts have been limited by the difficulties inherent to the genetic study of
complex disorders. However, advances in the development of new technologies such as
single nucleotide polymorphism (SNP) and haplotype genotyping have led to the
identification of genes such as GABRA?2 (chromosome 4) associated with alcohol and drug
dependence and CHRM2 (chromosome 7) associated with alcohol dependence and major
depressive disorder. In addition, a polymorphism of the catechol-O-methyltransferase
(COMT) gene has also been linked to several psychiatric disorders such as alcoholism,
schizophrenia, and anxiety.

Recently, the development of high density SNP technologies have been applied to Genome-
wide Association Studies (GWAS) to identify novel genes in individual human patient
samples to complement classical family-based studies. Identifying additional genes that
influence risk for substance abuse and co-occurring psychiatric disorders and understanding
their functional implications will lead to the development of more effective therapies in these
complex diseases.

Prevalence/Incidence

In 2002, the World Health Organization cited alcohol as the third leading risk factor for
preventable, premature death in developed countries, after tobacco and hypertension. In the
United States, alcohol is the third leading root cause of death not attributable strictly to
genetic factors, after tobacco and diet/activity patterns. Nearly 18 million American adults
(8.5% of the population age 18 and older) suffer from alcohol use disorders, i.e., alcohol
abuse and alcohol dependence (alcoholism). Children also are at risk for alcohol related
problems. Almost 30 percent of 9th to 12th graders report having five or more drinks, in a
row, at least one day of the previous month.

According to the National Survey on Drug Use and Health, in 2003 an estimated 19.5 million
Americans aged 12 or older were current users of an illicit drug, and an estimated 70.8
million Americans reported current use of a tobacco product. Moreover, an estimated 21.6
million persons aged 12 or older can be classified with substance abuse or addiction. In
addition, according to the National Survey on Drug Use and Health, among the 15.9 million
heavy drinkers aged 12 or older, 32.6 percent were current illicit drug users.

Co-occurring diagnoses of substance abuse and mental illness are highly prevalent, with

some estimates of as many as 7 to 10 million Americans suffering from both. Up to 66% of
substance abusers are likely to be diagnosed with a psychiatric disorder during their lifetimes.
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Persons with diagnoses of severe mental illness are far more likely to have co-occurring
substance abuse disorders. Of individuals diagnosed with major depression, 25% also abuse
drugs and/or alcohol. Women with bipolar disorder are seven times more likely to be
alcoholics than women without psychiatric diagnoses.

Disease Burden

Alcohol use disorders cost U.S. society almost $185 billion each year through injury, lost
wages, property damage, death, and other factors. Unlike other drugs of abuse, alcohol can
have toxic effects on any organ or system in the body such as the brain, cardiovascular
system, liver and pancreas. Alcohol use also is linked to some kinds of cancer. Co-occurring
psychiatric and other substance use disorders are associated with severity of alcohol
dependence. Individuals who suffer the most severe subtype of alcohol dependence
experience the highest rates of Antisocial Personality Disorder and psychiatric disorders such
as depression, bipolar disorder and anxiety disorder. These individuals (9% of U.S. alcohol
dependent individuals) comprise the largest proportion of alcohol dependent individuals who
undergo treatment.

Rationale

Clinical assessments show that many individuals diagnosed with substance use disorders are
also affected by other psychiatric disorders, suggesting the possibility that common pathways
may underlie both types of disorders. Recent evidence suggests there are common genetic
influences on the risk for substance abuse and psychiatric disorders. To date we do not know
the specific genes associated with this shared genetic risk. Genome-wide linkage/association
studies have identified many chromosomal regions containing candidate genes that contribute
to the susceptibility of alcohol dependence and other comorbid psychiatric disorders. Use of
rapid genomic technologies, such as SNP genotyping and haplotype map analysis, have
advanced the discovery of genes from previously identified chromosome regions and
continue to be useful tools in genomic studies. The identification of gene/allelic variations
associated with alcohol and other substance dependence as well as psychiatric disorders will
advance understanding of the genetic influences on these disorders, provide important clues
to the underlying causes of these disorders, and ultimately, facilitate the development of new
prevention strategies and therapeutic interventions.

PERFORMANCE ANALYSIS
Target Context and Conditions
NIH plans to identify genetic variations underlying addiction vulnerability. This will be
accomplished through positional cloning using whole genome scanning and a candidate
gene association approach in samples that have been previously collected from high-risk
family, twin, and special population studies. Studies with high risk family, twin and special
populations have been instrumental in identifying the genetic determinants of alcohol
dependence and other disorders. Comparisons of genetic materials from individuals with
and without alcohol use disorders and comorbid psychiatric disorders from within these
groups will help researchers continue to identify genetic variations that confer vulnerability
to these disorders. Variations in the identified genes will be examined through the use of
knockout and transgenic mice, as well as through human pharmacogenetic studies in the
populations indicated above, to understand differences in addiction vulnerability across
individuals with different genotypes.
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In the first phase of the goal, the association of newly identified genes to alcohol use
disorders and comorbid psychiatric disorders will be cross-validated by independent studies
using different populations and sample sources. In the next phase, more genes and variants

of genes validated during the first phase will be identified using rapid genomic

technologies. Finally, in the last phase of the goal, the identified genes and variants will be
studied and characterized for function. These steps may overlap as new genetic associations
to alcohol dependence and co-occurring psychiatric disorders are discovered and genetic
variants are identified and characterized for function.

Baseline 2008
e (FYO06) Susceptibility genes located on identified chromosomal regions have been mapped.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) Replicated  [Perform fine (MET) Fine Identify potential (MET) Functional |Validate the
the genetic mapping studies to  [mapping studies functional differences were functional
associations of identify specific were conducted to  |differences from fine|identified for the differences identified
GABRA2, ADH4, [|haplotypes for the [identify specific mapping studies of |A118 allele of the |from previous fine
and CHRM2 to most promising haplotypes of genes |specific haplotypes. [OPRMI gene. mapping studies.

alcohol dependence
in different sample

sources in multiple

groups.

genes, and seek
potential functional
differences coming
from these
haplotypes.

that influence risk
for alcohol
dependence.
Functional
differences of
various haplotypes
were identified.

Research was
conducted on
functional
differences of
haplotypes in the
GABRA2 gene.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was MET. NIH-supported research has identified genes associated with
increased risk for alcohol dependence and co-occurring disorders. At the fine mapping level,
researchers have identified single nucleotide polymorphisms and sets of closely linked SNPs,
i.e. haplotypes, which are specifically associated with an elevated risk for alcohol
dependence in various populations. In a recent study of European American alcohol
dependent subjects, those with the A118 allele who received naltrexone therapy drank less
alcohol, as measured by the number of days they were abstinent while on the drug, than those
without this gene variant. In previous research, the A118G allele was been found to be
associated with response to treatment with the drug naltrexone. The A118G allele is a
functional sequence variant in the OPRM1 gene (chromosome 6) which encodes the mu
opiod receptor involved in the brain reward system.

Recent studies have shown a significant association between alcohol dependence and specific
haplotypes and SNPs in a region of chromosome 4 that extends beyond GABRA?2 in the
direction of the adjacent gene GABRG1. Research has described a number of haplotypes in
both GABRA2 and GABRGT that confer different risks for alcoholism among individuals
from Caucasian (Finnish, European American), African American and Native American
populations. Taken together, the fine mapping studies suggest that there are likely to be
independent, complex contributions from both GABRA2 and GABRGI to alcoholism
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vulnerability. Although functional sequence variants in GABRAZ2 specifically are yet to be
identified, research continues to locate functional SNPs within this gene.

These results do not necessarily suggest that the sample populations are at increased risk for
alcohol dependence, but rather individuals possessing these genetic variants may be more
vulnerable to developing the disease. The sequence variants may be useful in the future as
markers to predict risk of developing alcohol dependence and related disorders, or to predict
treatment response to medications and personalize treatment regimens for affected
individuals.

Advances or Other Highlights

Research was conducted on the protein NF-kB1. This protein regulates genes that interact
with alcohol in the brain and its actions are enhanced by ethanol. The gene that encodes the
protein, NFKB1, is located in a broad region of chromosome 4 that is linked to alcohol
dependence. Therefore, NFKB1was analyzed as a candidate gene for contributing to alcohol
dependence. Nineteen SNPs in this gene were studied and eight were significantly associated
with alcohol dependence in high risk European American families.

In other findings, SNPs in receptor genes for the neurotransmitter Neuropeptide Y
(chromosome 4) have been associated with alcohol dependence, particularly a severe subtype
of alcohol dependence characterized by withdrawal symptoms, as well as comorbid alcohol
and cocaine dependence, and cocaine dependence. These studies were performed with
European-American subjects of alcoholic families participating in the Collaborative Studies
on the Genetics of Alcoholism (COGA), a NIH-supported initiative.
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SRO-3.6 By 2012, develop and apply clinically one new imaging technique to enable tracking the
mobility of stem cells within cardiovascular tissues.

BACKGROUND
Disease Burden
Although cardiovascular disease (CVD) death rates have declined over the past few decades,
CVD (including coronary heart disease (CHD), heart failure, and peripheral arterial disease)
remains the leading cause of death and disability in the United States. According to the 2002
National Health and Nutrition Examination Survey, an estimated 13 million Americans have
CHD and 7.1 million have experienced a heart attack. CHD accounted for over 2 million
hospitalizations, at an estimated cost of $142 billion, and approximately one half million
deaths during that year. The aging of the U.S. population and the growing epidemic of
obesity will likely increase the prevalence and cost burden of CVD in the U.S. in coming
years. Aggressive approaches to revascularization and advances in medical management
have improved the lives of many patients with CVD. Nonetheless, continued disability for
many patients and escalating attendant societal costs, mandate searches for improved
treatments.

Rationale

Based on remarkable successes achieved in animal models of ischemia, cell-based treatments
using stem and progenitor cells from a variety of tissues have begun to be tested in humans.
Results from relatively small numbers of patients have suggested benefit from cell-based
approaches, but methods to determine the localization and phenotypic fate of administered
cells would provide insight into the mechanism(s) of benefit, enable development of other
therapeutic approaches to accomplish similar end-points (e.g., using cells as a 'drug delivery
devices'), and facilitate detection of possible toxic effects (e.g., accumulation of cells in
nascent neoplasms). Conventional techniques for tracking exogenously administered cells in
animal models require fluorescent or genetic marking with identification of cells in
histological sections. Imaging modalities are needed to track cells in intact animals and,
ultimately, in humans. Ultra-small supermagnetic iron oxide particles have been tested for
cell imaging in studies using magnetic resonance imaging (MRI). Because they are
incorporated into cells by endocytosis and concentrated in endosomes, resulting in
magnification effects on the signals that are used to generate images (Hinds et al. Blood
2003; Arbab et al. Transplantation 2003), they may permit imaging of small numbers of cells
over several weeks. Moreover, they appear to be biocompatible and non-toxic, with some
preparations already approved by the FDA for non-stem cell applications. Initial work at NIH
has used serial MRI of mesenchymal stem cells (MSCs) labeled with iron fluorescent
particles in a pig infarct model (Hill et al. Circulation 2003; Dick et al. Circulation 2003) to
show that labeled MSCs injected into the myocardium are readily visible up to 21 days post-
infarction in the region of the infarct and that injection sites containing as few as 105 MSCs
can be detected by MRI.
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Scientific understanding of stem cell-based therapy has progressed considerably since the
goal was initiated. Results reported in the literature from several pre-clinical and clinical
studies using stem cells to treat cardiovascular disease show promise for reducing the
progression of disease but not for reversing damage to the myocardium or generating new
blood vessels. Moreover, preclinical data gathered by NIH researchers over the past few
years suggest that the differentiation (the process by which an unspecialized cell, such as a
stem or progenitor cell, becomes specialized into one of the many cells that make up the
body, such as a heart, liver, or muscle cell that performs specific functions) of stem cells is
not properly controlled during injection of stem cells into animal or human subjects. For the
stem or progenitor cells to be effective at stimulating repair and/or regeneration, the cells
need to differentiate into the specific types of cell needed to promote repair and regeneration.
Therefore, the inability to control the differentiation of the cells limits their therapeutic
potential. NIH-funded researchers have begun to focus on improving understanding of stem
cell differentiation in order to develop methods to direct the differentiation or development of
stem cells along specific cell lineages to yield replacement cells for clinical use.

Other recent studies suggest that cytokines, proteins produced and secreted by stem cells,
may play an important role in the repair of damaged tissues. The unexpected results have
shifted thinking in the field. Scientists are now devoting considerable effort to understanding
the role of cytokine production by stem cells rather than focusing solely on assessing their
differentiation state. Researchers continue efforts to develop noninvasive imaging techniques
for monitoring cell-based therapy because cell therapy remains an important potential
strategy for delivering secreted factors, such as cytokines, to patients. For example, NIH
extramural researchers currently are developing methods to protect and track stem cells using
a cell encapsulation strategy designed to be used with X-ray CT imaging. The ultimate goal
of the research is to develop a cell-based therapy for peripheral arterial disease (PAD), a form
of CVD in which plaque builds up inside the walls of the arteries blocking the flow of blood
from the heart to the head, internal organs, and/or limbs.

PERFORMANCE ANALYSIS
Target Context and Conditions
The NIH intramural program has undertaken a multimodality imaging effort to develop
tools to track cardiovascular stem cells in vivo, and ultimately in patients. Efforts in the
intramural program entail:

e Development and testing of MRI agents for ex-vivo labeling and in vivo tracking of
cardiovascular stem and progenitor cells. Cell labeling for MRI stem cell tracking has
been conducted successfully using various iron preparations. The NIH has already
demonstrated in vivo cell tracking of mesenchymal stromal cells (Hill et al. Circulation
2003). NIH investigators also have tracked hematopoeietic stem cells accumulating in
injured rat hearts using clinical-grade reagents (EJ Read, JA Frank, submitted 2004).

e Development of a PET/MRI/CT system in which an animal model or patient can be
imaged with no motion between the two modalities. Single-modality PET is employed
for investigational and clinical applications. Compared with MRI or CT, PET
radionuclides may enable detection of cells with higher sensitivity. However, PET
suffers from low spatial and temporal resolution. In comparison, MRI or CT can provide
superior spatial and temporal resolution, anatomic localization of cells to tissue injury,
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and generation of functional data. MRI provides local measures of cardiac function that
would allow quantification of the recovery of function in areas where labeled cells are
administered.

The development of a novel imaging technique to track stem cell mobility through

cardiovascular tissues will capitalize on the current aspects of conventional imaging and
labeling methodology:
- basic imaging modalities of optics, MRI, and PET
- the promise of studies using particle uptake as a labeling strategy

- the results of using initial genetic modification for fluorescence protein labels

The NIH extramural program is supporting efforts to develop and test a new imaging tool to
promote stem cell engraftment and allow stem cell tracking in vivo. Efforts in the
extramural program entail:

e Development of a method to prevent rapid destruction of stem cells in vivo. One of the
major barriers to the development of allogenic cell-based therapy is the rapid destruction
of allogenic cells in vivo. Extramural researchers are developing a cell encapsulation
agent to protect and enable tracking of mesenchymal stem cells.

o Because the researchers plan to use allogeneic stem cell therapy, which uses cells from a
donor rather than the patient's own cells, the immune system may react to the donor
cells causing their rapid destruction. The researchers hypothesize that encapsulation will
enhance cellular viability within the capsule and protect the cells from a reaction by the
recipients immune system, leading to enhanced cellular survival and engraftment.

o Evaluation of the use of the cell encapsulation agent to allow stem cell imaging and
tracking using X-ray CT imaging.

