COMMENTARY

Downsizing genomic medicine: Approaching the ethical
complexity of whole-genome sequencing by
starting small

Richard R. Sharp, PhD

Abstract: As we look to a time when whole-genome sequencing is
integrated into patient care, it is possible to anticipate a number of
ethical challenges that will need to be addressed. The most intractable
of these concern informed consent and the responsible management of
very large amounts of genetic information. Given the range of possible
findings, it remains unclear to what extent it will be possible to obtain
meaningful patient consent to genomic testing. Equally unclear is how
clinicians will disseminate the enormous volume of genetic information
produced by whole-genome sequencing. Toward developing practical
strategies for managing these ethical challenges, we propose a research
agenda that approaches multiplexed forms of clinical genetic testing as
natural laboratories in which to develop best practices for managing the
ethical complexities of genomic medicine. Genet Med 2011:13(3):
191-194.
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It is unlikely that the promise of genomic medicine will be
realized in one-swift stroke wherein whole-genome sequenc-
ing (WGS) becomes widely available to physicians and quickly
supplants existing forms of molecular diagnosis and genetic risk
assessment. Instead, as with major medical innovations in the
past, several interim technologies will likely emerge at various
points along the path to genomic medicine. These interim tech-
nologies may not examine an individual’s entire genomic se-
quence but will span large enough segments to lay claim to
being “genomic” in scope.!

Clinical applications of array-based genotyping have
emerged as the first of these initial genomic technologies.??
With advances in oligonucleotide microarrays and chip-scan-
ning instrumentation, it is now technically possible and eco-
nomically feasible to use array-based genotyping methods to
examine thousands of single-nucleotide polymorphisms in large
numbers of patients.*> This possibility has resulted in the
launch of several commercial products that use array-based
genotyping to examine a wide range of genetic traits and disease
associations.® Although critics worry that personal genomic
testing may not be ready for widespread use,” these services
herald our first steps toward a medical future in which enormous
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amounts of genetic data are available to patients and their
physicians.$

As capacity for producing genetic data continues to expand,
it is tempting to focus on the “holy grail” of genomic medicine,
the ability to generate WGS data on individual patients quickly
and inexpensively.'%!! Celebrations of sequencing milestones
reinforce the importance of expanding capacity, often implying
that it is merely technological limitations and economic costs
that prevent us from realizing the promises of personalized
healthcare and genomic medicine. To realize that vision, it
seems we simply need more capacity, more genetic research,
and more clinicians trained in genetics—more, more, more...

In contrast, I wish to suggest a different vision of the path to
genomic medicine, a vision that focuses not on expanding
capacity or lowering the cost of producing WGS data but on the
ethical integration of genomic technologies into patient care. At
the center of this vision is the study of ethical issues associated
with our initial forays into clinical genomics, including multi-
plexed forms of genetic testing and clinical uses of array-based
genotyping. These less comprehensive forms of genomic anal-
ysis, which examine a far smaller number of genetic loci and
mutational sites, provide natural laboratories in which to con-
sider how best to manage large volumes of genetic data in
patient-care settings and counsel individuals about the wide
range of inherited risk factors that may be revealed through
genomic analysis.

Although the field of genomics has been driven largely by
technological innovation, we are rapidly approaching a time
when neither capacity nor genotyping costs are limiting factors
in the emergence of genomic medicine.'> To the extent that
highly multiplexed forms of genetic risk assessment present
many of the same ethical challenges that will need to be man-
aged successfully if WGS is to achieve its full potential as a tool
in patient care, these interim technologies provide a critical
opportunity to begin negotiating the ethical complexities of
genomic medicine. For the foreseeable future, I suggest that
focusing on the clinical integration of these less comprehensive
forms of genomic analysis will take us farther along the path to
personalized healthcare and genomic medicine than premature
efforts to integrate next-generation sequencing technologies
into patient care before having established the knowledge base
and clinical infrastructure required to support clinical genomic
testing.

