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abstract

PURPOSE In the era of personalized medicine, physicians rely on their understanding of clinical utility to assess
the value of rapidly evolving genetic and genomic tests. Current definitions of the clinical utility of genetic testing
sufficiently capture a range of benefits and risks that derive from positive and negative results of tests that assess
one gene or a few genes. However, these definitions of clinical utility are inadequate to recognize the wider scope
of benefits that accrue frommore comprehensive genomic tests, which can develop data sets that inform clinical
decision making as well as population health and scientific advancement in novel ways.

METHODS An expert roundtable discussion with leaders from multiple sectors of the health care ecosystem was
convened to develop a contemporary, fuller definition of the clinical utility of genomic testing in cancer care.

RESULTS We present an updated definition and offer recommendations for successful implementation.

CONCLUSION Applying this expanded definition will encourage evidence-based use of genomic testing in cancer
care by helping physicians and other health care decision makers account for the broader range of benefits and
risks of testing for individual patients, health systems, population health, and scientific advancement.
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INTRODUCTION

The appropriate use of genomic tests (whole-genome,
exome, or multigene tumor profiling acquired through
a sequencing platform) in clinical oncology largely
depends on an evidence-based assessment of all the
benefits and risks that accrue from test results,
commonly known as clinical utility.1 In the currently
evolving context of personalized medicine, the ca-
pacity of genomic testing is expanding to deliver
greater benefits for patients and health systems. Many
stakeholders consider a broader set of elements
comprising the value of new medical technologies
encompassing additional streams of potential benefits
and risks.2 Health care decision makers need clarity
regarding the definition of the clinical utility of genomic
tests in this new era. This study seeks to advance an
improved definition of clinical utility for genomic testing
in cancer care as follows:

• The clinical utility of genomic testing in cancer care
is the net benefit to patients with cancer and health
systems that are derived from applying information
generated by multigene testing to screening, pre-
vention, and treatment strategies that can improve
health care outcomes, including through enrollment
in clinical trials, facilitate shared decision making,

and reduce health care disparities. The utility of
genomic profiling depends on its ability to provide
information that is used to guide patients more ef-
ficiently to safer and more effective prevention and
treatment strategies and its ability to improve the
practical knowledge base for health system decision
making.

Applying this definition of clinical utility of genomic
testing in cancer care will help health care decision
makers recognize how different aspects of clinical
utility apply in different contexts.

BACKGROUND

The use of advanced diagnostic tests to detect pre-
dictive and prognostic biomarkers that may help guide
screening, prevention, and treatment strategies is a
cornerstone of personalized medicine in cancer care.3

The discovery over the past 20 years of a steadily
increasing number of genetic biomarkers has added to
the complexity of cancer care. Genetic biomarkers are
used for early detection and prognosis, to inform
treatment options, and to guide the development of
targeted therapies that have improved outcomes for
responder patients.

Despite an expanding body of evidence supporting the
clinical value of genomic testing, it remains underutilized
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in clinical practice.4 The efficient use of genomic tests
faces several implementation and policy barriers.5 Studies
that have examined the clinical and economic value of
genomic sequencing show that many patients with cancer
never receive indicated genomic testing.6,7 Even for those
who do, only 60%-75% of patients with actionable mu-
tations receive targeted treatments indicated by their test
results.8 A more complete understanding of the clinical
utility of biomarker testing can help overcome these
challenges by fostering a more complete appreciation of
the value of ordering genomic testing and the importance
of acting on relevant biomarkers.

A widely cited definition of the clinical utility of genetic
testing was presented by Grosse and Khoury of the US
Centers for Disease Control and Prevention (CDC) in a
commentary published in 2006 in Genetics in Medicine.9

The authors wrote, “Clinical utility in its narrowest sense
refers to the ability of a screening or diagnostic test to
prevent or ameliorate adverse health outcomes such as
mortality, morbidity, or disability through the adoption of
efficacious treatments conditioned on test results. A
screening or diagnostic test alone does not have inherent
utility; because it is the adoption of therapeutic or pre-
ventative interventions that influence health outcomes. The
clinical utility of a test depends on effective access to
appropriate interventions.”