Baseline 2008
e (FYO07) Current cellular therapies suffer from extremely low cell engraftment due to early
destruction of cells.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) NIH- (MET) Researchers |Initiate validation |(NOT MET) Due to [Formulate a (MET) A Demonstrate that
researchers in the NIH and toxicity studies. [changes in the biocompatible cell |biocompatible cell |encapsulated cells
successfully intramural program scientific field and a [encapsulation agent [encapsulation agent |can be tracked non-

developed an optical
microscope system
to monitor single
cells in intact
animals.

have developed
probes that are
compatible with
optical microscopy
techniques
developed by
intramural scientists.

new direction for
this goal, this step to
initiate and validate
toxicology studies
was not needed at
this time.

designed to protect
and track
mesenchymal stem
cells for
administration to
patients to promote
cell survival and
engraftment.

to facilitate cell
tracking and survival
has been formulated.

invasively by X-ray
computed
tomography.
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SUMMARY OF 2008 PERFORMANCE RESULTS
Target
The FYO08 Target was MET. The target was met by the production of X-ray and MRI-visible
alginate microcapsules, which were used to encapsulate mesenchymal stem cells (MSCs).
The viability of the encapsulated stem cells was then studied in vivo in a rabbit model.
Encapsulation of the cells was shown to help maintain their viability while simultaneously
providing a method to deliver and track retention of the cells in vivo using conventional
fluoroscopy (X-ray imaging). The results advance the goal by providing a potential method
to promote cell survival and engraftment to prevent the early destruction of the transplanted
stem cells by the immune system.

Efficiency
Investigators made significant progress in development of the cell encapsulation agent,
allowing the target to be met ahead of schedule.

PART
This goal was included in the FY 2007 PART of the Intramural Research Program. NIH
will continue to achieve this goal's annual requirements as indicated by the PART
Improvement Plan.
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SRO-3.7 By 2019, develop at least two novel therapies for immune-mediated disease.

BACKGROUND
This goal is one of several new trans-NIH initiatives created within the Office of Intramural
Research and focuses on the translation of advances in basic immunology research to the care
of patients. The ultimate objective of this goal is to facilitate information sharing among
clinicians, between clinical and basic investigators, and to develop new therapies for diseases
involving the immune system. As a component of the goal, the NIH may propose to create a
new center within the NIH intramural research program to foster collaborations that attempt
to rigorously characterize similarities and differences in pathophysiologies, with a major
objective being the determination of possible common mechanisms of inflammation or
immunologically-based disease that could be treated with common therapies. Other
objectives include the development of high-risk projects, less conventional areas; NIH
investigator-initiated intra- and extramural clinical collaborations to better utilize the vast
resources of the Clinical Research Center; establishment of specific core facilities, as
examples, generating valuable reagents and to facilitate the development and execution of
clinical protocols and novel drug development, and broader sharing of existing core facilities
in tetramer biology, flow cytometry, cytokine measurements and other specific immunologic
assays, and nucleotide sequencing; and expansion of current training programs.

Rationale

NIH is in a unique position to foster increased interaction among different clinical specialties
and to create trans-disciplinary translational and clinical programs at the research and
training levels. This effort would help to achieve horizontal and vertical integration of
advances from a wide range of medical sub-specialties and between basic and clinical
sciences. The program could be paradigmatic for research at NIH, allowing the more rapid
development and testing of novel therapies to directly benefit patients; creating a new
perspective for interdisciplinary training; and ultimately providing a model for focused trans-
NIH research that is intended to be synergistic in its creation of opportunities without being
directive and diminishing the valued role of the individual principal investigator. The NIH
intramural research program is in the best position to attempt these types of integrated
translational, clinical, or educational approaches because of its concentration of expertise and
technical resources.

PERFORMANCE ANALYSIS
Target Context and Conditions
This initiative promotes research that can result in improved translational research for
immune-mediated diseases and can directly result in improved therapies important and
often unique biologic information from the study of humans. The spectrum of diseases that
a trans-NIH initiative in autoimmunity and immunology could include is large and diverse.
The broad scope of current disease research in the different Institutes should provide the
required resources, communication, and cross-fertilization among the different disciplines
that are at the heart of this initiative and justify the uniqueness of NIH in attempting this
type of endeavor.
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NIH investigators, in collaboration with extramural academic investigators, have launched
two clinical projects to address the failure of interferon-based therapy in patients with late-
stage chronic hepatitis C and to gain insight into the mechanism of non-response to
interferon-based therapy and develop new strategies to improve the treatment response rate.
Complementing these areas of investigation will be research to establish the role of early

cellular immune responses in the outcome of acute hepatitis C virus.

Antithymocyte globulins (ATG), biological agents with complex immunosuppressive and
immunomodulatory effects are widely used and effective in immune-mediated human

diseases, including for the treatment of graft-versus-host disease in stem cell

transplantation, to prevent and treat graft rejection in solid organ transplantation, and in a
variety of autoimmune hematologic diseases. ATGs from horse and rabbit sources are often
used interchangeably, but laboratory data suggest that they are not identical, and their
mechanisms of action are imperfectly understood. The relative efficacy of horse and rabbit
ATGs in aplastic anemia needs to be tested with concomitant laboratory studies of
lymphocyte phenotype and function. NIH anticipates developing a protocol, including

ancillary assays of immunologic function, to improve administration of the

immunosuppressive biologic anti-thymocyte globulin from horse and/ or rabbit in the

treatment of an autoimmune disorder.

With advances in high-throughput technology, researchers engaged in large-scale genome-
wide association studies are now able to examine genetic variations in a shorter time frame
and at a much lower cost. Sample collection is underway for a genome-wide association
study of Behcet's disease, a complex disorder of inflammation affecting skin, eyes,
gastrointestinal tract, lungs, vasculature, and joints. NIH researchers have obtained new
technology to examine these data in order to identify susceptibility genes that could be used
to develop targeted treatment strategies.

FY 2005
Actual

FY 2006
Actual

FY 2007
Target/ Estimate

FY 2007
Actual

FY 2008
Target/ Estimate

FY 2008
Actual

FY 2009
Target/ Estimate

Develop a protocol,
including ancillary
assays of
immunologic
function, to improve
administration of the
immunosuppressive
biologic anti-
thymocyte globulin
(from horse and/ or
rabbit) in the
treatment of an
autoimmune
disorder.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

Performance Results for the FY09 GPRA Performance Target will be reported in February,

2010.
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SRO-3.8 By 2016, determine the optimal tailored treatment regimen for patients with early stage
breast cancer that maximizes the benefits of chemotherapy while minimizing the side-
effects of unnecessary treatment.

BACKGROUND
Breast cancer is the most frequently diagnosed cancer in women, with an estimated 178,480
new cases of invasive breast cancer expected in the United States in 2007. Over one-half of
these women will have estrogen receptor positive, lymph node negative breast cancer. For 80
percent to 85 percent of those women, the current standard treatment practice is surgical
excision of the tumor, followed by radiation and hormonal therapy. Chemotherapy is also
recommended for most women, but the proportion of women who actually benefit
substantially from chemotherapy is fairly small.

Rationale

The majority of women with early-stage breast cancer are advised to receive chemotherapy
in addition to radiation and hormonal therapy, yet research has not demonstrated that
chemotherapy benefits all of them equally. Because chemotherapy can cause serious side
effects such as nausea, hair loss and fatigue, as well as long-term effects such as second
cancers, doctors want to find ways to identify patients who will benefit from chemotherapy
and those who may be able to avoid it because of little added benefit. For women with node-
negative, estrogen receptor-positive breast cancer, the benefit of adding chemotherapy to
hormone therapy is small. The use of a molecular profiling test (a technique that examines
many genes of the tumor simultaneously) in clinical decision making may more precisely
estimate a woman’s risk of cancer recurrence than standard characteristics normally used to
assess recurrence risk (tumor size, tumor grade, etc.). This may spare women unnecessary
treatment if chemotherapy is not likely to be of substantial benefit.

The Trial Assigning IndividuaLized Options for Treatment (Rx), or TAILORX, was launched
to examine whether assigning patients to treatment based on the level of expression in the
tumor of genes that are frequently associated with risk of recurrence for women with early-
stage breast cancer will lead to the most appropriate and effective treatment. Women recently
diagnosed with estrogen receptor and/or progesterone receptor positive, Her2/neu negative
breast cancer, which has not yet spread to the lymph nodes, are eligible for the study. This
trial is one of the first to examine a methodology for personalizing cancer treatment, and it
aims to change the way breast cancer is treated. It should improve the quality of patient’s
lives by identifying women who are likely to benefit from chemotherapy and those who are
not. TAILORX seeks to individualize cancer treatment by using, evaluating, and improving
the latest diagnostic tests.

PERFORMANCE ANALYSIS
Target Context and Conditions
TAILORX is sponsored by the National Institutes of Health (NIH), and is coordinated by the
Eastern Cooperative Oncology Group (ECOG). Numerous clinical trials groups that
perform breast cancer research studies have collaborated in the trial's development and are
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participating in this study. The study will enroll over 10,000 women at approximately 700
sites in the United States, Canada, Peru and Ireland. Women will be studied for 10 years,
with an additional follow-up of up to 20 years after initial therapies.

Molecular profiling with the Oncotype DX™ test will be used to analyze a specific set of
genes within the breast tumor to determine a recurrence score. The recurrence score is a
number between 0 and 100 that corresponds to a specific likelihood of breast cancer
recurrence within 10 years of the initial diagnosis. Based on their recurrence score, women
will be assigned to three different treatment groups in the TAILORX study:

* Women with a recurrence score higher than 25 will receive chemotherapy plus hormonal
therapy (the standard of care)
* Women with a recurrence score lower than 11 will receive hormonal therapy alone

» Women with a recurrence score of 11 to 25 will be randomly assigned to receive adjuvant

hormonal therapy, with or without chemotherapy.

TAILORX is designed primarily to evaluate the effect of chemotherapy on those with a
recurrence score of 11 to 25. The trial will require 4,390 women to be randomly assigned to
ensure a statistically valid assessment of the effect of chemotherapy. Because the degree of
benefit of chemotherapy for women with recurrence scores between 11 and 25 is uncertain,
TAILORX seeks to determine if a validated diagnostic test (Oncotype DX™) will be helpful
in future treatment planning for this group. Achievement of this goal is conditional on
receiving the requested levels of funding.

Baseline 2008

e (FYO07) Approximately one-third of trial participants recruited.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
Accrue two-thirds of |(MET) The Complete accrual for
the TAILORX trial |TAILORX trial the TAILORX trial.
participants. accrued 3227

participants (73.5%)
to the randomized
study.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FYO08 target has been MET. The trial was designed to pre-register over 10,000 patients
so that 4,390 patients could be accrued to the randomized trial. As of September 2008, there
were 3227 subjects accrued to the randomized study. This is 73.5% of the planned accrual

goal.

Advances or Other Highlights
This study is being carefully monitored by the Eastern Cooperative Oncology Group
(ECOQG). A review of the information received in 2008 indicated there was a non-random
failure to accept treatment assignment and resultant patient drop-out, which is not unusual in
trials of this type. However, noting the lack of compliance was non-random allowed for
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adequate intervention in terms of increased investigator education at the participating sites
and engagement of breast cancer consumer partners to assist in participant education.
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SRO-4.3 By 2009, evaluate the safety and efficacy of two new treatments for nonalcoholic
steatohepatitis (NASH) in adults.

BACKGROUND
Nonalcoholic fatty liver disease (NAFLD) is a major cause of liver disease in the U.S. In the
initial stage of the disease, fat accumulation in hepatocytes leads to the development of fatty
liver (steatosis) that is characterized by excessive triglyceride deposition. NAFLD is often
associated with elements of the metabolic syndrome, a clinical constellation of obesity,
hypertension, insulin resistance, glucose intolerance, and hyperlipidemia, and encompasses a
spectrum of liver disorders from simple hepatic steatosis to the more ominous condition
known as NASH. NAFLD can eventually lead to severe fibrosis (cirrhosis), and in some
patients hepatocellular carcinoma—all in the absence of alcohol consumption in amounts
considered detrimental to the liver. NASH, the most severe form of NAFLD, is a progressive
liver disease characterized by inflammation. Patients with NASH frequently have other co-
morbid conditions such as obesity, diabetes, and hyperlipidemia (excess fatty materials in the
blood)—components of the “metabolic syndrome,” with insulin resistance emanating as the
most significant and consistent underlying abnormality. NASH occurs most often in adults
over the age of 40 who are overweight or have diabetes, insulin resistance (pre-diabetes), or
hyperlipidemia. Approximately 5% of liver transplants are due to end-stage NASH.

Prevalence/Incidence

Although the true prevalence of NAFLD is unknown because it is unethical to perform liver
biopsies on unselected asymptomatic patients from the general population, it is estimated to
affect approximately 20-30% of the U.S. adult population. NAFLD occurs in all age groups,
including children, and its prevalence increases with increasing body mass index. NASH is
associated strongly with obesity and type 2 diabetes, conditions that have been increasing
markedly in the U.S. population in the previous two decades. NASH accounts for about 10
percent of newly diagnosed cases of chronic liver disease, and ranks as one of the leading
causes of cirrhosis in the United States.

Rationale

Given the rising prevalence of obesity in the general population, NASH is likely to become a
significant future cause of liver-related morbidity and mortality. No approved treatments
exist for NASH or NAFLD. An effective treatment for NASH—targeting the inflammatory
component—would greatly impact morbidity/mortality and health care utilization associated
with NASH.

PERFORMANCE ANALYSIS
Target Context and Conditions
The NIH has initiated a randomized clinical trial to evaluate the safety and efficacy of
pioglitazone versus vitamin E versus placebo for the treatment of non-diabetic patients with
NASH (PIVENS). The target patient recruitment of 240 will be randomized into three arms,
treated for 96 weeks and outcome measured by liver biopsy. The trial has significant
industry sponsorship through a Cooperative Research and Development Agreement
(CRADA).
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Baseline 2008

e (FYO07) 247 patients enrolled in PIVENS

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
Complete total (MET) NIH Retain/collect (MET) To date, Complete goal of
enrollment of 240  |completed outcome data from |greater than 91 evaluating the safety

participants in
PIVENS randomized
clinical trial to
evaluate the safety
and efficacy of two
new treatments for
NASH in adults.

enrollment of 247
participants by
January 2007.

greater than 85% of
the participants in
PIVENS to assess
liver function.

percent of the
participants in the
PIVENS clinical
study have been
retained and
outcome data
collected to assess
liver function.

and efficacy of two
novel treatments for
NASH in adults.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was MET. As of September 8, 2008, greater than 91 percent of the
expected week 120 visits (week 120 is the end of the study) were completed. Not all of the
study participants have reached week 120 because participants enter the trial at different
points in time. The primary outcome of the trial is based on the liver biopsy test which is
obtained at week 96. About 92 percent of the expected participants have reached week 96,
and hence have been retained and provided endpoints for the study.
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SRO-4.4 By 2011, identify or study additional genes involved in communication disorders in
humans and animal models.

BACKGROUND
The NIH conducts and supports research and research training in the normal and disordered
processes of hearing, balance, smell, taste, voice, speech, and language. These processes of
sensing, interpreting, and responding are fundamental to the way the world is perceived and
the ability to communicate effectively and efficiently.

