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A New Initiative on Precision Medicine
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President Obama has long ex-
pressed a strong conviction that
science offers great potential for
improving health. Now, the Presi-
dent has announced a research ini-
tiative that aims to accelerate prog-
ress toward a new era of precision
medicine (www.whitehouse.gov/
precisionmedicine). We believe
that the time is right for this vi-
sionary initiative, and the National
Institutes of Health (NIH) and
other partners will work to achieve
this vision.

The concept of precision medi-
cine — prevention and treatment
strategies that take individual
variability into account — is not
new?'; blood typing, for instance,
has been used to guide blood

transfusions for more than a cen-
tury. But the prospect of applying
this concept broadly has been
dramatically improved by the re-
cent development of large-scale
biologic databases (such as the hu-
man genome sequence), power-
ful methods for characterizing
patients (such as proteomics,
metabolomics, genomics, diverse
cellular assays, and even mobile
health technology), and compu-
tational tools for analyzing large
sets of data. What is needed now
is a broad research program to
encourage creative approaches
to precision medicine, test them
rigorously, and ultimately use
them to build the evidence base
needed to guide clinical practice.
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The proposed initiative has two
main components: a near-term
focus on cancers and a longer-
term aim to generate knowledge
applicable to the whole range of
health and disease. Both compo-
nents are now within our reach
because of advances in basic re-
search, including molecular biol-
ogy, genomics, and bioinformat-
ics. Furthermore, the initiative
taps into converging trends of
increased connectivity, through
social media and mobile devices,
and Americans’ growing desire
to be active partners in medical
research.

Oncology is the clear choice
for enhancing the near-term im-
pact of precision medicine. Can-
cers are common diseases; in the
aggregate, they are among the
leading causes of death national-
ly and worldwide, and their inci-
dence is increasing as the popula-
tion ages. They are also especially
feared, because of their lethality,
their symptoms, and the often
toxic or disfiguring therapies
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used to treat them. Research has
already revealed many of the mo-
lecular lesions that drive cancers,
showing that each cancer has its
own genomic signature, with
some tumor-specific features and
some features common to multi-
ple types. Although cancers are
largely a consequence of accumu-
lating genomic damage during
life, inherited genetic variations
contribute to cancer risk, some-
times profoundly. This new un-
derstanding of oncogenic mecha-
nisms has begun to influence
risk assessment, diagnostic cate-
gories, and therapeutic strategies,
with increasing use of drugs and
antibodies designed to counter
the influence of specific molecu-
lar drivers. Many targeted thera-
pies have been (and are being)
developed, and several have been
shown to confer benefits, some
of them spectacular.? In addition,
novel immunologic approaches
have recently produced some pro-
found responses, with signs that
molecular signatures may be
strong predictors of benefit.?
These features make efforts to
improve the ways we anticipate,
prevent, diagnose, and treat can-
cers both urgent and promising.
Realizing that promise, however,
will require the many different
efforts reflected in the President’s
initiative. To achieve a deeper un-
derstanding of cancers and dis-
cover additional tools for molecu-
lar diagnosis, we will need to
analyze many more cancer ge-
nomes. To hasten the adoption of
new therapies, we will need more
clinical trials with novel designs*
conducted in adult and pediatric
patients and more reliable mod-
els for preclinical testing. We will
also need to build a “cancer
knowledge network” to store the
resulting molecular and medical
data in digital form and to deliv-
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er them, in comprehensible ways,
to scientists, health care workers,
and patients.

The cancer-focused compo-
nent of this initiative will be de-
signed to address some of the
obstacles that have already been
encountered in “precision oncol-
ogy”: unexplained drug resis-
tance, genomic heterogeneity of
tumors, insufficient means for
monitoring responses and tumor
recurrence, and limited knowl-
edge about the use of drug com-
binations.

Precision medicine’s more in-
dividualized, molecular approach
to cancer will enrich and modify,
but not replace, the successful
staples of oncology — preven-
tion, diagnostics, some screening
methods, and effective treatments
— while providing a strong
framework for accelerating the
adoption of precision medicine
in other spheres. The most obvi-
ous of those spheres are inherited
genetic disorders and infectious
diseases, but there is promise for
many other diseases and environ-
mental responses.

The initiative’s second compo-
nent entails pursuing research
advances that will enable better
assessment of disease risk, un-
derstanding of disease mecha-
nisms, and prediction of optimal
therapy for many more diseases,
with the goal of expanding the
benefits of precision medicine
into myriad aspects of health
and health care.