INFORMED CONSENT CHALLENGES

To illustrate the value of studying multiplexed forms of
genetic testing as a context in which to develop strategies for
managing the ethical complexities of genomic medicine, con-
sider the challenge of obtaining patient consent to genomic
testing. Existing standards of care for clinical genetic testing of
adults include prospective patient counseling about the risks and
benefits of the associated genetic test.! This counseling stresses
the voluntary nature of genetic testing and encourages individ-
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uals to consider how they might respond to potential test re-
sults.!# Patients are encouraged to consider not only the medical
implications of genetic risk assessment but also the potential
social implications of test results, including emotional distress,
threats to future insurability, and issues associated with the
sharing of test results with others in their family. In addition,
pretest counseling often includes a discussion of the test’s
analytic and clinical validity, including the assay’s sensitivity,
specificity, and positive predictive value in the relevant con-
text.!3

With the noteworthy exception of newborn screening pro-
grams, genetic risk assessment generally is discouraged for
individuals who are not at increased risk based on family history
or clinical presentation. In contrast to this conventional ap-
proach to genetic risk assessment, WGS evaluates very large
numbers of genetic risk factors concurrently, including risks for
very rare conditions that may be of limited interest to the
proband. Given the number of mutational sites and disease
associations examined, it will not be possible to counsel patients
about the full range of findings that might result from WGS, as
would be expected for other forms of clinical genetic testing.
Nor will it be possible to counsel patients in advance about the
potential clinical implications of identifying any one of several
thousand findings that may be revealed by WGS.!¢ These in-
herent limitations in pretest counseling for genomic analysis
will require significant departures from professional standards
of care and highlight the extent to which expectations of patient
consent will need to be reexamined in the context of WGS.

In contrast to WGS, it may be possible to present multiplexed
forms of genetic testing to patients with a level of specificity
that more closely approximates current standards of pretest
counseling. For example, although array-based genotyping
methods can evaluate thousands of genetic features, some mul-
tiplexed arrays focus narrowly on only those genes or chromo-
somal features associated with a particular clinical presentation
(e.g., developmental delay) or disease type (e.g., autism-spec-
trum disorders).!7-19 Although it may not be possible to counsel
patients about technical features of each individual assay in-
cluded on such an array, the medical rationale for recommend-
ing testing and the potential clinical implications of various test
results can be reviewed in detail with patients before seeking
informed consent to genetic testing.??

Among multiplexed genotyping arrays, there can be multiple
approaches. Perhaps the most conservative approach is to eval-
uate only well-characterized mutations that are known to be
strongly associated with Mendelian diseases.2! Many of these
mutations are well established and have clear implications for
diagnosis and patient care. This possibility suggests numerous
applications of multiplexed genotyping in molecular diagnosis
and genetic risk assessment.>?> One example is testing to exam-
ine disease etiology in individuals with complex clinical pre-
sentations such as mental retardation, autism, or seizure disor-
ders. Other applications include predictive testing for adult-
onset disorders such as cancer predisposition syndromes,
prenatal testing for mutations responsible for severe genetic
disorders, and screening for autosomal recessive or X-linked
mutations in individuals who may have an undiagnosed repro-
ductive risk for genetic disorders.

Although multiplexed forms of genetic testing will require
significant departures from existing standards of pretest coun-
seling and informed consent,?? those departures will be less
extensive than in clinical applications of WGS, where the range
of potential results is exponentially greater. These consider-
ations suggest that developing best practices for pretest coun-
seling about multiplexed forms of genetic risk assessment can
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help clinicians prepare for WGS, which will raise many of the
same ethical challenges but to a far greater degree. Clinical
applications of multiplexed genetic testing present an opportu-
nity to assess the extent to which it is possible to obtain
meaningful patient consent to large-scale genomic analysis, a
possibility that has been called into question in the past.>*
Studying how patients understand the benefits and risks of
multiplexed testing, and interpret results from these new forms
of genetic risk assessment, can also help clinicians introduce
discussions of WGS in the future. In addition, studying patients’
experiences of genomic testing can increase the likelihood that
evolving standards of pretest counseling in clinical genetics are
consistent with widely held patient values and moral beliefs.25

If WGS is to be integrated successfully into patient care, it is
essential to establish that pretest counseling can place patients
in a position to make informed choices about genomic risk
assessment. Studies that evaluate pretest counseling for multi-
plexed forms of genetic testing are a critical first step in estab-
lishing that it is possible to obtain genuinely informed consent
to clinical genomic testing.