The NIH recognizes that one of the most rapidly developing areas of research is functional
genomics, which involves determining the identity, structure, and function of genes. NIH-
supported scientists are actively working to understand the genes responsible for human
communication disorders. NIH currently supports a broad portfolio of scientists working
towards this goal, with the hope of using their knowledge to diagnose, treat, or cure
communication disorders.

Below are highlights of the compelling needs of individuals who have communication
disorders and the extraordinary research opportunities at the NIH that address these needs.

Prevalence/Incidence
Birth and Early Childhood

e Each year, approximately two to three out of 1,000 babies born in the United States
have a detectable hearing loss, which can affect their speech, language, social, and
cognitive development.

e About eight percent of American children in kindergarten have a disorder called
specific language impairment (SLI). These children have difficulty developing and
using language. These difficulties affect not only speaking but also reading and
writing tasks.

o Middle ear infections (otitis media) are the most frequent reason that a sick child
visits the doctor. The estimated total cost of otitis media in the United States is $5
billion per year. Children with otitis media can suffer temporary hearing loss during
the infection as well as during treatment, and some may suffer permanent hearing
loss.

e Approximately one out of every 200 American children is diagnosed with autism, a
disease that interferes with normal language and social development. Boys are four
times more likely than girls to be born with autism. Girls with the disorder, however,
tend to have more severe symptoms and greater cognitive impairment.

e Roughly one million American children stutter. Stuttering affects individuals of all
ages, but occurs most often in young children who are beginning to develop language
skills. Boys are three times more likely to stutter than girls.

e Approximately five percent of American children entering first grade have noticeable
speech (phonological) disorders, ranging from a few substituted and missing sounds
to serious impairments that make their speech difficult to understand. These speech
disorders are about 1.5 times more prevalent in boys than girls. The majority of these
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speech disorders have no known cause.

Flavor is the primary determinant of whether children under the age of two eat certain
foods. Based on taste alone, about one-fourth of American infants and toddlers
between seven and 24 months consume no vegetables and about one-fourth consume
no fruits on a given day, which has important nutritional consequences.

Adulthood

Approximately 15 percent (32.5 million) of American adults report some degree of
hearing loss.

There is a strong relationship between age and reported hearing loss: 18 percent of
American adults 45-64 years old, 30 percent of adults 65-74 years old, and 47 percent
of adults 75 years old or older have a hearing impairment. At all ages, more men
(18.6 percent) than women (12.6 percent) report problems with their hearing.
Approximately 10 percent (22 million) of American adults between 20 and 69 years
old have suffered permanent damage to their hearing from exposure to loud sounds or
noise at work or in leisure activities. Noise-induced hearing loss is more prevalent in
men than in women.

Nearly one million American adults have aphasia, a language disorder that results
from damage to the language centers of the brain, and that can occur after a stroke or
other brain injury.

More than six million adults over the age of 60 have swallowing problems. Some
swallowing disorders, such as from stroke, can put people at risk for aspiration
pneumonia.

Each year, 55,000 Americans develop cancer of the head and neck. Treatment for
these cancers and other types of cancer may subsequently result in a loss of hearing,
balance, or the ability to speak and swallow.

Approximately four percent (almost eight million) of American adults report a
chronic problem (lasting three months or longer) with balance, while an additional 1.1
percent (2.4 million) of American adults report a chronic problem with dizziness
alone. Overall, the cost of medical care for patients with balance disorders exceeds $1
billion per year in the United States.

Balance disorders are a major cause of falls by American older adults, and are the
most common reason individuals over the age of 75 visit their primary care physician.
Patient care costs for these falls are more than $8 billion per year.

An estimated 24.5 percent (approximately 15 million) of Americans 55 years old or
older suffer olfactory impairment, which increases with age. Approximately 30
percent of Americans between the ages of 70 and 80 and 62.5 percent over age 80
experience problems with their sense of smell. Impairment in olfaction can have
serious consequences, such as the inability to detect the foul smelling odorants that
are added to natural gas as a warning sign of leaks.

PERFORMANCE ANALYSIS
Target Context and Conditions
NIH-supported scientists are capitalizing on the wealth of knowledge available from the
Human Genome Project. The scientists strive to identify and/or describe inherited genetic
mutations that cause communication disorders or play a role in susceptibility to conditions
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that impair communication. Some areas of active investigation include hereditary hearing
loss, gene variants that predispose an individual to develop age-related hearing loss or
noise-induced hearing loss, genetic mutations that cause syndromes that include hearing
loss, balance disorders, loss of the sense of smell and/or taste, or other communication
disorders, genes inherited by individuals who stutter, and identification of genes that permit
detection of tastants (sweet, sour, salty, bitter) and odors.

To use deafness genes as an example, NIH-supported scientists are examining target
populations (for example, inbred families that carry deafness genes) to identify regions of
DNA that may carry the mutation that causes deafness. Once a putative mutation-carrying
region is identified, NIH-funded scientists compare as much DNA as possible from
different families carrying deafness genes to published human DNA sequences found in
databases. This helps them identify with more precision which region on the chromosome
carries a mutation. The scientists must then sequence the mutated gene from the target
population. In this way, they are identifying new genes responsible for hearing and for the
maintenance of our ability to hear. When these important hearing genes are mutated, they
disrupt hearing and result in hearing loss. By comparing normal and mutated hearing genes,
NIH-funded scientists are able to describe how the protein produced by that gene functions
in the normal and mutated states.

In FY 2010, NIH-funded scientists propose to map a new locus on the human chromosome
where a deafness gene resides. At present, mapping a deafness locus involves screening
families whose members suffer from inherited deafness, and determining if their deafness is
caused by a mutation in a region (locus) of the chromosome that is already known, or if it is
caused by a mutation in a region that has not been previously identified -- a new deafness
locus. Scientists also propose to screen families that suffer from deafness in order to
identify one novel deafness gene.

FY 2005
Actual

FY 2006
Actual

FY 2007
Target/ Estimate

FY 2007
Actual

FY 2008
Target/ Estimate

FY 2008
Actual

FY 2009
Target/ Estimate

Identify or describe
one or more genes
involved with human
communication
disorders.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

Performance Results for the FY09 GPRA Performance Target will be reported in February,

2010.
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SRO-4.5 By 2011, identify genetic and environmental factors which predispose to three complex
diseases.

BACKGROUND
With the completion of the Human Genome Project in 2003 and the International HapMap
Project in 2005, researchers now have a set of research tools that make it possible to find the
genetic contributions to common diseases. The tools include databases that contain the
human genome sequence, the HapMap, a map of human genetic variation and a set of new
technologies that can quickly and accurately analyze whole-genome samples for genetic
variations that contribute to the onset of a disease.

Recently made possible by the completion of the HapMap, a Genome-Wide Association
(GWA) study is an approach that involves rapidly scanning markers across the complete sets
of DNA, or genomes, of many people to find genetic variations associated with a particular
disease. Once new genetic associations are identified, researchers can use the information to
develop better strategies to detect, treat and prevent the disease.

Researchers already have reported considerable success using this new strategy. For
example, in 2005, three independent studies found that a common form of blindness is
associated with variation in the gene for complement factor H, which produces a protein
involved in regulating inflammation. Few previously thought that inflammation might
contribute so significantly to this type of blindness, which is called age-related macular
degeneration.

Similar successes have been reported using GWA studies to identify genetic variations that
contribute to risk of type 2 diabetes, Parkinson's disease, heart disorders, obesity, Crohn’s
disease and prostate cancer, as well as genetic variations that influence response to anti-
depressant medications.

Although genetic variation can contribute to the onset of disease, a person’s environment also
influences disease susceptibility. Environmental factors such as diet, activity level, and
stress, have been linked to common diseases such as cardiovascular disease and diabetes.

Rationale

Recent increases in the incidence of chronic diseases such as type 2 diabetes, childhood
asthma, obesity, or autism are unlikely to be due to major shifts in the human genome, and
are then most likely to be a result of changes in environments, diets, and activity levels.

Both an individual’s genes and environment can increase disease risk, but these risks seldom
operate independently. Subtle variations in a person’s genetic code may have little effect on
their risk of disease unless they are exposed to a specific environmental trigger; conversely,
low level environmental exposures most common in this country may have little impact on
disease risk unless the person exposed is genetically susceptible. To better understand the
processes by which gene-environment interactions cause common chronic diseases, the HHS
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Secretary proposed the Genes and Environment and Health Initiative (GEI), which will
examine these interactions at the level of the individual.

The GEI will have two main components: (1) The Genetics Program, a pipeline for analyzing
genetic variation in groups of patients with specific illnesses using a GWA study; and (2)
The Exposure Biology Program, an environmental technology development program to
produce and validate new methods for monitoring environmental exposures that interact with
a genetic variation to result in human diseases. All data from this initiative will be placed in
NIH databases and can be accessed by NIH-approved users.

Ultimately, the information and tools generated will be used to generate a better

understanding of gene-environment interactions. In disease etiology that can translate into
improved health care and early, more effective interventions.

PERFORMANCE ANALYSIS
Target Context and Conditions
The GEI initiative was created to identify genetic factors which predispose complex
disease, and then to investigate the interplay between genetic and environmental factors. An
initial step toward understanding genetic factors, which lead to common disease, is to
perform GWA studies for diseases of interest. Subsequent analysis will determine how
environmental factors impact genetic factors in the course of disease.

As of 2007, only a handful GWA studies have been completed, and many have not been
replicated, an essential step in order to validate the results of the study.

The 2009 target - "complete genome-wide genotyping for three complex diseases, such as
type 2 diabetes or cardiovascular disease” - will generate the genetic information that will
be investigated in concert with environmental studies.

FY 2005
Actual

FY 2006
Actual

FY 2007
Target/ Estimate

FY 2007
Actual

FY 2008
Target/ Estimate

FY 2008
Actual

FY 2009
Target/ Estimate

Complete genome-
wide genotyping for
three complex
diseases, such as
Type 2 diabetes or
cardiovascular
disease.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

Performance Results for the FY09 GPRA Performance Target will be reported in February,

2010.
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SRO-5.2 By 2009, determine the efficacy of statins in preventing progression of atherosclerosis in
children with systemic lupus erythematosus (SLE, or lupus).

BACKGROUND
Disease Burden
Lupus is a disorder of the immune system known as an autoimmune disease. In autoimmune
diseases, the body harms its own healthy cells and tissues, leading to inflammation and
damage to various body tissues. Lupus can affect many parts of the body, including the
joints, skin, kidneys, heart, lungs, blood vessels, and brain. Although people with the disease
may have many different symptoms, some of the most common ones include extreme
fatigue, painful or swollen joints (arthritis), unexplained fever, skin rashes, and kidney
problems.

Lupus is a complex disease whose cause is unknown. It is likely that there is no single cause
but rather a combination of genetic, environmental, and possibly hormonal factors that works
together to cause the disease. Scientists are making progress in understanding the processes
leading to lupus. Lupus is three times more common among African American women than
among Caucasian American women and is also more common in women of Hispanic, Asian,
and Native American descent. Age at disease onset is a predictor of outcome, and children
often have severe end organ disease. At present, there is no cure for lupus. Lupus is the focus
of intense research as scientists try to determine what causes the disease and how it can best
be treated.

Rationale

Atherosclerosis is a thickening of the inside walls of arteries that is caused by the gradual
buildup of fatty substances in arteries. This thickening narrows the space through which
blood can flow and can result in heart attacks or strokes. Atherosclerosis usually occurs when
a person has high levels of cholesterol (a fat-like substance), which can build up on the walls
of arteries. Women and children with lupus have a significantly increased risk for
cardiovascular complications related to premature atherosclerosis. The data on cardiovascular
and lipid abnormalities in children with lupus implicate atherosclerosis as an important
potential source of long-term morbidity and mortality. Statins are drugs that lower
cholesterol in blood and decrease the risk for atherosclerosis and cardiovascular disease
(CVD). Statins not only decrease mortality and morbidity from coronary artery disease in
adults, but also have intrinsic anti-inflammatory properties, which may be especially
beneficial in lupus.

PERFORMANCE ANALYSIS
Target Context and Conditions
A five-year study, known as the APPLE (Atherosclerosis Prevention in Pediatric Lupus
Erythymatosus) trial, plans to test children diagnosed with systemic lupus erythematosus
(SLE, or lupus). The double-blind, placebo-controlled trial randomizes patients to receive
either statins or a placebo for 36 months. Atherosclerosis is measured at baseline and at six-
month intervals using ultrasound imaging.
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This is a unique study designed to investigate a clinically challenging disease: the
occurrence of atherosclerosis in children with lupus. The study is designed to test the
efficacy of statins (cholesterol-lowering agents) in delaying the progression of
atherosclerotic arterial thickening in children with lupus. Not only do statins decrease
mortality and morbidity from coronary artery disease in adults, but they also have intrinsic
anti-inflammatory properties, which may be especially beneficial in lupus.

This is a multi-center, prospective, randomized, double-blind intervention study for children
with lupus, and involves 20 centers from the Childhood Arthritis and Rheumatology
Research Alliance (formerly the Pediatric Rheumatology Research Network). Initial plans
included enrollment of a total of 280 children with recent-onset lupus, thereby establishing
the largest cohort of pediatric lupus patients ever prospectively studied in the United States.
There is limited information regarding the overall compliance with study medication in
children and adolescents in clinical trials of long duration for chronic diseases. Compliance
with study medication is important to sustain low levels of blood lipid profiles and to
diminish the likely inflammation associated with the progression of arterial wall thickening
in atherosclerosis. The development of strategies to better track compliance will provide
valuable insights into this and other clinical trial designs.

When a new clinical trial is initiated, a number of steps must be completed in launching the
study. A key dimension is training staff members who will be involved in the conduct of the
study in the sophisticated techniques that will be used. For APPLE, this included (1)
complete training and full certification of sonographers who are involved in establishing the
degree of atherosclerosis in the children participating in the study, and (2) training for the
Interactive Voice Response System that is used for trial randomization and drug kit
assignment, which takes advantage of novel and efficient technologies that improve trial
conduct and cost-effectiveness.

Conducting additional related studies increases the value of a clinical trial, and the design of
this trial includes the development of ancillary, mechanistic substudies to explore the
processes that contribute to disease progression. These additional studies leverage the value
of the investment made by NIH in terms of scientific knowledge, as well as improve the
integration of translational research from this clinical trial.

Baseline data analysis on enrolled patients was completed, including any adverse events.
Data on monitoring study progress and adverse events are routinely provided from the
clinical sites to NIH. Clinical sites send weekly reports to the Clinical Trials Manager and
monthly calls are conducted to coordinate efforts between the sites. The coordinating center
generates monthly data reports, which are shared with the site coordinators and
investigators during the monthly calls. Strategies to encourage data timeliness are discussed
during these calls. Follow up with individual coordinators is conducted, as needed.

Interim analysis of the data revealed that repeated measurements of fat buildup in the blood

vessels varied less than researchers had expected (when they initially estimated the number
of participants that would be needed to obtain a statistically meaningful result). Because this
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greater precision leads to a smaller standard error for statistical analyses, the investigators
were able to decrease the sample size from 280 to 220 and complete recruitment ahead of
schedule.

Enrollment was completed in November 2006, and participants continue to be followed.
Strategies to retain participants in the study include holiday cards, newsletters and a
compensation plan. The plan was distributed among sites to encourage participant
compliance and long-term retention. Additionally, it promotes positive reinforcement of
preventive care concepts related to cardiovascular health and lupus. Retention efforts and
plans continue to be discussed during the monthly calls. Therefore, the NIH funding
components participating in this goal are fully committed to supporting efforts toward its
completion as outlined in the contract and consistent with current NIH fiscal year policies in
effect at the time of funding.