This definition pertains to all genetic testing and was de-
veloped in an era when multigene assessments were not
available or feasible in practice. As such, it does not de-
lineate the expanded scope of utility that is realized with
multigene testing or consider elements of utility specifically
associated with cancer care, which has evolved signifi-
cantly since 2006. Since that time, important summaries of
the clinical utility of genetic testing have been conducted by
the Evaluation of Genomic Applications in Practice and
Prevention initiative at the CDC10 and the National Acad-
emies of Sciences, Engineering, and Medicine,11 and
clinical utility of genomics has been the subject of many
public fora and expert commentaries.12-16 Still, a widely
accepted modernized definition of clinical utility focused on
genomic testing in cancer care has not yet emerged. The
Grosse Khoury definition needs to be modified to align with
the current and evolving applications of this testing to in-
dividual and population health and health system benefits
in oncology.

METHODS

With this goal in mind, the Personalized Medicine Coalition
convened a roundtable of leaders in personalized medicine
(Table 1) representing various stakeholders, including
providers, payers, patients, clinical guideline developers,
and laboratory directors, to identify the components of an
expanded definition of clinical utility of genomic testing in
cancer care and develop recommendations for how to
implement the expanded definition.

RESULTS

Although the collection of information through genomic
testing is associated with benefits and some risks, the
roundtable discussion revealed that a reframed definition of
clinical utility should account for the ability of multiplex
genomic tests to achieve a broader range of purposes than
had been recognized in the 2006 definition. These include
the following:

1. improved clinical outcomes;
2. health system and population benefits associated with

data compilation and analysis andmore efficient sample
processing;

3. patient access to additional prevention and treatment
strategies, including clinical trial eligibility assessment or
enrollment; and

4. opportunities for shared decision making.

Improved Clinical Outcomes

The use of test results to inform clinical decision making
that increases the likelihood of improved patient outcomes
is generally acknowledged as a primary purpose of genomic
testing. This purpose is consistent with standard practice in
evidence-based medicine, which highlights objective infor-
mation of health determinants to evaluate interventions.17 As
such, genomic testing is used to help guide prevention or
treatment plans that will improve health care outcomes and
reduce adverse events. Similarly, such testing can improve
treatment efficiency by ruling out interventions that are not
safe or effective for a given patient. Information about in-
dividuals’ probable responsiveness to treatment options,
including their respective safety and efficacy, can prevent or
ameliorate adverse health outcomes such as mortality,
morbidity, disability, pain, or reduced function. Such infor-
mation reduces clinical uncertainty, leading to optimal in-
terventions earlier in care. Furthermore, this can increase
patient confidence, improve adherence, and convey psy-
chological benefits.

The primary risks that genomic testing can have on health
outcomes include the possibility of attaining inaccurate or
invalid test results. These risks can be minimized through
strong biomarker validation and preanalytic processing
standards.

Health System and Population Benefits Associated With

Data Compilation and Analysis and Sample Processing

Appropriate genomic testing of patients and the compila-
tion of patient data from clinical practice and clinical trials
can yield high-quality evidence of health determinants that
can advance understanding of how to select treatments for
patients with specific characteristics and/or circumstances.18

In doing so, it can inform new and emerging prevention and
treatment approaches.19,20 Analysis of large data sets pooled
from multiple institutions can increase the power to discern
optimal treatment and prevention strategies for particular
patient subgroups.21
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Genomic testing can also convey utility for health systems
by enabling greater diagnostic processing efficiency, such
as biospecimen conservation associated with analysis of
multiple genetic markers in a single test when compared
with processing multiple single-gene tests. In addition,
genomic testing provides ameans to assess the presence of
additional biomarkers not originally contemplated but that
are sought in later stages of care when additional bio-
specimens are not available.

The primary risk to health systems in incorporating genomic
testing approaches involves additional costs associated
with testing and interpretation, especially in those patients
for whom it is unnecessary. However, analysis of practice-
based data sets to inform clinical practice guidelines and
standards can help manage such costs.