DISCLOSING RESULTS AND PREPARING FOR
LIFELONG FOLLOW-UP

Multiplexed forms of genetic testing also provide a context in
which to examine the ethical complexities of several data-
management challenges that will result from clinical applica-
tions of WGS. Unlike current models of genetic risk assess-
ment, the volume of data produced through WGS will greatly
exceed an individual clinician’s capacity to present all relevant
clinical findings that are discovered. This limitation conflicts
with existing professional expectations regarding the return of
diagnostic results from clinical genetic testing, where it is
expected that a genetic specialist will review the full range of
diagnostic findings directly with the patient tested. To avoid
overwhelming patients with very large amounts of genetic in-
formation, and potentially diminishing their comprehension of
major findings, clinical judgments will have to be made about
the specific results to prioritize in presenting diagnostic results
from WGS.

In addition to generating large amounts of information that
may be directly relevant to patient care, WGS will reveal other
types of genetic information that may be of potential interest to
the patient tested.?® Some of this information may not be rele-
vant to the patient at the time the test is performed but may gain
importance later, as the patient reaches a later stage in life or as
more is learned about the biological implications of genetic
features identified by WGS. Given our limited knowledge of
human genetic variation, it may be the case that data from WGS
is interpreted differently several years from now, as our knowl-
edge improves and more clinical studies incorporate WGS.
These changes in our capacity to interpret the clinical signifi-
cance of findings from WGS may be sufficient to motivate some
clinicians to contact their patients later to inform them of new
developments. It is uncommon for genetic specialists to recon-
tact patients after their initial diagnostic evaluation, however,
and it seems that many are reluctant to do so, unless there are
significant implications for the patient.?7-8

Some of these reservations likely reflect long-standing am-
biguities about the scope of a genetic professional’s “duty to
notify” patients about new results that may impact their health.
For example, if research findings demonstrate that a variant of
unknown significance is indeed deleterious, to what extent do
geneticists have a moral or legal obligation to review the tests

© 2011 Lippincott Williams & Wilkins



Genetics IN Medicine ® Volume 13, Number 3, March 2011

Downsizing genomic medicine

that they have ordered in the past and recontact those patients
whose results may be affected? In the context of single-gene
tests, this issue occurs infrequently and can be addressed on a
case-by-case basis.2? This practical challenge will be far more
complex in the context of WGS, however, where thousands of
variants of unknown significance will be revealed for each
patient tested.3® The predictability of this outcome suggests a
need to examine whether counseling services, clinical staff, and
financial resources are available for the longer term manage-
ment of WGS data. Compounding this problem is a lack of
reimbursement and informatics support for these types of pa-
tient-care activities that involve the reinterpretation of prior
genetic results.

A related problem is that reasonable people may disagree
about the overall utility and importance of many results from
WGS. An older individual’s carrier status for a deleterious
mutation would be one such example where the value of re-
turning diagnostic results may be unclear. Some clinicians may
feel it important to convey this information to the patient, so
other family members who may be at risk can avail themselves
of relevant medical services; other clinicians may disagree and
choose to focus more narrowly on diagnostic results of more
immediate relevance to patient management.>!-3> To the extent
that judgments of clinical utility are context dependent, partic-
ularly those involving genetic results,3? a range of opinions may
exist about the value of reporting diagnostic findings of less
immediate clinical significance. As larger volumes of personal
genetic information are produced, it will be important to exam-
ine the criteria that patients and clinicians use to assess the value
of results from genomic testing.3+

In combination with the limited familiarity that many physi-
cians have with clinical genetic testing,3>-3¢ these considerations
highlight some of the many data-management challenges that
will be associated with clinical applications of WGS. Similar to
WGS, multiplexed forms of genetic risk assessment present
many of these same challenges. Multiplexed tests can reveal
previously unknown genetic risk factors and findings that are
not immediately actionable. Some of these findings will require
additional evaluation, which may increase healthcare costs and
patient burden.37-38 These possibilities will occur less frequently
in multiplexed forms of genetic testing, however, as the number
of mutational sites examined will be far fewer in comparison
with WGS. This suggests that translational studies that seek to
evaluate different approaches for managing data produced by
multiplexed forms of genetic testing may provide a reasonable
starting point for engaging the more general ethical issues
associated with managing large amounts of genetic data in
patient-care settings.