Baseline 2008
e (FYO06) Previous research suggests that compliance among pediatric patients receiving
treatment for chronic illness can be as high as 70% due in part to factors such as family support
and severity of symptoms

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) The ancillary [ MET) Baseline All clinical sites will |(MET) The sites Implement two (MET) The sites Complete goal of
studies are characteristics of the [be actively exceeded their strategies to attain  [implemented two  [determining the

underway. One
example is a study
that explores the
relationship between
nitric oxide and the
effects of statins in
atherosclerosis and
lupus in pediatric
patients.

study population as
of August 2006 have
been analyzed and
the results were
shared with the
Study Data and
Safety Monitoring
Board.

enrolling/following
pediatric lupus
patients, to result in
an overall average
recruitment rate of 3
new patients per
month.

overall average
recruitment goal of 3
new patients per
month, by enrolling
an average of 4.2
new patients per
month. This rate
increased steadily
from September,
2003 to November,
2006, to an average
of 13.5 new patients
per month at the end
of the enrollment
period.

study medication
compliance rate of at
least 80 percent.

strategies and
achieved a rate of
81.4 percent study
medication
compliance,
exceeding the goal
of 80 percent study
medication
compliance.

efficacy of statins in
preventing
progression of
atherosclerosis in
children with
systemic lupus
erythematosus (SLE,
or lupus).

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FYOS target was MET. A quarterly newsletter is sent to all study staff and participants in
the study. In each issue to staff, there is a compliance section which asks staff to remind
patients of the importance of taking all of their medications, including the study medication,
and the importance of returning all used study medication bottles. Similarly, participants are
reminded in the patient issue of the newsletter to take the study medication daily and bring
back any study medication bottles. Study medication compliance is met if a patient misses
fewer than seven days of study medication per month. The persistence of the study staff in
reminding patients to take the study medication as directed has been a successful strategy in
helping to achieve a compliance rate of at least 80 percent in this trial. The frequency of
newsletter distribution was increased from biannual to quarterly, in an effort to encourage
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compliance. Through this action, sites were able to give study participants a newsletter at
each visit, which contributed to the rate of 81.4 percent study medication compliance, which
exceeded the goal of 80 percent.

An incentive plan was developed which included a token gift, related to the trial (ranging in
the value of $1-8). At various study visits, patients were offered pocket planners, journals,
and pens to help manage their appointments and compliance. Other token gifts included sport
backpacks, lunch sacks, caps, t-shirts, water bottles, and Frisbees. In addition, a pill
box/organizer was provided to patients when the study drug was initially dispensed. These
token gifts encouraged patient compliance and long-term retention in the study.

94



SRO-5.3 By 2009, expand the range of available methods used to create, analyze, and utilize
chemical libraries, which can be used to discover new medications. Specifically, use these
chemical libraries to discover 10 new and unique chemical structures that could serve as
the starting point for new drugs.

BACKGROUND
Rationale
The Nation is facing a pressing need for new drugs. Many existing medicines are becoming
ineffective due to antibiotic resistance. In other cases, the side effects of existing drugs are as
severe as the diseases they are designed to treat. Most drugs are discovered by randomly
screening thousands of chemical compounds for desired biological effects. To speed the
discovery of new medicines, scientists need to have access to larger collections of chemicals
to test. One approach is to increase the efficiency of isolating and screening natural products.
Another especially promising approach to invigorating and strengthening the new drug
pipeline is by using a new and powerful chemical strategy called diversity-oriented synthesis.
This method can quickly generate a large number of potential drug compounds (a 'chemical
library'). Such a library could contain anywhere from a few chemical compounds to millions
and can be designed to include either related versions of a single molecule or a wide variety
of completely new chemical structures. This new technique offers unprecedented
opportunities for the discovery of molecules that may be developed into lifesaving drugs
more efficiently.

Since diversity-oriented synthesis is such a new and intellectually challenging endeavor, the
number of methods for designing, making, and analyzing chemical libraries is still limited.
This restricts the variety of structures that chemists can make. Although the pharmaceutical
industry has embraced chemical library screening as a useful drug discovery strategy, it has
not invested in the long-term research needed to improve the technique. Similarly, few
academic scientists have made a special effort to develop chemical library-related methods.
The investment will likely enrich the field of diversity-oriented synthesis and give
pharmaceutical scientists important tools for discovery of molecules that show promise as
future medicines.

NIH funding is leading to the discovery of new chemical library methods, which in turn will
enhance the range and quality of chemical compounds available for drug discovery. Rapid
and efficient biological screening of improved chemical libraries may speed the discovery of
new medicines.

PERFORMANCE ANALYSIS
Target Context and Conditions
A total of four Centers of Excellence in Chemical Methodologies and Library Development
have been established and five new multi-institutional "Groups" and seven planning grants
were funded to develop natural products drug discovery programs under the International
Cooperative Biodiversity Groups Program. In FY 2004 and beyond, these centers and
"Groups," as well as new initiatives to be supported through the NIH Molecular Libraries
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and Molecular Imaging Roadmap, will focus on (1) developing innovative methods of
synthesis and library creation; (2) increasing the sharing of knowledge among researchers,
(3) increasing access to research results by exploring and developing systematic means to
inventory newly created chemical libraries and methods of synthesis, (4) biologically
screening the libraries and inventorying the outcomes of these screening procedures as new
libraries are created, and (5) coordinating and setting priorities for these initiatives through
the use of scientific advisory groups.

Baseline 2008
e (FY06) CMLD libraries under development.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) Support for [(MET) Supported [Begin development [(MET) Supported |Use chemical (MET) The four Complete goal of
CMLD centers the development of |of predictive models [the development of [libraries in high- Chemical expanding the range
provides facilities to [new methodologies [for absorption, predictive models  |throughput Methodologies and |of available methods
validate new for production, distribution, for absorption, biological screens. |Library used to create,
methodologies used [isolation, and metabolism, distribution, Development analyze, and utilize
to synthesize identification of excretion, and metabolism, (CMLD) centers chemical libraries,
chemical libraries. [new, bioactive toxicity excretion, and synthesized 'which can be used to
These new methods [compounds from (ADME/Tox) toxicity chemical libraries  [discover new
are being made nature (natural behavior of bioactive|(ADME/Tox) that were provided |medicines.
available to the products). compounds. behavior of bioactive to collaborators for [Specifically, use
scientific compounds. high-throughput these chemical
community. biological screening. |libraries to discover

10 new and unique
chemical structures
that could serve as
the starting point for
new drugs.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was MET by the efforts of the four ongoing Chemical Methodologies
and Library Development (CMLD) centers to synthesize libraries of small molecules and to
develop collaborations in order to evaluate the biological properties of these libraries. The
CMLD centers all have established multiple collaborations for using the libraries the centers
have produced in high-throughput biological screens. Boston University and the University
of Kansas cite 23 and ten screening collaborations, respectively. The University of Pittsburgh
(UPCMLD) reports that more than 6,000 individual compound samples have been shipped to
over 30 collaborators, including single academic investigators as well as the NIH Molecular
Libraries Screening Centers Network sites, for biological evaluation. The UPCMLD also
shipped 709 UPCMLD compounds the NIH Molecular Libraries Small Molecule Repository
(MLSMR) in 5-10 mg quantities. Finally, the Broad Institute indicates that 9,879 structurally
distinct CMLD compounds were subjected to as many as 171 small-molecule assays,
yielding ~770,000 total assay measurements. These compounds included 6,615 from the

Broad Institute's CMLD and 3,264 from the other three CMLDs.

Advances or Other Highlights
Among the assay measurements conducted by the Broad Institute were several large clusters
of compounds exposed to common assays, yielding complete matrices of measurements.
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Such matrices form the mathematical basis for describing similarity of small molecules in
terms of their "multidimensional" assay performance; that is, there overall performance in a
large number of assays). Analysis of clusters of similarly performing compounds reveals
both clusters of compounds with structural relationships among members, and clusters of
compounds with structurally distinct members (suggestive of distinct chemotypes targeting
common nodes in cell circuitry). The impact of this type of analysis on synthetic planning is
three-fold. It helps prioritize subsets of molecules for follow-up syntheses based on primary
screening data, lending confidence to observations that might be less convincing in isolation.
Second, by considering collections of related molecules, including stereochemical variants, it
provides an early opportunity to learn SAR from primary screening data. Third, it provides
functional connections between chemical structure classes not previously connected,
providing potential starting points for new synthetic planning strategies.

PART
This goal was included in the FY 2006 PART of the Extramural Research Program. NIH

will continue to achieve this goal's annual requirements as indicated by the PART
Improvement Plan.
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SRO-5.5 By 2008, develop and test two new evidence-based treatment approaches for drug abuse in
community settings.

BACKGROUND
Prevalence/Incidence
Drug abuse and addiction, including alcoholism are complex public health problems that
impact society at multiple levels. In 2007, approximately 70 million Americans were current
users of an illicit drug or cigarettes. Epidemiology studies show that between 30 and 60
percent of drug abusers have concurrent mental health disorders, in addition to comorbid
alcohol abuse. Despite the extensive prevalence of drug abuse and addiction, the lack of
effective treatment for certain types of addictions or population groups, and the lack of
utilization of those treatments known to be effective, continue to be substantial barriers to
reducing the prevalence and impact of this major health problem.

Disease Burden

The estimated total cost of illicit drug abuse and nicotine addiction to our Nation is almost
$534 billion a year, including health care expenditures, lost earnings, and costs associated
with crime and accidents. Drug addiction is a biologically-based illness that is influenced by
genetic and environmental factors, and it is a chronic disease similar to Type II diabetes,
cancer, and, cardiovascular disease. Furthermore, drug abuse is a major vector in the spread
of infectious diseases such as HIV/AIDS, tuberculosis, and hepatitis C. Given all of these
factors, one can begin to see the devastation that drugs can inflict on individuals, families,
and communities.

Rationale

Although research has demonstrated that drug abuse treatment can be effective in reducing
drug use and addiction, including alcoholism, few science-based interventions have been
developed and tested widely within the health care field. The reasons for this are, in part,
related to cultural, financial, and institutional barriers. In an effort to narrow the drug abuse
treatment gap, recent drug abuse treatment studies have focused on deploying interventions
in the community. To move research forward in this arena, new drug abuse treatment
approaches will be tested within community-based settings.

One important tool to treat substance abuse is behavioral treatment, which has been
documented to be effective in improving drug abuse and drug addiction outcomes. Recent
promising findings have been achieved by interventions that target specialized populations:
minorities, adolescents, families, and women diagnosed with Post-Traumatic Stress Disorder
(PTSD). Brief Strategic Family Therapy (BSFT) is a family-based intervention aimed at
preventing and treating child and adolescent behavior problems, including substance abuse,
in inner city, minority families. Seeking Safety is a cognitive-behavioral substance abuse
intervention for women with a DSM-IV diagnosis of PTSD. This treatment intervention is
tailored to concurrently address the co-morbidity issues associated with substance abuse and
trauma. Another behavioral approach, known as Motivational Enhancement Treatment
(MET), which is based on the principles of motivational psychology, has been shown to be
effective in improving treatment engagement, retention, and outcome for many substance
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abusers. Incorporating MET into the standard entry process for drug abuse treatment will
likely enhance treatment participation.

PERFORMANCE ANALYSIS
Target Context and Conditions
In order for NIH to be successful in achieving this goal, a series of ambitious steps were
planned. These steps included building the treatment research infrastructure necessary
followed by recruitment of 1000 patients from specialized populations to participate in these
research and community-based treatment approaches.

In FY 2004, NIH used the Clinical Trials Network to adapt and test drug abuse treatment
approaches in an effort to more rapidly bring research-based treatments to communities.
These drug abuse treatment interventions, BSFT and Seeking Safety, are designed to reach
specialized populations that are frequently under-represented in drug and alcohol abuse
research and are often underserved in drug and alcohol abuse treatment centers. Several
other research-based treatments for alcoholism are being adapted and tested in community
settings. Potentially these will contribute to treatments available to the community.

In FY 2005, drug and alcohol treatment providers were trained to deliver standardized
behavioral treatment interventions of BSFT, Seeking Safety, and MET to patients within the
framework of the clinical trials research design. Treatment providers were trained to
maintain data on patient's symptoms, behavior, and drug use to determine clinical and
research outcomes. To ensure treatment protocol adherence, treatment providers were
videotaped, supervised, and monitored. Also during FY 2005, outcome data for patients
were collected at regular intervals on substance abuse, risk behaviors, and comorbid
psychiatric symptoms to determine the overall treatment effects of the evidence-based
interventions.

During FY 2006, recruitment of more than 1000 patients was completed for participation in
BSFT, Seeking Safety, or MET treatment protocols.

During FY 2007 the investigators from MET and Seeking Safety presented their results
and/or submitted manuscripts for publication in peer-reviewed scientific journals. For the
BSFT trial patient enrollment was completed in 2007, the year long follow-up of patients is
complete and data lock is scheduled for June 2008.

During FY 2008, the investigators from MET and Seeking Safety worked with the Clinical
Trials Network and NIH to determine if more specialized materials should be prepared for
wider distribution. The investigator/clinical team working on BSFT analyzed their data,
presented results to the Clinical Trials Network, and submitted their findings for publication
in peer-reviewed scientific journals.

A dissemination package for MET has been prepared and is available to the public.
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Baseline 2008
e Based on FYO07 results.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) The Clinical [(MET) The Clinical [Analyze data from |(MET) Research on |Complete goal of  |(MET) Research has

Trials Network has
trained 184
providers (94 more
than planned) in
BSFT, MET, or
Seeking Safety,
which are being
tested in community
settings.

Trials Network has
enrolled more than
1,200 patients in
BSFT, MET, and
Seeking Safety
interventions which
are being tested in
community settings.
Treatments are being
delivered to diverse
communities that are
20%, 34%, and 41%
African American,
respectively, and
43%, 7%, and 14%
Hispanic,
respectively.

completed
behavioral protocols
and report initial
findings from data
analysis.

treatments for drug
abuse in community
settings is
progressing, data
from completed
behavioral protocols
were analyzed and
initial findings were
reported in journals
and at conferences.

developing and
testing of two new
evidence-based
treatment
approaches for drug
abuse in community
settings.

been completed on
two treatments for
drug abuse (MET
and Seeking Safety),
and final analyses
are under way on a
third treatment
(BSFT) developed
and tested in
community settings.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was MET, and the goal was ACHIEVED. Research has been completed
on two treatments for drug abuse (MET and Seeking Safety). Final analyses are under way
on a third treatment (BSFT) that has been developed and tested in community settings.
Research on MET, Seeking Safety, and BSFT was conducted with the Clinical Trials
Network which connects NIH researchers with community-based service providers to
develop and test new treatment options with patients in community-level clinical practice.

The research on Motivational Enhancement Treatment (MET) was completed. Results from a
multi-site clinical trial of MET in community drug abuse clinics showed sustained substance
use reductions only among primary alcohol users. Other findings from the research
demonstrated that: (1) training in Motivational Interviewing (MI) increases proficiency in its
implementation; (2) the combination of expert-led workshops followed by program-based
clinical supervision is an effective method for disseminating motivational interventions in
treatment programs; (3) having active MI supervisory capacity and a champion for the
intervention in the clinic increases its adoption; and (4) there are opportunities in the early
stages of treatment for implementing motivational therapies to improve standard clinical
practice and patient outcomes. (For a listing of papers and presentations aimed at a wide
audience of researchers and practitioners see Source Validation Items #1, 2,5, 6, 7, 8) A
dissemination package for MET has also been prepared and is available at
http://www.drugabuse.gov/Blending/MIASTEP.html. It includes information about the
protocols, training guides, recruitment brochures, demonstration interviews in Spanish,
briefing materials for decision-makers, and instructions for using the package.

