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First FDA Authorization for Next-Generation Sequencer
Francis S. Collins, M.D., Ph.D., and Margaret A. Hamburg, M.D.

Administration (FDA) has grant-
ed marketing authorization for
the first high-throughput (next-
generation) genomic sequencer,
[lumina’s MiSeqDx, which will
allow the development and use of
innumerable new genome-based
tests. When a global team of re-
searchers sequenced that first hu-
man genome, it took more than
a decade and cost hundreds of
millions of dollars. Today, because
of federal and private investment,
sequencing technologies have ad-
vanced dramatically, and a human
genome can be sequenced in
about 24 hours for what is now
less than $5,000 (see graph). This
is a rare example of technology
development in which faster,
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cheaper, and better have coincid-
ed: as costs have plummeted and
capacity has increased, the accu-
racy of sequencing has substan-
tially improved. With the FDA’s
announcement, a platform that
took nearly a decade to develop
from an initial research project
funded by the National Institutes
of Health will be brought into
use for clinical care. Clinicians
can selectively look for an almost
unlimited number of genetic
changes that may be of medical
significance. Access to these data
opens the door for the transfor-
mation of research, clinical care,
and patient engagement.

To see how this technology
could be used, consider cancer.
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Comprehensive analysis of the
genome sequence of individual
cancers has helped uncover the
specific mutations that contribute
to the malignant phenotype, iden-
tify new targets for therapy, and
increase the opportunities for
choosing the optimal treatment
for each patient. For instance,
lung adenocarcinoma can now be
divided into subtypes with unique
genomic fingerprints associated
with different outcomes and dif-
ferent responses to particular
therapies. More broadly, recent
work from the Cancer Genome
Atlas demonstrates that the tis-
sue of origin of a particular can-
cer may be much less relevant to
prognosis and response to ther-
apy than the array of causative
mutations.? As a result, patients
diagnosed with a cancer for which
there are few therapeutic options
may increasingly benefit from
drug therapies originally aimed
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at other cancers that share com-
mon driver mutations. The new
technology allows us go from
our current approach of targeted
searches for specific mutations
in individual cancers to wide-
spread use of approaches that
survey the entire genome.

A major area of opportunity
that has yet to be fully exploited
is pharmacogenomics — the use
of genomic information to iden-
tify the right drug at the right
dose for each patient. More than
120 FDA-approved drugs have
pharmacogenomics information
in their labeling, providing im-
portant details about differences
in response to the drug and, in
some cases, recommending ge-
netic testing before prescribing.?

But the full potential of phar-
macogenomics is largely unreal-
ized, because of the logistic chal-
lenges in obtaining suitable
genomic information in a timely
enough fashion to guide prescrib-
ing. Placing genomic information
in the electronic medical record
would facilitate this kind of per-
sonalized medicine. If the pa-
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tient’s entire genome were part
of his or her medical record,
then the complexities of acquir-
ing a DNA sample, shipping it,
and performing laboratory work
would be replaced by a quick
electronic query.

Although this scenario holds
great promise, the utility of ge-
nomic information for drug pre-
scribing must be documented
with rigorous evidence. For ex-
ample, three recently published
clinical trials raise questions
about the clinical utility of using
pharmacogenetic information in
the initial dosing of vitamin K
anatagonists.?

The FDA based its decision to
grant marketing authorization for
the Illumina instrument platform
and reagents on their demon-
strated accuracy across numer-
ous genomic segments, spanning
19 human chromosomes. Preci-
sion and reproducibility across
instruments, users, days, and re-
agent lots were also demonstrated.

The marketing authorization of
a sequencing platform for clini-
cal use will probably expand the
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incorporation of genetic informa-
tion into health care. But even
the most promising technologies
cannot fully realize their poten-
tial if the relevant policy, legal,
and regulatory issues are not ad-
equately addressed. Already, key
policy advances have helped
smooth the way and address
many of the public’s concerns
about the potential misuse of ge-
netic information.* For example,
the Health Insurance Portability
and Accountability Act of 1996
(HIPAA) and the Genetic Informa-
tion Nondiscrimination Act (GINA)
prohibit health insurers from con-
sidering genetic information as a
preexisting condition, as material
to underwriting, or as the basis
for denying coverage. GINA also
protects against use of genetic
information by employers. These
protections do not, however, ex-
tend to the disease manifesta-
tions of genetic risks. Although
genomic information showing a
predisposition to cancer would
be protected under GINA, other
clinical signs or symptoms indic-
ative of cancer are not protected.
Provisions of the Affordable Care
Act set to go into effect in 2014 go
a step further and will preclude
consideration of all preexisting
conditions, whether genomic or
not, in establishing insurance
premiums. Current federal laws,
however, do not restrict the use
of genomic information in life
insurance, long-term care insur-
ance, or disability insurance.