BUNDLING GENETIC TESTS INSTEAD OF
BUNGLING GENOMIC TESTS

As WGS will require significant departures from existing
standards of care in clinical genetics, it is critical that this new
form of testing be introduced with care.3* The genomic testing
options that have the strongest ethical foundation today are
those that involve the least substantial departures from prevail-
ing practices. These include highly multiplexed forms of genetic
analysis that examine large segments of the human genome.
These multiplexed tests draw on decades of knowledge in
clinical genetics and avoid some of the most difficult ethical
issues that will face clinical applications of WGS. Studying the
impact of these early forays into clinical genomics and devel-
oping best practices for their use can help clinicians prepare for
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a time in which there is stronger evidence in support of the use
of WGS in patient care.*® Thus, although counterintuitive, we
suggest that the most direct path toward genomic medicine
involves being more strategic in developing smaller scale forms
of multiplexed genetic testing that offer real-world settings in
which to study ethical and practical challenges that will be
associated with the use of WGS in patient care.

As we look to a time when WGS is integrated into patient
care, it is possible to anticipate a number of ethical challen-
ges.*142 The most intractable of these concern informed consent
and the responsible management of very large amounts of
genetic information. Given the vast range of possible findings,
it remains unclear to what extent it will be possible to obtain
meaningful consent to genomic testing and manage the enor-
mous volume of risk information produced by genomic analy-
sis. Equally unclear are the clinical settings in which genomic
evaluation may be useful, as either a diagnostic aid or screening
tool. Until these fundamental issues are resolved, we suggest
that it would be irresponsible to pursue clinical applications of
WGS.

Over the next several decades, applications of WGS in re-
search will continue to yield important insights into human
health and disease.*3-30 Until the ethical issues above are ad-
dressed, however, physicians should be hesitant to use WGS for
genetic risk assessment. Responsibly integrating WGS into pa-
tient care will require us to examine both current limitations in
our knowledge and potential alternatives to genomic evaluation,
which include not only multiplexed forms of genetic testing but
also screening strategies that use family history and phenotypic
biomarkers in combination with targeted forms of genetic eval-
uation. Unfortunately, the low cost of WGS will likely encour-
age its early adoption. The difficulty is that although the costs of
sequencing have declined significantly, the costs of medical
interpretation have remained constant. As a result, early adopt-
ers of WGS should expect that the $1000 genome may create a
million dollar headache. That headache may be avoidable if
clinicians choose to move away from the traditional “single-
gene” paradigm for genetic risk assessment in smaller steps,
beginning first with translational studies of multiplexed genetic
testing.

Future research should focus on responsibly integrating
genomic tools into patient care. Of special importance are
studies that seek to promote informed patient decision making
and develop effective ways of presenting large amounts of
genetic information. These studies should seek to clarify key
factors in the uptake of genomic medicine, including whether it
is possible to automate some of the clinical interpretation of
WGS data; which methods of communication enhance patients’
understanding of multiple inherited risks; what legal duties and
professional obligations may result from producing WGS data;
and whether knowledge of genetic risk factors results in im-
proved health outcomes. Studies that compare outcomes of
WGS with alternative screening strategies are also critical in
assessing its clinical utility. Although far less glamorous than a
research agenda centered on developing new technologies and
reducing the costs of WGS, until we address these basic ques-
tions about the responsible integration of genomic data into
patient care, dreams of personalized healthcare will remain
elusive.

CONCLUSION

Although it is clear that WGS will be a part of patient care in
the future, it will be decades before there is sufficient evidence
of its clinical utility to support widespread use in patient-care
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settings. Until that evidence base exists, developing best prac-
tices for managing smaller scale forms of genomic analysis,
particularly strategies for addressing the many ethical complex-
ities associated with multiplexed genetic testing, can help cli-
nicians prepare to manage the volume of data that will be
produced by clinical applications of WGS. This is not to suggest
that WGS should be discouraged in the context of clinical
research, where sequence data will continue to provide insights
into human disease. For the foreseeable future, however, ethical
considerations favor more circumscribed forms of clinical
genomic testing that examine smaller numbers of well-charac-
terized loci and mutations known to be associated with disease.
Although we will soon have the capacity to use WGS in patient
care, we do not yet have the practical knowledge or experience
to do so responsibly.
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