The initiative will encourage
and support the next generation
of scientists to develop creative
new approaches for detecting,
measuring, and analyzing a wide
range of biomedical information
— including molecular, genom-
ic, cellular, clinical, behavioral,
physiological, and environmental
parameters. Many possibilities
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for future applications spring to
mind: today’s blood counts might
be replaced by a census of hun-
dreds of distinct types of immune
cells; data from mobile devices
might provide real-time monitor-
ing of glucose, blood pressure,
and cardiac rhythm; genotyping
might reveal particular genetic
variants that confer protection
against specific diseases; fecal
sampling might identify patterns
of gut microbes that contribute
to obesity; or blood tests might
detect circulating tumor cells or
tumor DNA that permit early de-
tection of cancer or its recurrence.
Such innovations will first
need to be tested in pilot studies.
We will initially want to take ad-
vantage of the rare settings
where it is already possible to
collect rich information through
clinical trials, electronic medical
records, and other means.
Ultimately, we will need to
evaluate the most promising ap-
proaches in much larger num-
bers of people over longer periods.
Toward this end, we envisage as-
sembling over time a longitudi-
nal “cohort” of 1 million or more
Americans who have volunteered
to participate in research. Partic-
ipants will be asked to give con-
sent for extensive characteriza-
tion of biologic specimens (cell
populations, proteins, metabo-
lites, RNA, and DNA — includ-
ing whole-genome sequencing,
when costs permit) and behavior-
al data, all linked to their elec-
tronic health records. Qualified
researchers from many organiza-
tions will, with appropriate pro-
tection of patient confidentiality,
have access to the cohort’s data,
so that the world’s brightest sci-
entific and clinical minds can
contribute insights and analysis.
These data will also enable ob-
servational studies of drugs and
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devices and potentially prompt
more rigorous interventional stud-
ies that address specific questions.

Such a varied array of research
activities will propel our under-
standing of diseases — their ori-
gins and mechanisms, and op-
portunities for prevention and
treatment — laying a firm, broad
foundation for precision medi-
cine. It will also pioneer new
models for doing science that
emphasize engaged participants
and open, responsible data shar-
ing. Moreover, the participants
themselves will be able to access
their health information and in-
formation about research that
uses their data.

The research cohort will be
assembled in part from some ex-
isting cohort studies (many fund-
ed by the NIH) that have already
collected or are well positioned
to collect data from participants
willing to be involved in the new
initiative. Creating this resource
will require extensive planning
to achieve the appropriate bal-
ance of participants, develop new
approaches to participation and
consent, and forge strong part-
nerships among existing cohorts,
patient groups, and the private
sector. It will also be crucial to
carefully examine the successes
and shortfalls of other longitudi-
nal cohort studies.

Achieving the goals of preci-
sion medicine will also require
advancing the nation’s regulatory
frameworks. To unleash the
power of people to participate in
research in innovative ways, the
NIH is working with the Depart-
ment of Health and Human Ser-
vices to bring the Common Rule,
a decades-old rule originally de-
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signed to protect research partici-
pants,®> more in line with partici-
pants’ desire to be active partners
in modern science. To help speed
the translation of such discover-
ies, the Food and Drug Adminis-
tration is working with the scien-
tific community to make sure its
oversight of genomic technology
supports innovation, while ensur-
ing that the public can be confi-
dent that the technology is safe
and effective.

Although the precision medi-
cine initiative will probably yield
its greatest benefits years down
the road, there should be some
notable near-term successes. In
addition to the results of the
cancer studies described above,
studies of a large research cohort
exposed to many kinds of thera-
pies may provide early insights
into pharmacogenomics — en-
abling the provision of the right
drug at the right dose to the
right patient. Opportunities to
identify persons with rare loss-
of-function mutations that pro-
tect against common diseases may
point to attractive drug targets for
broad patient populations. And
observations of beneficial use of
mobile health technologies may
improve strategies for preventing
and managing chronic diseases.

Ambitious projects like this
one cannot be planned entirely in
advance; they should evolve in re-
sponse to scientific and medical
findings. Much of the necessary
methodology remains to be in-
vented and will require the cre-
ative and energetic involvement of
biologists, physicians, technology
developers, data scientists, patient
groups, and others. The efforts
should ideally extend beyond our
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borders, through collaborations
with related projects around the
world. Worldwide interest in the
initiative’s goals should motivate
and attract visionary scientists
from many disciplines.

This initiative will also require
new resources; these should not
compete with support of existing
programs, especially in a difficult
fiscal climate. With sufficient re-
sources and a strong, sustained
commitment of time, energy, and
ingenuity from the scientific,
medical, and patient communi-
ties, the full potential of preci-
sion medicine can ultimately be
realized to give everyone the best
chance at good health.
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