Research was completed in community treatment settings on the Seeking Safety protocol, an
intervention developed for women with PTSD. Results were that integrated treatment for
PTSD and substance use disorders had a significant impact on trauma symptoms, but did not
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improve substance abuse outcomes more than the control condition. Seeking Safety also had
a positive effect on sexual risk behaviors (decreased) and did not increase adverse events,
such as substance use and its related consequences. The latter is important because PTSD
treatment involves recollection and recounting of painful experiences, which has the potential
to elicit negative outcomes. (See Source Validation Items # 4,, 9, 10, 11, 12)

The BSFT trial and its 1-year follow-up has been completed. This family-based intervention
was developed and tested for preventing and treating child and adolescent behavior
problems, including substance abuse, in inner city, minority families. The data are being
analyzed for future publication in scientific journals, and/or presentation at national and
regional meetings. Previous research using BSFT found that it was more efficacious than
group intervention in reducing conduct problems, associations with anti-social peers, and
substance use, and it increased engagement in treatment. Moreover it improves family
function, which is associated with changes in behavioral problems among youth. Final results
of the trial will help determine whether BSFT can be readily adopted by community
treatment programs. (See Source Validation Items # 3)
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SRO-5.6 By 2009, identify 1 or 2 new medication candidates to further test and develop for the
treatment of tobacco addiction.

BACKGROUND
Tobacco use in the United States is a major cause of death and disability. Approximately
440,000 deaths in the U.S. each year are attributed to cigarette smoking. The high failure rate
reported for smoking cessation efforts (70-90% for 6-month quit rates) challenges health care
professionals to explore innovative approaches to treating the highly addictive behavior of
tobacco use.

The agent largely responsible for maintaining tobacco addiction is nicotine. In addition to
animal studies that have shown the addictive properties of nicotine, studies in humans show
that smokers adjust their smoking behavior to maintain a relatively stable concentration of
nicotine and that the reinforcing effects of nicotine are blocked by pretreatment with the
nicotinic receptor antagonist, mecamylamine. Nicotine addiction perpetuates itself by
enhancing the release of multiple neurotransmitters to produce stimulation, pleasure, and
reward. Tolerance to elevated nicotine levels develops over time, as does the dependence
upon nicotine to maintain brain function. Withdrawal symptoms after abstinence result from
a return to subnormal levels of some of these neurotransmitters. Withdrawal symptoms, such
as depressed mood, anxiety, insomnia, irritability, difficulty concentrating, increased
appetite, and decreased heart rate, usually peak at one week after abstinence and taper off
over time.

Besides behavioral interventions, the Public Health Service Consensus Panel on Clinical
Practices Guidelines has recommended two primary types of pharmacotherapies for treating
tobacco use and addiction: nicotine replacement therapy (NRT) with nicotine gum, patch,
inhaler, or nasal spray; and bupropion sustained release (SR). NRT works by supplying an
alternate source of nicotine that has a much slower rate of absorption than the nicotine found
in cigarette smoke, hence reducing the potential for its abuse. Cessation rates for NRTs have
been examined by meta analysis and are in the range of 17 to 31%. Bupropion SR (Zyban),
an inhibitor of norepinephrine and dopamine reuptake, also interacts with nicotinic receptors,
and has been approved by the FDA for use in both smoking cessation and treatment of
depression (under the trade name Wellbutrin). Clinical trials suggest that bupropion SR may
be more effective than NRT for smoking cessation. In a study that compared nicotine patch,
bupropion, or bupropion plus patch to placebo control, the 12-month cessation rates were
15.6 percent in the placebo group, as compared with 16.4 percent in the nicotine-patch group,
30.3 percent in the bupropion group, and 35.5 percent in the group given both bupropion and
the nicotine patch. New medications and approaches are clearly needed to help the large
percentage of tobacco-addicted individuals who do not respond to currently available
treatments.

Prevalence/Incidence
Forty-one years after the Surgeon General's first report on smoking and health, tobacco use
continues to pose an enormous public health threat to the United States and the world. In
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2006, the median prevalence rate of current cigarette smoking by adults among the different
states comprising the United States was 20.2%. This prevalence rate is almost double the
nation's year 2010 Healthy People goal of achieving a 12 percent prevalence rate. The
highest reported rate for a minority sub-group of the population in 2006 was 32.4% - or
almost three times the desired rate, and prevalence rates for youth are also very high.

Disease Burden

Cigarette smoking causes approximately 440,000 deaths annually in the United States, or
more than 1,000 deaths per day. The annual economic cost attributable to tobacco use in the
United States is approximately $168 billion.

Rationale

Tobacco addiction is a preventable cause of disease and death. Therefore, it is crucial that
more effective treatments for this condition be developed. Despite almost two decades of
tobacco treatment research, treatment options for tobacco addiction remain limited and only
moderately effective.

Modifying existing compounds to increase their selectivity is one promising strategy for the
development of new medications for smoking cessation. As mentioned previously, the
nicotinic receptor antagonist mecamylamine has been shown to block the reinforcing effects
of nicotine. Its use as a smoking cessation agent, however, is hampered by its peripherally
mediated side effects, possibly due to its nonselective action at multiple nicotinic receptor
subtypes. Therefore, the development of nicotinic receptor subtype selective antagonists may
prove useful for treating tobacco addiction.

Another promising avenue for the development of novel medications is the development of a
nicotine vaccine. Through the in vivo development of nicotine-specific antibodies that cannot
cross the blood-brain barrier, this treatment would prevent nicotine from reaching the brain.
In pre-clinical trials, a nicotine vaccine has been shown to reduce nicotine uptake in the
brain, and to attenuate its behavioral and cardiovascular effects. In humans, such a vaccine
might be an effective aid in smoking cessation and in reducing the time to relapse. The
vaccine has been shown to be safe and well tolerated in Phase I safety studies, and has shown
a statistically significant degree of efficacy in Phase II and Phase IIb clinical trials. A Phase
III clinical trial is needed to further determine the efficacy of this human vaccine as a
treatment for tobacco addiction.

PERFORMANCE ANALYSIS
Target Context and Conditions
Crucial knowledge gaps hinder the ability to treat tobacco addiction optimally. Identifying
new medications or targets to improve treatment will depend on funds being available to
support this activity. Current basic (pre-clinical) and clinical research currently being
conducted to identify new and better treatment options, includes:

Pre-clinical approaches: To identify new compounds for potential use as smoking
cessation medications, several studies are being supported that use medicinal chemistry to
modify existing compounds to increase their selectivity for their targets (e.g. selective
nicotinic receptor antagonists) and to evaluate these compounds in animal models of
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nicotine self-administration, withdrawal, and nicotine-induced reinstatement (relapse
prevention).

Clinical studies of a Nicotine Vaccine (NicVAX): Based on the results of carlier pre-
clinical and clinical research, this project was designed as a proof of concept study to assess
the safety, immunogenicity, and clinical efficacy of NicVAX among smokers, and to
determine the dose for the pivotal Phase III trial. The assumption is that vaccination will
reduce the reinforcing effects of nicotine and result in smoking cessation, as well as be
effective in preventing smoking relapse.

This study was designed to establish proof of concept and the optimal dose for the two
pivotal studies that the FDA will require for marketing approval. Its Phase IIb trial was a
multi-center, randomized, double-blind, placebo-controlled study to assess efficacy in 301
heavy smokers who wanted to quit. The purpose was to determine whether vaccination with
the medication would result in a higher continuous abstinence rate than without it. The
primary measure of outcome was eight weeks of continuous smoking abstinence from
weeks 18-26 (following the first vaccination) of the study. Nine-month data findings
showed a 36% continuous abstinence rate for high antibody responders compared to 14%
for placebo. And 12-month data confirm the highly significant trends seen in 6- and 9-
month data.

Clinical trial of a Glycine Antagonist: This clinical trial will compare a novel glycine
antagonist to bupropion or placebo for effectiveness in smoking relapse prevention. It will
start with an 8-week, open smoking cessation intervention in adult smokers with nicotine
replacement therapy (NRT) and a behavioral intervention. Those participants who
demonstrate 7-day point prevalence abstinence after 7 weeks open label treatment with
NRT will be eligible to enter the 8-week, double-blind, placebo-controlled, relapse
prevention trial. The primary outcome measure will be smoking abstinence.

Baseline 2008

e Based on FY06 and FYO07 results.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) Four (MET) Three Develop and test 1-2 [(MET) Four Analyze results from [(MET) Analysis of [Complete goal of
candidate candidate potential new candidate the FY 2006 clinical |the Phase II nicotine [identifying at least
medications, instead [medications are compounds for medications are now |trial (Phase II) to vaccine trial showed [two new medications

of two, have been
identified for
tobacco addiction,
and research is
continuing on these
candidates.

being tested in:
Phase II clinical
trials, multi-site
trials, and human
laboratory studies.

tobacco addiction in
animal models.

being tested.

determine whether
an additional clinical
trial should be
initiated.

that the vaccine
assisted smokers to
quit, supporting
continuation of the
project.

to be further
developed and tested
for the treatment of
tobacco addiction.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY2008 target was MET. Results were analyzed from the FY 2006 clinical trial (Phase
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IT) of the nicotine vaccine and determined that the project should be continued. The analysis
showed that the vaccine improved the smoking quit rates, particularly in smokers who
developed high antibodies levels. This effect was sustained at the 6, 9, and 12 month time
points. Moreover, the analysis suggested ways to boost the efficacy of the vaccine by
modifying the timing of the quit date to take advantage of the increased antibody levels
according to when subjects were inoculated. Manuscripts for publication are in preparation.

Advances or Other Highlights

Additional research has been conducted on three candidate medications from FY 2007 for the
treatment of tobacco addition — selegiline, a D3 dopamine antagonist called 809, and the
glycine anatagonist GW468816. The selegiline trial, which was in the process of recruiting a
cohort, completed enrollment. The trial is currently finishing patient follow-ups, and analyses
will be conducted after follow-ups are completed. The D3 dopamine antagonist, called 809,
was identified for testing as a smoking cessation medication and a protocol is under
development. The compound will be tested for relapse prevention in a clinical trial. The
clinical trial testing the glycine antagonist GW468816 for relapse prevention continues to
recruit subjects, and is anticipated to be complete within a year.
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SRO-5.7 By 2010, validate and compare 3 imaging methods that could offer increased sensitivity
over computed tomography (CT) as a means of assessing lung cancer response to therapy.

BACKGROUND
Lung cancer is one of the leading causes of death in the United States, with an estimated
160,000 deaths occurring annually and an estimated incidence of 173,000 newly-diagnosed
cases each year. Only one-third of newly diagnosed cases are diagnosed at a stage early
enough to allow for effective therapeutic intervention while more advanced stages of the
disease are characterized by a median survival rate of less than one year. The development of
new drug treatments for lung cancer has been slowed by difficulty in both early detection and
measurement of early therapeutic drug response. Currently, standard anatomic CT imaging is
the primary modality for measuring lung tumor response to therapy. Unfortunately, since this
modality measures drug responses only in terms of significant tumor shrinkage, it is not an
adequate method for evaluating drug responses that precede significant tumor shrinkage. The
goal of this proposed research is therefore to evaluate, validate and compare varying
functional imaging methods that could serve as more sensitive approaches to the
measurement of early drug response than standard or conventional anatomic imaging
techniques that are based on significant tumor shrinkage. The availability of such sensitive
measurement methods or modalities could significantly streamline clinical trials and, hence,
accelerate new drug approvals. The imaging methods to be evaluated are F-18-labelled-
fluorodeoxyglucose positron emission tomography (FDG-PET), F-18-labelled-fluoro-L-
thymidine (FLT-PET), and dynamic contrast enhanced magnetic resonance imaging (DCE-
MRI).

Rationale

Clinical trials in non-small cell lung cancer (NSCLC) have demonstrated that FDG-PET
images can provide an early indication of therapeutic response. Thus, FDG-PET has the
potential to improve patient management by signaling the need for early therapeutic changes
in non-responders, thereby avoiding the side effects and costs associated with ineffective
treatments. Furthermore, as an early indicator of therapeutic response, the modality also has
the potential to facilitate oncologic drug development by both shortening Phase II trials and
detecting response to therapy at an earlier stage in Phase III investigations. Studies to further
explore and validate these approaches can be conducted in parallel with those employing
endpoints currently used for oncologic drug approvals.

Uptake of FLT-PET is an indicator of DNA synthesis. FLT-PET, therefore, has potential to
be more accurate than FDG-PET in distinguishing lung malignancies from inflammation or
non-proliferating cells. It is highly promising as a detector of early disease or as an early
indicator of response to drug therapy as manifested by a decrease in cellular proliferation.

Dynamic contrast enhanced magnetic resonance imaging is sensitive to the development of
new blood vessels (angiogenesis) required to support tumor growth. It is, therefore, a
potentially sensitive measure of responses to antiangiogenic drug therapy. The evaluation of
antiangiogenic agents could be very important to lung cancer therapy as suggested by the
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recent promising increase in survival of advanced NSCLC patients treated with the anti-
vascular endothelial growth factor (VEGF) drug bevacizumab (Avastin).

Validating imaging methods as potential biomarkers for tumor response to treatment requires
demonstrating a high degree of test-retest reproducibility for the imaging method, and a
strong correlation with the biologic parameter of interest. Reproducibility is important
because it determines the minimum change that can reliably be detected in a tissue of
interest. Therefore, test-retest reproducibility will be an element of all research conducted for
this goal.

PERFORMANCE ANALYSIS
Target Context and Conditions
Clinical Trials
To lay the foundation for accepting an imaging method as a potential biomarker for drug
development, the proposed or putative imaging method should be tested in one or more
clinical trials where patients receive therapy known to be effective for the disease under
study. The method in question should not be initially evaluated in a trial studying novel
therapies due to the high number of unknown variables inherent in such trials. Therefore,
patients in clinical trial protocols will receive standard, accepted platinum-based
chemotherapy for lung cancer and imaging measurements (FDG-PET, FLT-PET, or DCE-
MRI) will be obtained before and after therapy to be subsequently correlated with patient
outcome.

Test-Retest Reproducibility

Test-retest reproducibility is a measure of the variability of the test result when it is
administered to the same patient at different times or under different conditions but during a
period of time when the biologic process being measured is constant. This reproducibility
will be rigorously tested in a pre-clinical setting where repetitive measures can be obtained
on tissue-simulating phantoms. In addition, clinical trial data with duplicate testing of
individual patients will be analyzed

Electronic Infrastructure

Another necessary part of our implementation strategy is to create an electronic
infrastructure so that all sites in a multi-site trial can submit images to a central archive.
Centralizing the images is necessary for quality assurance evaluation, for analysis (data
extraction or interpretation), to facilitate blinded reads, and for secure storage (archiving) to
enable secondary analyses. The FDA requires such procedures to establish confidence in the
validity and robustness of the data supporting a proposed biomarker and to permit audits of
the data, if needed.

Consensus Standards
Finally, an essential part of this implementation strategy is the development of consensus
standards for interpreting or extracting quantitative data from the imaging studies.

