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How Genomics Can Improve Health

A decade after the se-

quencing of the human ge-

nome, the National Human

Genome Research Institute

announced a strategic plan

forgenomicmedicine.Itcalls

for evaluating the structure

and biology of genomes, un-

derstanding the biology of

disease, advancing the sci-

ence of medicine, and im-

proving the effectiveness of

health care.

Fulfilling the promise of

genomics urgently requires

a population perspective to

complement the bench-to-

bedside model of transla-

tion.

A population approach

should assess the contribu-

tion of genomics to health

in the context of social and

environmental determinants

ofdisease; evaluategenomic

applications that may im-

prove health care; design

strategies for integrating ge-

nomicsintopractice;address

ethical, legal, and social is-

sues; and measure the pop-

ulation health impact of new

technologies. (Am J Public
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IT HAS BEEN MORE THAN 20

years since the National Human
Genome Research Institute and
the Department of Energy
launched the Human Genome
Project and 10 years since the
completion of the initial draft of
the human genome sequence. On
February 10, 2011, the institute
announced its ambitious plan
‘‘charting a course for genomic
medicine from base pairs to bed-
side.’’1(p24) The plan is organized
around several domains, extend-
ing from basic research to bedside
applications: (1) understanding the
structure and biology of genomes,
(2) understanding the biology of
disease, (3) advancing the science
of medicine, and (4) improving the
effectiveness of health care. The
plan reflects the view that the most
effective way to improve human
health is to understand normal
biology (including genome biol-
ogy) and its perturbations as the
basis for developing diagnostics
and therapeutics to improve
health care.1

Fulfilling the promise of geno-
mics in improving health requires
a population research agenda to
complement the ‘‘push’’ model
of clinical translation, often de-
scribed as the first phase of trans-
lation (bench to bedside; Figure
1).3 An expanded multidisciplin-
ary research agenda is needed to
understand and address the ‘‘pull’’
forces on genomics to improve
health at the population level (be-
yond bench to bedside; Figure 1).
A population approach to genomic
medicine is needed to assess the
contribution of genomics to health
in the larger context of social and

environmental determinants of
disease,4 evaluate promising ge-
nomic applications for their po-
tential to improve health and
health care, design appropriate
implementation strategies for in-
tegrating genomics into clinical
and public health practice, and
measure the population health
impact of new technologies. A
population approach to genomics
should be informed by the public
health code of ethics, which ad-
dresses fundamental tensions be-
tween the rights of individuals and
the good of the community.5,6

An expanded research agenda
should focus not only on the
bench-to-bedside translation
phase but also on what is often
called the second phase of trans-
lation (steps T2---T4 in Figure 1).2

Although we and others have
made some of these points be-
fore,7---10 we see an ongoing need
to emphasize the public health
perspective in the context of the
new strategic plan.

A population approach is
needed to explore how genomics
can contribute to our under-
standing of health and disease.
Characterizing health-related
metrics at the individual level of
what is typical biology (including
the genome) can only be obtained
from well-designed, large epide-
miological studies with represen-
tative population samples, in-
cluding minority populations,
which have been difficult to in-
volve in clinical and public health
research. For example, in the
United States, reference popula-
tions can be obtained from public
health data systems such as the

National Health and Nutrition
Examination Survey, a large
multiethnic representative sam-
ple of the population with phe-
notypic, genotypic, and disease
risk factor data on thousands of
individuals.11

A population perspective is also
needed to assess how genomics
fits in an overall ecological model
of health and disease that con-
siders the interaction of individ-
uals’ genes and other clinical and
behavioral characteristics with fa-
milial, social, environmental, and
health system determinants.12,13

The study of genetic variation in
relation to the effects of infections
and environmental, behavioral,
social, and other modifiable fac-
tors across the life span can con-
tribute to a better understanding
of complex disease processes. In
addition, emerging scientific areas,
such as epigenetics,14 can contrib-
ute more directly to our under-
standing of how environmental
factors can lead to heritable
changes in gene expression and
their impact on disease processes.
Most common chronic diseases
with global health impact have
known environmental, social, and
behavioral determinants (e.g., to-
bacco use; physical activity; diet;
racial, ethnic, and economic fac-
tors; and differential access to
health care). Therefore, a compre-
hensive research agenda for ge-
nomics should address the inter-
actions of genes with other factors
as they contribute to the anteced-
ents of disease determinants (e.g.,
antecedents of tobacco use and its
endophenotypes15) as well as the
determinants of disease outcomes
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(e.g., survival and quality of life
after the occurrence of cancer16).

