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s. H. is a 35-year-old woman from Japan who
has had a cough for 3 weeks. Her physician
sends her for an x-ray and CT scan that reveal an
advanced lesion, which a biopsy confirms to be

non–small-cell lung cancer. She
has never smoked. Can anything
be done for her?
Had Ms. H.’s cancer been diagnosed before 2004, her oncologist
might have offered her a treatment to which about 10% of patients have a response, with the
remainder gaining a negligible
survival benefit and experiencing
clinically significant side effects.
But her diagnosis was made in
2011, when her biopsy tissue
could be analyzed for a panel of
genetic variants that can reliably
predict whether the disease will
respond to treatment. Her tumor
was shown to be responsive to a
specific targeted agent, whose
administration led to a remission
lasting almost a year; her only
side effect was a rash.

This scenario illustrates the
fundamental idea behind personalized medicine: coupling established clinical–pathological indexes with state-of-the-art molecular
profiling to create diagnostic,
prognostic, and therapeutic strategies precisely tailored to each
patient’s requirements — hence
the term “precision medicine.”
Recent biotechnological advances
have led to an explosion of disease-relevant molecular information, with the potential for greatly
advancing patient care. However,
progress brings new challenges,
and the success of precision medicine will depend on establishing
frameworks for regulating, compiling, and interpreting the influx of information that can keep
pace with rapid scientific devel-
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opments. In addition, we must
make health care stakeholders
aware that precision medicine is
no longer just a blip on the horizon — and ensure that it lives up
to its promise.
First, consider regulation: precision medicine is expected to
herald a rapid acceleration in the
identification and development of
next-generation pharmacotherapies. Currently, medical research
organizations are calling for regulatory bodies to review the regulation of clinical trials, citing
excessively lengthy approval processes as an impediment to the
effective translation of basic science discoveries. According to
Cancer Research U.K., there was
a 65% increase in the time taken
to gain approval for studies and
a 75% increase in administrative
costs between 2003 and 2007.1
Moreover, there’s no evidence to
suggest that additional bureaucratic stringency has led to improved patient safety. It will be
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Health Care Stakeholders and Their Roles in Ensuring the Success of Precision Medicine.
Stakeholder

Recommended Actions

Government

Generation of transparent privacy laws
Identification of socioeconomic priority areas likely to benefit most from precision-medicine strategies
Public consultation regarding “opt in–opt out” strategies for research participation

Research industry

Development of effective clinical decision support tools for integration into electronic health records
Setting up and conducting appropriate pilot studies for data collection in targeted precision-medicine areas

Biomedical community

Changes to undergraduate training to develop improved understanding of molecular mechanisms
involved in disease
Development and contribution to an evolving new system of disease classification incorporating
emerging molecular information
Introduction of a more transparent, participatory role for patients considered for recruitment to clinical
trials

Pharmaceutical industry Development of effective diagnostic tests with or without tandem therapeutic agents for management
of conditions identified as major socioeconomic burdens
Patient groups

Increasing participation in health and well-being initiatives
Use of novel means of providing data for research purposes, including social networks and mobile
phone applications

Regulatory bodies

Ensuring that regulatory frameworks are in place to safeguard patient safety, while ensuring that
scientific progress is not hampered

critical to the success of precision
medicine to implement more
streamlined approval processes,
possibly including more proportionate approaches to regulatory
requirements for clinical trials,
with consideration of previous
experience with a given agent or
study population. In addition, precision medicine will mean a departure from traditional clinical trial
frameworks, with phase 3 trials
focusing on a more select patient
group; this narrowed focus should
facilitate procedural streamlining
and enhance clinical and economic effectiveness.
The U.K. government recently
announced new measures aimed
at reducing the time from drug
development to clinical application, a move that’s likely to stimulate similar proposals elsewhere.
Ultimately, we must get the balance right: regulatory frameworks
must be robust enough to safeguard patients’ interests and wellbeing, while not stifling progress
in critical early phases of the
precision-medicine endeavor.
The shift toward a deeper un2