Therefore, the implementation strategy consists of several parts. In FY 2005 a clinical trial

protocol was written to include serial FDG-PET scans in Stage III and IV lung cancer
patients before and after therapy. Therapy would be standard, not experimental, therapy.
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Scans would be done on state-of-the-art combined PET-CT scanners. The trial was initiated
during FY 2006 by the NIH-funded imaging cooperative group known as ACRIN
(http://www.ACRIN.org). Half of the patients were to receive duplicate FDG-PET scans
prior to treatment, and half to receive duplicate FDG-PET scans after treatment. The
duplicate scans would allow us to assess test-retest reproducibility. This trial has had
significant difficulty in accruing patients as of mid-2008, due in part to a shift in the
standard of care (adding Avastin to platinum-based doublet therapy).

A second ACRIN trial supports this GPRA goal. This trial is comparing FDG-PET before
and after chemoradiation in non-small cell lung carcinoma to determine if the post-
treatment glucose uptake as measured by FDG-PET is a useful predictor of long term
clinical outcome (survival) after definitive chemoradiotherapy.

A trial to compare FDG-PET with FLT-PET for lung cancer was initiated in FY 2007.
Accrual is expected to begin in 2008 with an interim analysis after one year of patient
accrual.

In FY06, 07 and 08, programs to evaluate test-retest reproducibility both of available
clinical data and of tissue simulating phantom were established. These are multiple and
include FDG-PET CT longitudinal studies, multi-site phantom repeat studies, multi-imaging
platform study using a PET CT phantom, DCE-MRI lung patient studies, DCE-MRI
phantom for lung and other organs, and CT measurements of the lung. In FY 2005, plans
for the electronic infrastructure to capture all the images in a central archive were initiated.
This infrastructure was implemented in FY 2006.

To develop consensus standards and quantitative tools for image assessment, workshops of
relevant experts on PET and MRI scanning have been held. The resulting recommendations

and the proposed clinical trial protocols will be reviewed with FDA staff.

Achievement of this goal is conditional on recruiting a sufficient number of patients to
conduct the required test-retest reproducibility analyses.
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Baseline 2008
e (FYO06) Performed preliminary analysis of test-retest repeatability data from 1st year of

trial.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) FDG-PET  [(EXT) Launch of the [Initiate lung cancer [(MET) Launch of |Correlate patient (MET) One lung Initiate accrual in
and DCE-MRI public-private therapy trial with the public-private  |outcome data from |cancer imaging trial [FDG/FLT-PET
workshops have partnership serial functional partnership the lung cancer will be completed  [comparison lung
been held. responsible for imaging scans and  [responsible for therapy trial with within 6 months and |cancer trial.
Consensus conducting the lung [perform preliminary [conducting the lung [serial functional interim results have

guidelines are on the
Cancer Imaging
Program web site:

http://imaging.cance
I.gOoV.

cancer therapy trial
was delayed, which
led to delays in
initiating the study
and collecting test-
retest repeatability
data. Preliminary
analysis of the test-
retest repeatability
data will be
conducted in early
2007.

analysis of test-retest
repeatability data
from 1st year of
trial.

Perform additional
analysis of test-retest
repeatability data
from 1st year of
trial.

cancer therapy trial
was delayed, which
led to delays in
initiating the study
and collecting test-
retest repeatability
data. Preliminary
analysis of the test-
retest repeatability
data was conducted
in 2007.

(MET) Additional
analysis of patient
data from the FDG-
PET lung trial has
been conducted.

imaging scan results
to determine the
efficacy of this
imaging technique.

been submitted for
presentation.
Reproducibility for
two techniques has
been evaluated.
Another trial will
open for patient
accrual this fall.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FYOS target has been MET. The lung cancer trial comparing FDG-PET before and after
chemoradiation - to determine if post-treatment glucose uptake as measured by FDG-PET is
a useful predictor of long term clinical outcome (survival) after definitive chemoradiotherapy
- has accrued 211 of the planned 250 subjects
(http://www.clinicaltrials.gov/ct2/show/NCT00424138?term=6678&rank=1). This study is
evaluating the utility of FDG-PET tumor standardized-uptake values (SUV) as a potential
biomarker, examining reproducibility of the primary tumor SUV calculation between the
local institution and the central review core facility at ACRIN. Pre-treatment FDG-PET scans
from 55 patients and post-treatment FDG-PET scans from 40 patients were analyzed.
Preliminary (interim) findings indicate there was good but imperfect correlation between
institutional and centrally determined SUV for NSCLC.

The trial to compare FDG-PET with FLT-PET for lung cancer is expected to begin accrual
before the end of the year. It has not yet been posted to http://clinicaltrials.gov.

Advances or Other Highlights

Research has continued on determining the variability of measurements by various imaging
techniques. Subcontracts were awarded for work on reproducibility of PET/CT and CT in
lung cancer, which involved both phantoms and analysis of patient cases. The final synthesis
of these studies is in draft and will be posted on the RIDER gforge web site this quarter.
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SRO-5.8 By 2012, improve device(s) to measure hot flashes and test in clinical studies of hot flash
therapies.

BACKGROUND
Vasomotor symptoms, including hot flashes and night sweats, are symptoms frequently
reported by menopausal women as well as breast cancer survivors and men undergoing
androgen deprivation therapy. Until recently, estrogen and other forms of hormone therapy
were used to treat vasomotor symptoms among menopausal women. However, the findings
of the NIH-funded Women's Health Initiative, released in 2004, indicated that the benefits of
hormone-based therapies for hot flashes are outweighed by the risks of heart disease, stroke,
and pulmonary embolism. Furthermore, hormone therapy is not an appropriate treatment for
hot flashes in individuals with a history of hormone-dependent tumors.

People are now turning to other means to manage hot flashes, including complementary and
alternative medicine (CAM) therapies. There is a long history of using CAM therapies for
this purpose, but the empirical base to assess their safety and efficacy is neither extensive nor
very strong. Moreover, the FDA now recommends when hormones are used for the treatment
of hot flashes, they be used at the lowest effective dose and for the shortest possible period of
time. However, little is known about risks and benefits for smaller doses, shorter treatment
times, and different routes of administration. Thus, it is likely that researchers will be
investigating both hormone and CAM treatments to reduce hot flashes in the years ahead.

In January 2004, NIH convened a meeting to assess current approaches to measuring hot
flashes. A limited number of studies conducted in research laboratories and ambulatory
settings have used sternal skin conductance monitors for these measurements. The meeting
participants determined that (1) sternal skin conductance devices were limited in the amount
of data that can be collected and for use under ambulatory conditions; and (2) improved
devices were needed to assess new therapeutic approaches including complementary and
alternative medicine (CAM). The criteria for an improved device include accuracy in
measuring sternal skin conductance with increased device data storage capacity. Usability
under ambulatory conditions is another important criterion, as some devices are too bulky or
heavy and interfere with daily activities and sleep. Once device development is complete,
clinical studies will be undertaken to assess both CAM and conventional therapies for the
treatment of hot flash symptoms.

Rationale

In light of the aging U.S. population and the findings of the Women's Health Initiative,
further clinical trials of interventions for hot flashes will undoubtedly need to be conducted.
Some treatments are likely to be relatively weak when compared with estrogen, but many
women may find partial relief acceptable if the benefits of treatment outweigh the risks.
Given the large placebo effects that have been reported in many studies, the instability of
self-reported measures of hot flashes, and modest treatment effects; important choices in the
conduct of future trials must be made. Investigators can either conduct very large studies to
accommodate the limitations of subjective self-reported measures, or they can develop more
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sensitive and reliable objective measures for use in smaller studies, which could provide
substantial economies in time and resources. For these reasons, the scientists convened by
NIH to consider issues surrounding the measurement of hot flashes recommended
improvements in sternal skin conductance monitors.

PERFORMANCE ANALYSIS
Target Context and Conditions
To help ensure that investigators have effective tools for measuring the effects of hot flash
therapies in clinical trials, NIH requested applications from small businesses to conduct
research to improve sternal skin conductance monitors in September 2004. NIH made the
first awards for this research and development in FY 2005. Clinical validation and testing of
these and similar devices were carried out in FY 2006 and FY 2007. A device was
incorporated into a clinical study which was funded in FY 2008. A clinical study to test an
intervention for hot flashes using a device as one endpoint would be carried out in FY 2009,
FY 2010, FY 2011, and 2012.

Baseline 2008
e (FY07) No clinical studies of hot flashes using user-friendly sternal skin conductance
monitors exist.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) NIH initiated [(MET) NIH funded [Continue validation |(MET) NIH- Initiate 1 clinical (MET) NIH- Complete 20% of
seven research three projects to of at least 2 devices [supported study that includes a [supported planned study
projects. further validate new [to measure hot flash |researchers treatment for hot researchers have subject accrual.

sternal skin
conductance
monitors.

frequency.

continued validation
of three sternal skin-
conductance
monitors to measure
hot flash frequency.

flashes in which the
investigators would
use a sternal skin
conductance monitor
to measure hot flash
frequency.

initiated a clinical
trial assessing the
effectiveness of
hypnosis in treating
menopausal hot
flashes.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target is MET. NIH-supported researchers have initiated a clinical trial
assessing the effectiveness of hypnosis in treating menopausal hot flashes. The clinical trial is
targeting an enrollment of 180 women who experience 7 moderate-to-severe hot flashes per
day, or 50 per week. The researchers will use a sternal skin conductance monitor, developed
by NIH-supported small-business research, to validate if hypnosis is effective in reducing the
frequency and severity of hot flashes.
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SRO-5.9 By 2010, establish the role of genetic factors in three major diseases for which health
disparities are noted between populations.

BACKGROUND
The goal is to establish the role of genetic factors in three major diseases for which health
disparities are noted. The element of unplanned discovery in research makes it virtually
impossible to predict accurately when significant scientific advances will be made in the
genetics of any specific disease. Thus, the focus will be on programs that seek to determine
genetic factors across the genome and specifically on research in disease areas that are likely
candidates for genetic advances in the next few years.

Comparable to a drug discovery in which many compounds are screened and tested to yield a
small subset to pursue, to identify genetic factors in three major diseases NIH is pursuing
many more than three areas of disease research. Since it is unrealistic to include all areas of
research in one goal, NIH has chosen three areas of research in which it is likely that
important genetic factors related to disease will emerge by 2010.

Building on the foundation of the Human Genome Project (HGP), NIH, as part of the
International HapMap Consortium, has developed a way to scan large regions of
chromosomes for variants (called SNPs, or single nucleotides polymorphisms) associated
with an increased risk of disease. Researchers can use the HapMap to find genes and variants
that contribute to many diseases; it is also a powerful resource for studying the genetic
factors contributing to variation in individual response to disease, drugs, and vaccines.
Understanding the role of genetics in major diseases that have been noted for disparities, and
thus achieving this goal, will rely on such tools.

Prevalence/Incidence

Virtually all diseases have a genetic component, even though the vast majority of human
genetic information is the same for all people. Indeed, any two individuals share 99.9% of
their DNA sequence. However, this translates to approximately 10 million DNA sites where
people commonly differ, many of which may be medically important. Some of these
variations affect an individual's risk for disease; others influence how an individual may
respond to drugs. Most genetic variations, including those that are medically important, are
shared by all racial, ethnic, and cultural groups. Thus, much of human genetics research
applies broadly to all groups of people, regardless of which individuals are studied.

A disease may be said to be 'common' if its incidence is high and it is seen in many
populations, although not necessarily at similar frequencies in each population. Many
diseases that have a genetic component affect populations in different ways. For example,
diabetes is a debilitating disease that affects an estimated 18.2 million people in the United
States and is the sixth leading cause of death. Type 2 diabetes (noninsulin-dependent diabetes
mellitus, or NIDDM) is the most common form and occurs more frequently among minority
groups. Overall, Hispanic/Latino and African Americans are nearly twice as likely, and
American Indians are 2.6 times more likely to develop type 2 diabetes than are whites.
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o Diabetes is the sixth leading cause of death in the U.S. affecting an estimated 18.2
million people. Type 2 diabetes is the most common form and occurs more frequently
among minority groups. Hispanic/Latino and African Americans are nearly twice as
likely, and American Indians are 2.6 times more likely to develop type 2 diabetes than
are whites.

e Deaths due to cerebrovascular diseases are highest among African Americans and
lowest among American Indians and Alaska Natives, with whites at an intermediate
risk.

e Over 60 million Americans, or approximately 20% of the population, have
hypertension. Many minorities have higher rates of hypertension, tend to develop
hypertension at an earlier age, and are less likely to undergo treatment to control their
blood pressure than whites.

e Within the U.S., racial and ethnic disparities in risks of developing and dying from a
number of different cancers have been recognized for decades. Whites have the
highest rates of breast cancers, Asian Americans have the highest rates of liver and
stomach cancers, and Native Americans have the highest rates of gall bladder cancers.
African Americans are at the highest risk of a number of different cancers, including
those of the esophagus, lung, colon, pancreas and prostate. Prostate cancer is the most
common non-skin cancer and the second leading cause of cancer-related death in U.S.
men. Thus, the 60% higher rate of development of prostate cancer and a two-fold
higher risk of death from it among African American men is a major health problem.

Rationale

Understanding how genetic variations contribute to various diseases will hopefully lead to a
better understanding of why individuals are at particularly high risk of developing health
problems. Genetic variations associated with a disease are identified through analyses of
large study groups; only these offer the statistical power needed to identify and confirm
genetic and environmental contributors to complex diseases.

Although many of the large population studies such as Framingham and the U.S. Physicians
Health Study have had a major impact on the health of all U.S. population groups, these
studies do not have appropriate minority representation across the U.S. population. For
serious but less common diseases such as cancer, these studies may not be able to uncover
specific genetic reasons for the differences in disease rates for minority populations. Because
of this, the NIH has developed specialized study populations to collect large amounts of data
on minority populations to combine with the data from other large cohorts. These studies will
provide great insights into the genetic factors in diseases for which health disparities are
noted, but it is currently unknown which studies will bear specific results. It is expected that
this goal will yield knowledge about the genetic factors in diseases such as hypertension,
prostate cancer, and diabetes, but over the life of this goal, research into other diseases may
develop additional results.
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PERFORMANCE ANALYSIS
Target Context and Conditions
Genomic research is rapidly producing new opportunities for understanding disease
biology, and promises to enhance health care and health outcomes significantly through
improved strategies for prediction and prevention, targeted drug treatment, and innovative
molecular-based therapies. The NIH, a world leader in genomic research, will fund research
to identify genetic factors across the genome that play a role in three major diseases for
which health disparities are noted. Examples of some of the diseases currently under
investigation include diabetes, hypertension, and prostate cancer. A major concern in the era
of genomic health care is to insure that all racial, ethnic, and cultural groups can benefit
fully from genomic technology.

Finland-United States investigation of type 2 diabetes(FUSION) involves the phenotyping
and DNA analysis of 2400 individuals with diabetes living in Finland. The Finnish
population provides an ideal basis for studies of complex genetic diseases such as type 2
diabetes due to its relative genetic and environmental homogeneity, excellent data sources,
and a population strongly supportive of biomedical research. Researchers at NIH have been
engaged in FUSION, a large collaborative study of more than 2400 individuals with
diabetes from Finland, using careful detailing of diabetes and diabetes associated traits, and
genome-wide genetic linkage and association. The majority of the samples have already
been subjected to a genome scan using microsatellite markers, and several regions of
interest have been identified. Those samples are now being genotyped in order to map these
areas finely, in an effort to identify the specific genetic variants that contribute to risk for
this common illness.