By using advances in genomics
to address global public health
problems with complex environ-
mental causation,17,18 we can as-
sess whether existing strategies
(e.g., medications; social, behav-
ioral, and policy interventions) will
work across all segments of the
population or will need to be
modified on the basis of individual
susceptibility and disease molecu-
lar subtypes. The outcomes of
such assessment can reflect the
added value of genomics in ways
that may not necessarily lead to
new therapies or genomic testing
for individuals or population
groups. For example, Mendelian
randomization19 could identify
environmental factors amenable
to intervention at the policy level,
for example, by helping to deter-
mine maximum allowed exposure
levels among the most susceptible
population subgroups.20 More in-
tensive environmental or behav-
ioral interventions could be tar-
geted to susceptible groups.
Clearly, discovering the genetic

components of disease and other
health outcomes is not sufficient. A
population-driven, multidisciplin-
ary research agenda is needed to
establish whether these discover-
ies merit a place in the armamen-
tarium for disease treatment and
prevention.

A multidisciplinary research
agenda is needed to fill in knowl-
edge gaps beyond bench to bed-
side, that is, from the bedside to
improved population health. Pub-
lic health and health services re-
searchers tend to view transla-
tional research as a process for
developing evidence-based inter-
ventions and implementing them
in practice, thus ensuring that new
interventions actually reach the
populations for whom they are
intended and are implemented
correctly. The endpoint for bench-
to-bedside research, typically the
production of a new drug or in-
tervention or a new genome-
based test, is the starting point for
the second phase of translation.

The Institute of Medicine’s Clin-
ical Research Roundtable defined
two broad phases of translation

in relation to two broad research
gaps: (1) ‘‘the transfer of new un-
derstandings of disease mecha-
nisms gained in the laboratory into
the development of new methods
for diagnosis, therapy, and pre-
vention and their first testing in
humans’’ and (2) ‘‘the translation
of results from clinical studies into
everyday clinical practice and
health decision making.’’3(p1278)

For genomic medicine, spanning
the second translation gap in-
volves scientific evaluation of
promising applications, such as
diagnostics, drugs, behavioral and
policy interventions (T2), imple-
mentation science (T3), and com-
parative effectiveness research
and public health surveillance
(T4).2,21

This second phase of transla-
tional research, which currently
composes less than 2% of total
research in genomics,2,21 is a crucial
link between genome-based dis-
coveries and population health im-
pact. Multiple factors could underlie
the imbalance between the first and
second phases of translation, in-
cluding the preferential emphasis of
federal funding on discovery re-
search.21 Even the recently estab-
lished Center for the Advancement
of Translational Sciences at the
National Institutes of Health seems
to be focused on translational re-
search in therapeutics for clinical
applications rather than on
a broader translational research
agenda to serve public health
goals.22 Some public health re-
searchers and practitioners are also
concerned that undue attention to
genetic causes of disease could de-
tract from efforts to address envi-
ronmental or social determinants of
health and health disparities.23

Fortunately, an increased emphasis
on gene---environment interaction
(such as through epigenetics)
should begin to bridge this gap in
translational research.

Translation of promising geno-
mic applications into day-to-day
health practice is slow and uncer-
tain, with major issues in imple-
mentation, access, and disparities
across segments of our population.
For example, although testing for
BRCA1, a gene discovered in
1994, is well established, evalua-
tion of the implementation, effec-
tiveness, and impact of testing
among high-risk women has been
slow to accrue. Evidence-based
recommendations for BRCA1 test-
ing were published in 200524;
however, major racial disparities
persist in testing utilization,25 and
provider knowledge and practices
are far from optimal.26 Another
well-established genomic applica-
tion is somatic HER2 tumor testing
to target trastuzumab treatment
of patients with breast cancer.27

Although this testing is in wide-
spread use, the high cost of tras-
tuzumab therapy is accompanied
by persistent gaps in knowledge
about how to most efficiently tar-
get such therapy.27