derstanding of disease based on
molecular biology will also inevitably necessitate reclassification
of disease states incorporating
this knowledge. To that end, the
World Health Organization’s century-old International Classification of Diseases must be modernized to take into account the
expanding molecular data on
health and disease. A U.S. National Academies working group
recently evaluated the potential
for developing a “New Taxonomy
of Disease” as part of the precision-medicine movement and
made recommendations expected to play out over decades.2 The
committee highlighted the need
for a revised classification based
on intrinsic biology as well as
traditional signs and symptoms.
It also emphasized the importance
of creating an openly available
data source that can dynamically
incorporate emerging knowledge.
Precision medicine will require
handling of multi-parametric data
and some proficiency in interpreting “-omics” data, placing new
demands on medical profession-
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als, who may be ill equipped to
deal with the anticipated complexity and volume of new information. Addressing these challenges
will require effective clinical decision support tools and new educational models.
Currently, genetic testing is
available for approximately 2000
clinical conditions, and the number of available diagnostic tests
is increasing exponentially. The
United States and other countries
are investing in multibillion-dollar
projects to implement effective
electronic health records (EHRs).
These systems will store comprehensive, individual-specific data
that will be essential as we move
toward precision medicine. However, in a U.S.-based survey, physicians reported that EHRs had poor
systems for online test ordering
and provided only limited decision
support in terms of indications
for genetic testing, interpretation
of test results, and potential impact of results on patients and
their families.3 Decision support
tools have the potential to address these limitations and en-
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able precision-medicine approaches to health care by providing
clinicians and patients with individualized information and
preferences, intelligently filtered
at the point of care. They will
provide clinicians with options for
test ordering; indicate the sensitivity, specificity, and positive predictive value of tests; and aid
clinical workflow by providing
algorithms to facilitate decisions
on the basis of test results.
New training paradigms will
also be necessary for tomorrow’s
doctors, who will benefit from a
deeper, more holistic view of illness integrating traditional pathophysiology-based models with
emerging molecular mechanisms.
This shift would benefit from
international-level attention.
Like physicians, consumers are
faced with uncertainty; patient–
clinician dynamics are changing,
and the successful implementation of precision medicine will
hinge on patients’ adaptation to
key changes. Detailed, open-access
molecular information raises ethical questions regarding data handling and privacy, and strict regulation will be required. The U.K.
government recently announced
proposals to consult the public
on how patient data could be
used more openly in biomedical
research, including the use of a
new secure Clinical Practice Research Datalink. These measures
will help the cause of precision
medicine, though successful public engagement will require a cultural shift, with patients viewed
not as study subjects but as central participants in the precisionmedicine community, able to
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shape, develop, and disseminate
research, given the right opportunities and access.
In addition, the public will
need proof that precision medicine can live up to the hype. There
have been both notable successes
and well-publicized failures. For
example, the detection of certain
polymorphisms among CYP450
genes has been suggested as a
means of determining the type
and dose of selective serotoninreuptake inhibitors for treating
depression. The U.S. Centers for
Disease Control and Prevention
believes there’s no evidence linking CYP450 testing to clinical outcomes, but that hasn’t stopped
businesses from offering CYP450
testing services.4 Openly expressed
scorn regarding such direct-toconsumer diagnostic tests with
limited or no clinical utility does
little to get the public interested
in precision medicine, and such
rogue activity is harmful to the
cause. We must be pragmatic:
precision and clever science will
not always lead to clinical effectiveness, but we must implement
safeguards against the marketing and distribution of bogus
products.
Ultimately, precision medicine
should ensure that patients get
the right treatment at the right
dose at the right time, with minimum ill consequences and maximum efficacy. But it will change
how medicine is practiced and
taught and how health care is
delivered and financed. It will
change the way research and development are financed and regulated. It will deeply affect public
trust and the nature of the pa-
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tient–clinician relationship, and
it will require unprecedented collaboration among health care
stakeholders.
Undoubtedly, significant challenges lie ahead, though none are
insurmountable. Yet expectations
must be realistic: precision medicine will happen neither automatically nor overnight. The transition
should be steered by international
consortia including leaders from
academia, health care, government, and industry that draw up
proposals for public consultation. The World Economic Forum
Health Council is currently establishing structured dialogue
on the key issues outlined here
and suggests that multi-stakeholder adaptation, as outlined in
the table, will be critical to the
precision-medicine enterprise.
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