The Family Blood Pressure Program (FBPP) is a multidisciplinary project, with a goal of
locating and characterizing genes that contribute to hypertension and related conditions in
multiple racial and ethnic groups (non-Hispanic whites, African Americans, Hispanics, and
Asians). Investigators involved in the FBPP have recently identified many hypertension
susceptibility genes and regions of the genome that are likely to contain them. Pooled data
generated by the FBPP have been made available to the scientific community, and data
training workshops will be held to facilitate research in this area. The goal of the FBPP is to
enable improvements in hypertension prevention and treatment.

To help meet the challenge of eliminating suffering and death from cancer, it is important to
capitalize on the extraordinary momentum generated by advances in human genetic
research. Currently, a comprehensive study of hormone related gene variants is planned,
utilizing a coalition of investigators involved in population follow-up studies (Consortium
of Cohorts). In addition, a study entitled the Cancer Genetic Markers of Susceptibility (C-
GEMS) will use the latest genomic technologies to perform dense whole genome scans to
identify and validate susceptibility genes in the induction and progression of prostate cancer
and clarify gene-gene and gene-environment interactions. Specific regions of human
chromosome 8q24 have been associated with the risk of prostate cancer in African
Americans. To further understand the genetic basis for the increased risk of prostate cancer
in this region, high-density sequencing of the 8q24 region is underway on a study focused
on prostate cancer in West Africans from Ghana. The data from the first round of
replication has been analyzed and second stage replication of the remaining positive
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associations (~150 SNPs) is ongoing. The second stage replication study sample set is
enriched with several ethnic populations, with a particular focus on African Americans. In
the future, intramural scientists will perform the second stage validation on positive genetic
variants associated with increased susceptibility to prostate cancer from an extramural
GWAS being planned on several ethnic groups. This group will have a particular focus on
African Americans and will be carried out through an intramural/extramural collaboration.
Positive findings from this study will be the focus of further investigation across the
scientific community. This work will provide new insights into mechanisms of
carcinogenesis and point the way to novel strategies for accelerating the prevention, early
detection, and treatment of prostate cancer.

The first phase of the HapMap Project, a comprehensive catalog of human genetic variation,
was completed in 2005 and identified 1 million SNPs, markers of genetic variation, in four
population groups. The second phase of the project will provide researchers with a denser
map to narrow gene discovery more precisely to specific regions of the genome. In the third
phase of HapMap, ten carefully chosen regions will be genotyped in additional populations

to assess how well the HapMap and its tag SNPs work in other groups. This will aid in
exploiting the utility of HapMap across the range of populations in the US.

The Pima Indians of Arizona have the highest reported prevalence of type 2 diabetes
mellitus (T2DM) of any population in the world. This population also has high rates of
obesity. Studies have shown that both T2DM and obesity are heritable diseases. The goal is
to identify and characterize susceptibility genes for T2DM and obesity among this
American Indian population using positional cloning in chromosomal regions identified
through linkage studies. Results from the linkage study in Pima Indians indicate a locus
linked to both obesity and T2DM on chromosome 11, and a second locus linked to T2DM
alone on chromosome 1. In its next phase, a high density single nucleotide polymorphism
map will be pursued which will facilitate identification of genetic variations associated with
both obesity and T2DM.

Baseline 2008
e (FYO07) HapMap III not started

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) The FUSION|[(EXT) The pooled [Release Phase 1 core|(MET) The program |HapMap III: (MET) HapMap III  [Begin biologic
study collected 3.0 |data with pooled data with data center Analyze data from |analyzed data from |assessment of the
million genotypes, [documentation and [documentation to the|successfully samples from additional most likely
making a cumulative [web utility were public, create a web [completed a Public [additional populations allele  |diabetes/obesity

total of 6.0 million
genotypes collected
for this study of
genetic variants that
predispose to
common type 2
diabetes. The
cumulative total
exceeded the
projected target by
200,000 genotypes.

made publicly
available in
September 2006.
Public data training
is scheduled for
March 2007.

utility for sharing
Family Blood
Pressure Program
data and hold a
training workshop
for the scientific
community.

Perform initial
whole genome scan
for prostate cancer
susceptibility genes
in the C-GEMS
study.

Access Data
Training Workshop
on March 13 -14,
2007.

(MET) NIH
performed initial
whole genome scan
for C-GEMS study.

populations to assess
how well the
genome-wide
HapMap applies to
additional
populations, as well
as to figure out how
to choose HapMap
SNPs to make them
most useful for
additional
populations.

frequencies and
haplotypes

susceptibility genes
in regions of
linkage/association.
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SUMMARY OF 2008 PERFORMANCE RESULTS
Target
The FYO08 target was MET. Samples from several populations were genotyped to provide
data on a dense set of SNPs and structural variants across the genome; samples were also
sequenced in 13 regions of the genome. These data were released publicly. Researchers
genotyped 1260 samples (the original 270 HapMap samples from Utah, Yoruba from
Nigeria, Han Chinese, and Japanese, another 270 samples from the same HapMap
populations, and 720 samples from an additional 7 populations -- African-American,
Mexican-American, Gujarati (India) from Houston, Chinese from Denver, Tuscans from
Italy, and Luhya and Maasai from Kenya). Approximately 900,000 SNPs in these samples as
well as data on structural variants were obtained. Researchers also sequenced ten 10 kb
regions of the genome in 712 unrelated samples in this set of 1260. These data show that the
original HapMap data are useful in the additional populations. The data are a valuable
resource on allele frequencies and haplotypes that will be used in genome-wide association
studies in these populations and other populations to improve the ability of researchers to
find variants and regions of the genome that are associated with diseases. The data will be
used to design platforms that are generally applicable to any population, and can assist
researchers choosin choosing sets of SNPs for follow-up studies of particular regions of the
genome.

PART
This goal was included in the FY 2007 PART of the Intramural Research Program. NIH
will continue to achieve this goal's annual requirements as indicated by the PART
Improvement Plan.
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SRO-5.10 By 2011, conduct studies of girls aged 6 through 8 years to determine the associations
between the age of onset of puberty and progression through puberty with 12
environmental exposures.

BACKGROUND
Breast cancer is a complex disease, the causes of which have eluded scientists for many
decades. Improvements have been made in early disease detection, surgical and medical
modalities for treatment and survival for women with breast cancer. Although scientists and
clinicians understand more today about the process of carcinogenesis (the process by which
normal cells are transformed into cancer cells) and genetic susceptibility, effective prevention
strategies targeting the causes of breast cancer remain out of reach due to the multiplex of
factors involved in breast cancer causation.

Functioning as a consortium of basic scientists, epidemiologists, research translational units,
and community advocates within and across centers, the Breast Cancer Environmental
Research Centers (BCERC) are investigating mammary gland development in animals and
young girls to determine vulnerability to environmental agents that may influence breast
cancer development in adulthood and will hopefully lead to strategies that better prevent
breast cancer.

Currently there are two broad areas in the BCERC — a basic science project and an
epidemiology project. The basic science project is currently composed of 4 centers that are
studying environmental effects on the molecular architecture and function of the mammary
gland across the lifespan in rodents. The epidemiology project will recruit young girls into a
study for assessing the association of 12 environmental agents — including endocrine
disruptors that may leach from plastics such as bis-phenol a and phthalates — on markers of
early puberty, which is a risk factor for breast cancer.

The purpose of this scientific program is to answer questions that focus on how chemical,
physical, biological, and social factors in the environment work together with genetic factors
to cause breast cancer. Answering these questions will allow the translation of such findings
into information that can be applied to increase awareness of the causes of breast cancer.

Prevalence/Incidence

This study is focused on early onset of female puberty and is not a disease. However, early
onset of puberty is a risk factor for breast cancer, which is diagnosed in 250,000 women in
America each year.

Disease Burden

Breast cancer results in 50,000 deaths in America each year. One third of the prevalence is in
women of child-bearing age and causes significant economic and medical-system burdens.
By one estimate, the total economic cost of breast cancer was $56 billion dollars in 2000,
making this form of cancer the most costly among cancers.
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Rationale

Despite intense research over the past decade into the potential environmental influences on
breast cancer, few candidate exposures have been confirmed. Only irradiation is universally
accepted as a cause for breast cancer. However, genomic, post-atomic blast survivor, and
international migration studies indicate that breast cancer is largely an environmental disease.
Much of the data suggests that time of life exposure is a critical factor in the risk of disease
development. Girls in industrialized nations are increasingly experiencing markers of onset
of puberty at earlier ages. This study is a first step to determine whether puberty is a critical
“window of exposure” that could predispose women to eventual disease pathogenesis (the
origination and development of disease). This project will attempt to examine dietary and
environmental agents that might play a role in early puberty and, thus, increased breast
cancer risk, as well as improved ways of assessing traits indicative of early puberty.

PERFORMANCE ANALYSIS
Target Context and Conditions
This purpose of this study is to determine the risk factors associated with early onset and
altered puberty in girls. The study allows for in-depth observation and analysis of the
progression through puberty of girls between the ages of 6 and 14 years old.

Approximately 1200 girls were recruited in the three Centers’ regions from schools and
day-camps. They are examined twice annually for signs of puberty, and are asked to keep
diaries, use pedometers, and answer questionnaires concerning their diet, exercise regime,
and likely exposures at home and work. Blood and urine samples are collected annually at
the clinics associated with the Centers and used for genome and biomarker analysis. Urine,
as well as blood, is used for the regular determination of chemical to which the girls were
exposed. In addition, blood samples allow for determination of gene variations that may
indicate the susceptibility of an individual to a particular exposure. The samples present a
unique opportunity to determine body burden for a select list of candidate exposures and to
directly associate those exposures with changes in female puberty. Exposures and pubertal
changes are also correlated with subtle variations in genes of interest.

Data will be collected from all active participants. However, as this study takes place over
many years, some attrition is expected each year. Attrition over the whole study may reach
as high as 75%. In designing this study, a 1200 girl cohort was recruited to help ensure
sufficient statistical power in study results, taking into account attrition trends from
previous studies.

The investigative teams met on multiple occasions and through tele-conferences for over a
year in order to jointly draft protocols, questionnaires, train examiners, and create other
investigative instruments for the study. Epidemiologists also met with laboratory biologists
and outreach experts in the study to produce cross-cutting, transdisclipinary studies to
facilitate in-depth analysis on animal models of exposures that are likely to alter female
puberty, and to set the stage for translation of messages on life-style choices that can be
transmitted to local and national communities. These activities are now underway.
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Baseline 2008

e (FYO07) No exams or collection.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
Complete (MET) Recruited Conduct Year 2 (MET) Foryear 2  |Conduct Year 3
recruitment of 1,200 [1244 girls and follow-up clinical  [follow-up, over 87% |follow-up clinical
girls; complete pilot |completed pilot exams and data of the current cohort |exams and data

analysis of selected
environmental
exposures.

urine analysis. Yr 2
clinical exams and
data collection are
on target.

collection for 75%
of the cohort to
examine the
presence of specific
markers of exposure
and correlate with
signs of puberty.

was successfully
contacted and
completed
questionnaires, with
over 85%
completing follow-

up clinical exams.

collection for 75% of]
the cohort to
examine the
presence of specific
markers of exposure
and correlate with
signs of puberty.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was MET. NIH completed year 2 follow-up clinical exams of over 85%
of the cohort, and data collection for over 87%. The study follows up on the FY 2007
recruitment of a 1244 girl cohort to determine how pre-pubertal diet, obesity, and
environmental exposures, which are being directly measured for the first time, alter the time
of first menstruation and later breast cancer susceptibility. For year 2 follow-up, over 87% of
the current cohort was successfully contacted and completed questionnaires. Various clinical
exams, including pubertal stages assessment, anthropometry, and urine analysis, have also
been completed on over 85% of the cohort.
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SRO-5.11 By 2012, develop and test at least two behavioral strategies for the management of
symptoms to reduce the effects of disease, disability, or psychological distress on quality
of life and outcomes.

BACKGROUND
Symptoms such as pain and fatigue are associated with a wide range of acute and chronic
diseases, as well as treatments for such diseases. For example, people living with HIV/AIDS
often experience severe fatigue, while patients being treated for various forms of cancer may
experience debilitating pain as a consequence of chemotherapy. Such symptoms can have
significant, adverse effects on a patient’s quality of life, and ultimately, his or her health
outcomes. The term “Quality of Life” refers to how a patient perceives their life and health
status, and can include a patient’s ability to perform daily activities or live free from pain
while coping with a chronic disease. “Health Outcomes™ is an umbrella category that
includes the total effects of health care practices and medical/behavioral interventions on
factors such as longevity, chronic disease morbidity, and physical and mental functional
status. Measuring quality of life is only one part of assessing health outcomes. Symptoms
reduce functional status, may cause patients to reduce or abandon treatment, and can cause
considerable psychological distress and even depression. Therefore, along with ongoing work
in finding new and better ways to prevent and treat disease, NIH scientists are exploring new
strategies for managing and reducing the symptoms associated with various health
conditions. It is anticipated that these research efforts in symptom management will lead to a
decreased burden of illness and improved quality of life for patients suffering from acute and
chronic disease.

Rationale

Behavior and biology often interact in complex ways to influence health outcomes. For
example, a behavior such as exercise may confer as yet undefined and far-reaching benefits
to disease sufferers through a combination of biological and psychological mechanisms.
NIH-supported researchers are currently clarifying these complex interactions and leveraging
this knowledge to improve health outcomes. To date, NIH-supported scientists have
successfully employed behavioral interventions to increase treatment adherence for those
with chronic diseases such as diabetes and HIV/AIDS, and to improve disease prevention
habits for those at risk of developing disease. The intimate relationships between biology and
behavior point to behavioral strategies as promising avenues for reducing symptom burden.
The successful development of such strategies could significantly improve the ability to
reduce the effects of disease, disability, and psychological distress on quality of life and
health outcomes.

PERFORMANCE ANALYSIS
Target Context and Conditions
Over the next several years, NIH-supported scientists will work to systematically identify
and test the effectiveness of behavioral methods for improving symptom management.
Efforts will initially focus on identifying candidate symptoms appropriate for assessment in
studies of behavior-based symptom management strategies. Next, behavioral strategies
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designed to manage these candidate symptoms will be identified and assessed for their
ability to impact patient quality of life. Measuring the effectiveness of these strategies could
include assessments of patients’ abilities to perform activities of daily living, or of patients’
pain status. The initial years of this goal will thus provide an opportunity to assess the
current state of research into using behavioral methods to manage symptoms and improve
quality of life. Following these initial assessments of quality of life, further study will
identify and assess the impact of promising behavioral symptom management strategies in
reducing the effects of disease, disability or psychological distress on overall health
outcomes. Assessments of health outcomes could include measurements of not only quality
of life, but also factors such as longevity, chronic disease morbidity, and physical and
mental functional status.

Baseline 2008

e (FYO07) Ongoing studies are exploring behavioral strategies to enhance patient outcomes.

FY 2005
Actual

FY 2006
Actual

FY 2007
Target/ Estimate

FY 2007
Actual

FY 2008
Target/ Estimate

FY 2008
Actual

FY 2009
Target/ Estimate

Conduct an analysis
of current literature
to identify at least
three candidate
symptoms
appropriate for
assessment in studies
of behavior-based
symptom
management
strategies.

(MET) An analysis
of current literature
was conducted to
identify three
candidate symptoms
appropriate for
assessment in studies
of behavior-based
symptom
management
strategies.