More than 2000 genetic tests
are already available,28 and more
than 330 genome-based applica-
tions appeared on the horizon
since 2010.29 Clearly, an evidence
gap is growing between emerging
applications and the data that
show their effectiveness in prac-
tice and the best approaches for
implementation and dissemina-
tion. With the expected growth of
new genomic applications, includ-
ing the potential deployment of
clinical whole-genome sequencing
in the next few years,30 we ur-
gently need to evaluate the bal-
ance of benefits and harms of
these new tools for individuals,
families, and communities––an es-
sential component of the evidence
base for their use in practice.
These developments also raise
concerns about privacy and con-
fidentiality of genetic information

Source. Adapted from Khoury et al.2

FIGURE 1—A framework for multidisciplinary research in genomics

and health beyond bench to bedside, with green representing the

first phase of translation (T1) and blue representing the second

phase of translation (T2–T4), with a feedback loop to basic

science discoveries (T0).
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and create a need for enhanced
provider and consumer education.

The emergence of the direct-to-
consumer movement in personal
genomics31 raises the prospect of
genomic testing delivered not only
within health care settings, but
also in community settings and for
personal use. This trend has po-
tential implications for public
health roles in policymaking as
well as for educating health care
providers and the public. Al-
though increasing availability and
consumer demand are likely to
fuel the integration of new geno-
mic tools in health care and dis-
ease prevention, we still need to
understand their potential bene-
fits, harms, and costs from the
perspectives of individuals, popu-
lations, and health care systems.32

Knowledge of biological pathways
and gene---disease associations is
not enough to demonstrate the
value of genomic information in
improving health.32 Although
many genomic applications––such
as diagnostic tests, new therapies,
and pharmacogenomics––will be
used in health care settings, others
may become part of public health
practice, either through existing
public health programs (e.g., new-
born screening33) or by informing
public health efforts to combat
infectious, environmental, and
chronic diseases.

Finally, a population perspec-
tive is needed to understand the
many push and pull stakeholder
forces that can accelerate or slow
down the translation process.
These include, for example, public
and private investments, policy
and legal frameworks, oversight
and regulation, product marketing,
insurance coverage and reimburse-
ment, consumer education, pro-
vider awareness, and differential
access to services.34 In addition,
conflicts may arise among stake-
holders in determining when

specific genomic applications are
ready for clinical implementa-
tion.35 For example, payers tend
to require a higher level of evi-
dence of clinical utility than do
genomic researchers or test de-
velopers. Understanding these
multiple forces and how to act on
them is a research agenda in itself.

To achieve a shared vision of
genomic medicine, a population
‘‘honest broker’’ perspective is
needed to address stakeholders’
issues and differences and to har-
monize their demands regarding
the nature, quantity, and quality of
evidence called for to drive de-
cision-making by individuals and
health systems.36 Such stake-
holder collaboration links re-
searchers and decision-makers,
facilitates their interaction so that
they can better understand each
other’s goals and professional cul-
ture, forges new partnerships, and
applies evidence from transla-
tional research. A foundational
basis, consisting of at least some
level of evidence derived from
a broad spectrum of translational
research (steps T2---T4) is required
to allow productive knowledge
brokering between stakeholder
groups, a process that is ultimately
about developing and using evi-
dence-based decision-making to
deliver health services and public
health interventions.35 Because of
the rapid advances in genomic
science and technology, knowledge
brokering in this field will require
full stakeholder engagement in the
formulation and application of
novel evidentiary processes that
result in ongoing knowledge syn-
thesis and evidence-based recom-
mendations. These processes are
critical in appropriately deploying
promising genomic tests and ther-
apeutics that can improve health,
while minimizing premature or in-
appropriate use of technologies
that lead to unnecessary health

care expenditures or harm individ-
uals and populations.36

Only a population perspective
can fulfill the promise of genomic
medicine. The scientific landscape
for genomics is exciting, and the
promise for improving health is
great. Applying genomic tools in
clinical and public health practice
will require a multidisciplinary
research collaboration of basic
sciences with clinical and popula-
tion sciences (e.g., epidemiologists;
behavioral, social, and communi-
cation scientists; health services
researchers; and public health
practitioners).37,38 A comprehen-
sive research agenda will allow us
to maximize the value of genomic
discoveries in improving health
by deploying them effectively and
responsibly for the benefit of all. j
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