
 

Whole-genome sequencing for clinical use
faces many challenges, study finds

March 11 2014

Whole-genome sequencing has been touted as a game-changer in
personalized medicine. Clinicians can identify increases in disease risk
for specific patients, as well as their responsiveness to certain drugs, by
determining the sequence of the billions of building blocks, called
nucleotides, that make up their DNA.

Now, researchers at the Stanford University School of Medicine have
discovered that although life-changing discoveries can be made,
significant challenges must be overcome before whole-genome
sequencing can be routinely clinically useful. In particular, they found
that individual risk determination would benefit from a degree of
improved sequencing accuracy in disease-associated genes. Furthermore,
up to 100 hours of manual assessment by professional genetic counselors
or informatics specialists is required for detailed genome analysis.

Although the technique was once prohibitively expensive, plummeting
costs have been widely expected to rapidly usher whole-genome
sequencing into the arena of mainstream health care. However, the
researchers' findings indicate that clinical advances from whole-genome
sequencing are, at least in the near future, likely to be significantly more
expensive and labor-intensive than some patients and clinicians may
have been led to believe.

"We need to be very honest about what we can and cannot do at this
point in time," said Euan Ashley, MD, associate professor of medicine
and of genetics, one of three senior authors of the paper. "It's clear that
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if we sequence enough cases, we can change someone's life. But with
this opportunity comes the responsibility to do this right. Our hope is
that the identification of specific hurdles will allow researchers in this
field to focus their efforts on overcoming them to make this technique
clinically useful."

The paper will be published March 12 in the Journal of the American
Medical Association. Michael Snyder, PhD, professor and chair of
genetics, and Thomas Quertermous, MD, professor of medicine, also
share senior authorship of the paper. Postdoctoral scholar and cardiology
fellow Frederick Dewey, MD, genetic counselor Megan Grove, CGC,
and postdoctoral scholar Cuiping Pan, PhD, share lead authorship of the
paper.

The researchers analyzed the whole genomes of 12 healthy people and
took note of the degree of sequencing accuracy necessary to make
clinical decisions in individuals, the time it took to manually analyze
each person's results and the projected costs of recommended follow-up
medical tests.

"This has been an important project for the Stanford team for a number
of reasons, not the least of which is that it represents the initial genetics
effort to make use of the Stanford GenePool Biobank," said
Quertermous, the William G. Irwin Professor in Cardiovascular
Medicine. GenePool was recently launched to promote genomic research
in a clinical setting and to improve patient care; the 12 people in the
study were the first participants in the effort.

"GenePool gives Stanford patients the opportunity to participate in
ground-breaking research and is a great opportunity for collaboration
among Stanford translational researchers," Quertermous said.

The researchers estimated a cost of about $17,000 per person to
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sequence the genome and interpret and analyze the average of nearly 100
genetic variations deemed important enough for follow-up in each
person. Each variation required approximately one hour of investigation
to assess the relevant scientific literature and determine whether the
change was indeed likely to modify disease risk in the individual. After
this process, the researchers were left with approximately two to six
results they felt could be clinically important; doctors who reviewed the
results as part of the study suggested follow-up tests that carried costs of
less than $1,000 per person.

In one of the 12 cases, however, the payoff of this intensive process was
big: A woman with no family history of breast or ovarian cancer learned
she carried a potentially deadly deletion in her BRCA1 gene. After
confirmation of the finding in a clinical cancer genetics setting, she was
able to take action to reduce her future risk for breast and ovarian
cancer.

"Although there are clearly challenges in bringing whole-genome
sequencing into the clinic, this finding was clearly medically significant,"
Dewey said. "It's not possible to predict from a study of 12 people how
often this type of clinically actionable discovery will occur, but it
definitely supports the use of this technology."

One significant challenge is the need to decisively determine the
sequence of genes already known to be associated with disease. Dewey
and his colleagues found that commercially available whole-genome
sequencing does not achieve the accuracy necessary to identify every
nucleotide in about 7 to 16 percent of genes known to be associated with
increased disease risk. While a degree of uncertainty is allowable during
studies of populations, which look for trends by comparing hundreds of
genomes, it makes it impossible to make accurate predictions about one
individual's health status.
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"These off-the-shelf genome sequencing techniques were developed to
provide generally good coverage of most of the genome," Dewey said.
"But there are some regions that remain to be covered well that we care
very deeply about. We still need to supplement this information with
additional sequencing in some regions to make clinically usable
decisions."

The study may affect a recent recommendation by the American College
of Medical Genetics and Genomics that so-called "incidental findings," a
term used to describe the discovery of potentially disease-associated
variations identified during sequencing conducted for an unrelated
medical reason, be routinely reported to an individual. Uncertainties or
inaccuracies in the sequences of the 56 genes identified by the college
could either give the appearance that a dangerous variation is normal, or
cause unnecessary alarm and follow-up tests if a gene is mistakenly
deemed to have a dangerous mutation.

In particular, the two sequencing technologies used in the study—one
from San Diego-based Illumina Inc. and one from Mountain View-based
Complete Genomics Inc.—had difficulty in reliably identifying regions
of the genome with small insertions or deletions of nucleotides. These
types of changes are particularly important because they can cause the
abrupt termination of a protein coding sequence within the DNA.

"It's ironic, and slightly sobering, that we struggle the most in identifying
insertions and deletions—those changes in the genome that are most
impactful," Ashley said.

Once the sequences have been determined, it's necessary to figure out
which changes, or variants, are likely to be important. Dewey and his
colleagues found that the amount of manual labor involved in sifting
through the many variants in each individual approached 100 hours.
That's because, with the exception of a few well-known mutations, there
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is no standard way to assess the potential health impact of each change.
In the study, three genetic counselors, three clinicians specializing in
informatics and one medical pathologist examined each variant and
assessed the relevant medical literature (including publications on animal
and human studies, as well as genetic databases) to determine potential 
disease risk.

These challenges are particularly striking in the absence of a specific
diagnostic question. "It remains significantly harder to use whole-
genome sequencing for disease prediction than for disease diagnosis,"
said Dewey.

Variants expected to have potential health consequences were then
shared with three primary care physicians and two medical geneticists,
who independently studied the results and recommended possible follow-
up tests for each person. In general, the projected costs for the tests were
less than the researchers predicted—ranging from $351 to $776.

"Some experts in this field feel that this type of testing causes more
harm than good, and may lead to very expensive follow-up tests," said
Snyder, who is the Stanford W. Ascherman, MD, FACS, Professor in
Genetics. "So it was interesting that costs were projected to be relatively
modest."

Although some of the findings of the study are somewhat sobering, the
authors are confident that the field of whole-genome sequencing is
worth pursuing. Sequencing technology is evolving, and the National
Institutes of Health-sponsored Clinical Genome Resource, or ClinGen, is
meant to help speed the identification of clinically important variants
and reduce the burden of manual investigation. Stanford professor of
genetics Carlos Bustamante, PhD, is a co-principal investigator on a
ClinGen project to improve predictions of disease-associated variants in
a variety of populations.
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"Our intention in doing this analysis was to draw a line describing where
we are with this technology at this point in time and identify how best to
move forward," Ashley said. "Things are becoming more clear, and the
challenges to bringing this technique to the clinic are becoming
crystallized. Whole-genome sequencing has the power to be absolutely
transformative in the clinic."

  More information: Paper doi:10.1001/jama.2014.1718
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