The legal landscape for the
use of genomics in personalized
medicine grew brighter in June
of this year when the Supreme
Court ruled (in Association for Mo-
lecular Pathology v. Myriad Genetics)
that isolated naturally occurring
DNA cannot be patented. This
decision was a breakthrough for
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access to individual genetic tests
but also, even more important,
for the integration of genome se-
quencing into clinical care. Be-
fore the Muyriad decision, there
were substantial concerns that in
order to offer whole genome se-
quencing, clinical laboratories
would have to pay royalties to a
long list of gene patent holders.
The decision has opened the cre-
ative doors to an as yet unimagi-
nable set of products that may
benefit the public health.

FDA AUTHORIZATION FOR NEXT-GENERATION SEQUENCER

of a non-disease-specific plat-
form will allow any lab to test
any sequence for any purpose.
Thus, putting in place an appro-
priate risk-based regulatory frame-
work is now critical to ensure the
validation and quality of tests
(called laboratory-developed tests,
or LDTs) developed in-house by
clinical laboratories.

The marketing authorization
for the first next-generation ge-
nome sequencer represents a sig-
nificant step forward in the ability

There are many challenges ahead before

personalized medicine can be considered

truly embedded in health care.

These range from uncovering and validating

key variants to supporting clinicians

in interpreting genomic data to

resolving reimbursement issues.

The FDA has also been active
in addressing other regulatory is-
sues surrounding personalized
medicine.> Along with authoriz-
ing the Illumina technology for
marketing, the FDA recognized
the need for reference materials
and methods that would permit
performance assessment. As a
result, the FDA collaborated with
the National Institute for Stan-
dards and Technology (NIST) to
develop reference materials con-
sisting of whole human genome
DNA, together with the best pos-
sible sequence interpretation of
such genomes. The first human
genome reference materials are
expected to be available for pub-
lic use in the next 12 months.

This marketing authorization
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to generate genomic information
that will ultimately improve pa-
tient care. Yet it is only one step.
There are many challenges ahead
before personalized medicine can
be considered truly embedded in
health care. We need to continue
to uncover variants within the
genome that can be used to pre-
dict disease onset, affect progres-
sion, and modulate drug response.
New genomic findings need to be
validated before they can be inte-
grated into medical decision mak-
ing. Doctors and other health
care professionals will need sup-
port in interpreting genomic data
and their meaning for individual
patients. Patients will want to be
able to talk about their genetic
information with their doctor.
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With the right information and
support, patients will be able to
participate alongside their doc-
tors in making more informed
decisions. Reimbursement issues
need to be resolved to assure that
patients have access to the best
tests and that manufacturers have
incentives to develop them.

The arrival of next-generation
sequencing at this regulatory
landmark is only the beginning.
We need to work together to en-
sure that research progresses,
that regulatory policies are devel-
oped, that patients’ rights and
needs are addressed, and that
clinical use of genomic informa-
tion is based on rigorous evidence.

Disclosure forms provided by the authors

are available with the full text of this article
at NEJM.org.

From the Office of the Director, National
Institutes of Health, Bethesda, MD (F.S.C.);
and the Office of the Commissioner, Food
and Drug Administration, Department of
Health and Human Services, Silver Spring,
MD (M.A.H).

This article was published on November 19,
2013, at NEJM.org.

1. Kandoth C, McLellan MD, Vandin F, et al.
Mutational landscape and significance across
12 major cancer types. Nature 2013;502:
333-9.

2. Table of pharmacogenomic biomarkers
in drug labeling. Silver Spring, MD: Food
and Drug Administration, 2013 (http://
www.fda.gov/%20drugs/scienceresearch/
researchareas/pharmacogenetics/
ucm083378.htm).

3. Furie B. Do pharmacogenetics have a role
in the dosing of vitamin K antagonists? N Engl
J Med 2013;369:2345-6.

4. Hudson KL. Genomics, health care, and
society. N Engl ) Med 2011;365:1033-41.

5. Paving the way for personalized medicine:
FDA's role in a new era of medical product
development. Silver Spring, MD: Food and
Drug Administration, October 2013 (http://
www.fda.gov/downloads/ScienceResearch/
SpecialTopics/PersonalizedMedicine/
UCM372421.pdf).

DOI: 10.1056/NEJMp1314561
Copyright © 2013 Massachusetts Medical Society.

2371

Downloaded from nejm.org by NICOLETTA TORTOLONE on December 18, 2013. For personal use only. No other uses without permission.
Copyright © 2013 Massachusetts Medical Society. All rights reserved.