Assess the impact on
patient quality of life
of a cohort of
behavior-based
symptom
management
strategies designed
to manage candidate
symptoms identified
in FYO08 analysis.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target

The FY 2008 target was MET. An analysis of current literature was conducted to identify
three candidate symptoms appropriate for assessment in studies of behavior-based symptom
management strategies — pain, insomnia, and fatigue.

Through this analysis, pain was identified as one such candidate symptom. One study
examined self-management training for older adults and its effect on levels of chronic pain.
Patients who underwent training in chronic pain self-management experienced significantly
decreased pain intensity post-intervention and a significant difference in physical role
functioning. Health-engagement control strategies have also been found to manage pain in
older adults. Pain associated with chronic and functional health declines was significantly
decreased in patients who reported high levels of health-engagement control strategies. These
preliminary results suggest that behavior-based pain management strategies, such as self-
management training and health-engagement control, may be effective in reducing chronic

pain.

A second candidate symptom for behavior-based management strategies is insomnia. One
study examined the effects of home-based exercise intervention on older women who were
currently receiving hormonal treatment for breast cancer. Older women are more likely to

121




receive hormonal treatment for breast cancer than younger patients, yet interventions
designed to manage hormonal therapy-associated symptoms have been studied almost solely
in these younger patients. Patients who underwent home-based exercise interventions had
significantly improved sleep quality, as opposed to their control group counterparts, who
experienced no difference in sleep quality. In addition, serotonin levels were significantly
altered by the exercise intervention, suggesting that serotonin may be a useful biomarker for
sleep disturbance assessments. This study indicates the potential usefulness of, and the need
for future research into, behavior-based interventions. Home-based exercise interventions, as
well as others, may be successful behavior-based insomnia management strategies.

Behavior-based strategies may also be effective in managing a third symptom, fatigue.
Fatigue, along with pain and insomnia, are all common yet frequently under-managed
symptoms that cancer patients may experience through the course of their disease. By
examining the predictors of patterns of fatigue, potential behavioral-based strategies could be
developed to produce effective mitigation of symptoms. One study observed fatigue in
elderly patients in the first year after a cancer diagnosis. Researchers found that earlier
patterns of fatigue were often associated with significantly increased risk of subsequent
patterns, which were in turn associated with higher co-morbidity. Further research in this
area may improve the understanding of patterns of fatigue and possible predictors, thus
advancing the development of potential symptom management techniques. A behavior-based
fatigue management strategy could be effective in moderating fatigue and associated
consequences.

Future research on behavior-based symptom management strategies may lead to increased
quality of life and better health outcomes for patients experiencing pain, insomnia, or fatigue.
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SRO-5.12 By 2013, identify several potential targets and/or molecules that modulate or enhance the
extinction of learned behaviors and conditioned associations supporting addiction,
compulsion, or anxiety disorders.

BACKGROUND
Drug addiction is a chronic, relapsing brain disease that can begin with occasional drug use,
and over time lead to intense craving and compulsive drug taking, and relapse following
periods of abstinence. A considerable body of evidence indicates that mechanisms of
learning underlie the development of addiction, as well as other compulsive behaviors, and
some anxiety disorders (e.g., posttraumatic stress disorder, obsessive compulsive disorder,
specific and social phobias). Thus, interventions that can interfere with or reverse such
learning would be expected to enhance treatment of disorders, including relapse to drug
abuse.

Prevalence/Incidence

Addiction is a common disorder. According to the National Survey on Drug Use and Health
(NSDUH), in 2006 there were an estimated 22.6 million persons aged 12 or older (9.2
percent of that population) meeting criteria for substance abuse or dependence. Substance
abuse and dependence frequently co-occur with anxiety disorders, which is the most common
class of mental disorders in the U.S. In 2006 there were an estimated 24.9 million adults
aged 18 or older with Serious Psychological Distress in the past year, or about 11.3 percent
of all adults in the country in a given year, have a diagnosable psychological distress
disorder.

Disease Burden

Drug abuse is costly to Americans, tearing at the fabric of our society and taking a huge
financial toll on our resources. Beyond its inextricable link to the spread of infectious
diseases, such as HIV/AIDS, sexually transmitted diseases (STDs), tuberculosis, and
hepatitis C, drug abuse is often implicated in family disintegration, loss of employment,
failure in school, as well as domestic violence, child abuse, and other crimes. Placing dollar
figures on the problem, smoking, alcohol and illegal drugs are estimated to cost this country
more than half a trillion dollars per year, with illicit drug use alone accounting for about $180
billion in crime, productivity loss, health care, incarceration, and drug enforcement. In 2006,
the number of persons needing treatment for an illicit drug or alcohol use problem was 23.6
million, and only 2.5 million of them received treatment at a specialty facility. In 2006, there
were 5.6 million adults with serious psychological distress associated with substance
dependence or abuse, and of these about half received mental health treatment or substance
use treatment at a specialty facility.

Anxiety disorders are also extremely costly to Americans. During the 1990s, the annual cost
of anxiety disorders was estimated at just over $43 billion, or approximately $1500 per
sufferer. The leading costs for this class of disorders were attributable to direct medical and
psychiatric care ($36.3 billion per year) and lost workplace productivity ($4.1 billion per
year). Of the nearly 40 million American adults with a diagnosable anxiety disorder each
year, only 37% seek psychiatric or medical treatment.
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Rationale

Evidence indicates that conditioning and other types of learning play an important role in the
development of addiction, and susceptibility to relapse, as well as anxiety disorders.
Therefore, interventions that can interfere with or reverse such learning may enhance
treatment of addictive disorders and some anxiety disorders. Extinction is an active process
whereby previously learned associations are weakened and new ones formed. For this to
happen, the underlying neural circuits must be modified. Thus, it should be possible to
identify potential targets and molecules that enhance extinction by affecting relevant neural
substrates; e.g., the prefrontal cortex--involved in cognitive and executive function, reversal
learning, and attention; the amygdala--involved in emotional learning; and the dorsal
striatum--involved in habit formation. Ultimately, this research could be used to guide and
enhance behavioral and pharmacological interventions for the treatment of drug abuse, and
other compulsive behaviors, including some anxiety disorders.

PERFORMANCE ANALYSIS

Target Context and Conditions

NIH has demonstrated its commitment to this area through the release of a Request for
Applications entitled “Extinction and Pharmacotherapies,” with the goal of stimulating
research on the mechanisms underlying extinction in order to guide the development of
interventions for enhancing extinction of drug-seeking behavior. However, the level of
achievement from this goal is conditional on receiving applications of sufficient scientific
merit. The funded research may include investigations on how manipulations of learning
and memory could control drug-seeking behavior using animal models; and studies to
determine the biochemical and cellular changes occurring during extinction training.
Research conducted under this RFA will ultimately be used to guide and implement
combined behavioral and pharmacological/molecular interventions for the treatment of drug
abuse relapse.

Because of the link between learning and other types of mental disorders, e.g. anxiety
disorders, including phobias, other research investigating novel strategies to assess the link
between fear conditioning/extinction, behavioral expression, and neurocognitive
mechanisms will also be supported in patients suffering from anxiety related behaviors,
traits and disorders and in animals and other models relevant to these traits and disorders.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009
Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate

Test at least two
compounds or
medications in
animal models of
extinction of drug-
seeking behavior.

SUMMARY OF 2008 PERFORMANCE RESULTS

Target
Performance Results for the FY09 GPRA Performance Target will be reported in February,
2010.
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SRO-6.1 By 2012, identify the genes that control the risk of development of age-related macular
degeneration (AMD) and glaucoma in humans.

BACKGROUND
Prevalence/Incidence
Age-related macular degeneration (AMD) is a sight-threatening degenerative eye disease that
affects the part of the retina known as the macula and leads to varying degrees of vision loss
depending on the form and severity of the disease. Of the nearly 60 million people in the
United States age 55 or older in the year 2000, an estimated 7.3 million are at risk of
developing advanced, sight-threatening AMD in one or both eyes and 1.75 million citizens
currently have AMD. This number is expected to increase to nearly 3 million by the year
2020. Glaucoma is a group of eye disorders that shares a distinct type of optic nerve damage
that can lead to blindness. Approximately 2.2 million Americans have glaucoma currently,
and this number will increase substantially due to the aging of the U.S. population.

Disease Burden

AMD is the leading cause of irreversible vision loss in the United States among persons older
than 65 years of age, the fastest growing segment of the U.S. population. AMD threatens the
eyesight and independence of the growing U.S. population of older Americans. People older
than 60 are at greatest risk for AMD. Glaucoma is a major public health problem and is the
number one cause of blindness among African Americans. It is often described as a “silent
thief” of sight, because there may be no symptoms in the early stages of the disease process
until the loss of side or peripheral vision becomes noticeable. As the disease progresses, the
field of vision narrows until blindness results. African Americans older than age 40,
everyone older than age 60, and people with a family history of glaucoma are at increased
risk for glaucoma.

Rationale

The development of effective treatments for AMD has been limited by the complicated
nature of the disease and the fact that the pathophysiology of the disease is poorly
understood. The genes for other forms of macular degeneration, including Stargardt disease
and Best macular dystrophy, have been identified and are being studied to learn whether
similar disease mechanisms are involved in AMD. These genes have also been considered as
candidate genes for AMD, but the results suggest a complex underlying genetic
predisposition or susceptibility to biological and environmental factors in the pathogenesis of
this complex disorder. Additional investigation of the genes that control this predisposition or
susceptibility may improve understanding of the disease process and ultimately lead to
improved treatments or the means to prevent this disease. Glaucoma is not a single disease
but rather a group of diseases characterized by a particular type of retinal ganglion cell death
that is usually, but not always, associated with an increase in intraocular pressure. Current
treatments, whether surgical or pharmacologic, are aimed at reducing intraocular pressure
and are often inadequate in preventing vision loss. A variety of mutations have been
identified that may play a role in the development of primary open-angle glaucoma. The
multiple genetic loci and gene associations linked to various forms of glaucoma are other
indications of the complex nature of this disease and underscore the need for additional
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research to clarify the roles of environmental and genetic risk factors in the pathology of this
heterogeneous disease.

PERFORMANCE ANALYSIS
Target Context and Conditions
NIH began to implement strategies for achieving this long-term goal by increasing the
scope and availability of the genomic resources to researchers via NEIBank, an Internet-
accessible database of genes and proteins expressed in the eye and visual system, and via
several related trans-NIH activities. Expanding the available genomic resources (e.g.,
information on DNA sequences from human and other species, new and variant forms of
genes, unique human eye-expressed genes) enables researchers to accelerate the
identification of genes that control risk for AMD and glaucoma.

Another important implementation strategy was developing standards for AMD
phenotyping and agreement on precise definitions of the diverse retinal phenotypes found in
macular disease. Work on AMD human genetics requires common disease descriptors and a
systematic phenotyping system. This was accomplished through an existing network of
reading/grading centers that review photographs of ocular pathology, both nationally and
internationally. Representatives from each of these centers helped set uniform standards,
examined existing descriptors to find common elements, pooled data, and determined
mechanisms for sharing data. Using a consensus approach, a descriptive manual with
standards was developed that will allow investigators around the world to have a 'common
language' to describe different stages and forms of macular disease.

In December 2006, NIH launched the Database of Genotype and Phenotype (dbGaP) using
the dataset from the Age-Related Eye Diseases Study (AREDS), a landmark study of the
clinical course of Age-related Macular Degeneration (AMD) and cataracts. This database
enables Genome-Wide Association Studies (GWAS), an analytic technique to assess how
genetic variations across the entire human genome correlate with disease manifestation.
Using these data, recent studies demonstrated an association of the complement system and
inflammation with AMD, and linked two genes with the observed progression to advanced
(or ‘wet’) AMD. In addition, the National Eye Disease Genotyping Network (EyeGENE)
was created to assist in developing awareness of resources available to people affected with
ocular genetic diseases, their clinicians, and researchers.

Complex diseases like AMD and glaucoma involve the interaction of multiple genetic and
environmental factors. In addition, modifier genes may alter the progression or severity of a
disease among affected individuals. Animal models are useful tools that allow investigators
to explore complex genetic and biochemical interactions that cannot be directly tested in
humans. Several candidate genes, including fibrillin-6 and Stargardt gene for AMD, and
optineurin for glaucoma, have been identified in animal models. Research testing mutated
forms of these genes, and other candidate genes identified in human genetics studies, is
proving invaluable. Ultimately, therapies that delay, prevent, or reverse the effects of these
genetic alterations in animals can be tested and may lead to studies in humans.

Also important in progress toward this goal is providing investigators with genetic material
and information from well-characterized patients. Population-based resources of blood,
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transformed lymphocytes, and DNA from patients with AMD and glaucoma will be made
available to investigators nationally. Because of the rigor and uniformity in characterizing
the disease status of the participants, ongoing clinical trials will be used to collect
specimens and create large databases of genetic information for additional analysis. Large-
scale DNA collections allow geneticists to narrow in on disease-causing genes by studying
haplotypes, a set of closely linked genes inherited as a unit. By using small changes in DNA
called Single Nucleotide Polymorphisms (SNPs) as landmarks, geneticists can pinpoint
regions of chromosomes and eventually specific genes that give rise to disease. It will also
be necessary to accelerate the application of candidate gene and other genetic approaches to
the study of AMD and glaucoma.

In advanced AMD, Vascular Endothelial Growth Factor (VEGF) induces abnormal
neovascularization, the growth of new blood vessels, often resulting in blindness.
Therapeutic strategies that block VEGF in the retina have been successfully applied to slow
progression of AMD, and in some cases, reverse advanced AMD and improve vision.
Recently, a genetic variant of complement factor H, important in immunity and
inflammation, was shown to be associated with about half of the cases of AMD. This
suggests that additional alterations of genes involved with innate immunity and vascular
formation are likely to be involved in AMD. Genetic and observational studies in humans
have also identified a role C-reactive protein and complement factor B, however, to date the
mechanism by which inflammation impacts AMD is not well understood and few other
genes have been identified and validated. Additional genetic studies using animal models
might lead to new therapeutic options.

Baseline 2008
e (FYO06) Twelve genes associated with glaucoma have been mapped six genes have been

cloned.

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2008 FY 2009

Actual Actual Target/ Estimate Actual Target/ Estimate Actual Target/ Estimate
(MET) Collected (MET) Animal Conduct studies in  [(MET) Genes that  [Conduct haplotype |(MET) Haplotype |Determine the
samples from over [models have been  [animal models to modify analysis to identify |analyses on African |phenotypic
4,000 well- established for identify potential risk/progression of |common risk American expression of
characterized glaucoma and age- |modifier genes. complex eye haplotype for genes |populations naturally-occurring
patients with either |related macular diseases were associated with identified key or chemically- or
AMD or glaucoma. |degeneration. identified and primary open-angle |regions on environmentally-

Created the National
Eye Disease
Genotyping Network
(EyeGENE).

validated using
animal models.

glaucoma (POAG)
through single-
nucleotide
polymorphism
(SNP) genotyping.

chromosomes 2 and
3 associated with
POAG. NIH also
launched two new
POAG GWAS
projects in the US.

induced genetic
changes in animal
models of glaucoma
or age-related
macular
degeneration (AMD)
to characterize the
genetic mechanisms
involved in disease
pathogenesis.
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SUMMARY OF 2008 PERFORMANCE RESULTS
Target
The FY 2008 target was MET. In a linkage analysis in 142 primary open-angle glaucoma
(POAG) families using over 5,000 SNPs, a novel region on human 