Patient Access to Additional Prevention and

Treatment Strategies

Acquiring information about genetic determinants that can
help predict response to prevention and treatment strate-
gies can lead to health care options that may not have been
considered otherwise. Germline genomic sequencing can
provide information about susceptibilities and risks that can
be applied to cancer screening and prevention strategies.
Tumor genomic sequencing can include information that
can help inform the use of approved interventions, provide
incidental findings that uncover rare or infrequent action-
able genetic alterations, inform potential new indications for
therapies, and/or guide clinical trial recruitment. Further-
more, to the extent that genomic testing is demonstrated to
improve clinical decision making by providing patient-

specific results for guiding optimal care, it should be-
come the standard of care in oncology, diminishing current
disparities in cancer care and outcomes.

Opportunities for Shared Decision Making

By placing actionable genomic information into the hands
of patients, genomic testing empowers them to take a more
active role in their own health care decision making. The
potential value to individuals includes better understanding
of their own susceptibility, risk, or prognosis related to
cancer. This information can be used to ensure that the
patient’s course of care is best suited for them. In addition,
this can improve awareness of implications for the patient’s
family and enable opportunities to inform family members
of potential risks and encourage screening and prevention
strategies accordingly. Health care policies that address
benefits and risks to patients will affect the clinical utility of
genomic testing in cancer care. Assuring data privacy and
security and addressing ethical issues associated with in-
dividual risk information preferences and the delivery of
information about variants with yet unknown significance
can increase patient comfort with genomic testing and
encourage shared decision making.

DISCUSSION

The clinical utility of genomic testing in cancer care can
vary depending on the patient, condition, availability of
effective interventions, and other factors. An expanded
definition will likely allow more flexibility in determining and
weighting the elements of clinical utility in an evaluation.
However, a multifactorial definition could also increase the
uncertainty of utility. It is, therefore, necessary to consider

TABLE 1. Personalized Medicine Coalition Defining the Clinical Utility of Genomic Testing in Cancer Care Roundtable Discussion, October 15, 2019
Participant Organization

Timothy Allen, MD University of Mississippi Medical Center, College of American Pathologists, Board of Directors

Suzanne Belinson, PhD Tempus, Inc

Lori Brisbin Texas Oncology

Thomas Brown, MD Syapse, Inc

Robert Carlson, MD National Comprehensive Cancer Network

Andrea Ferris LUNGevity Foundation

Yuri Fesko, MD Quest Diagnostics

James Ford, MD Professor of Oncology, Stanford University

Clifford Goodman, PhD (moderator) The Lewin Group

Damon Hostin CommonSpirit Health (formerly)

Howard McLeod, PharmD Moffitt Cancer Center (formerly)

Lincoln Nadauld, MD, PhD Intermountain Healthcare

Vincent Nelson, MD Blue Cross Blue Shield Association

Geoffrey Oxnard, MD Dana-Farber Cancer Institute

Girish Putcha, MD, PhD Freenome, Inc

Jordi Rodon, MD, PhD MD Anderson Cancer Center

Mark Stewart, PhD Friends of Cancer Research

Tabetha Sundin, PhD Sentara Healthcare
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genomic testing subject to an understanding of the par-
ticular aspects of clinical utility that are most relevant in
each context.

The outcomes to be considered in evaluating the utility of
genomic testing may be prioritized depending on the health
care decision maker and the purpose of the test. For ex-
ample, for a community hospital system, the impact of
testing on improving clinical outcomes and the health
system benefits are likely the most important factors.
Coverage decisions by health insurers may be based in
large part on the impact of testing on population-level
clinical outcomes, the test’s impact on treatment effi-
ciency (including to rule out interventions unlikely to be
beneficial), and guiding access to available prevention and
treatment options. For patients and caregivers, the utility of
genomic testing for improving outcomes and treatment
efficiency is critical, as are the impacts on shared decision
making related to functional status, career, and risks to
family. Among the practical matters of test implementation

is ensuring that test results are returned to clinicians in a
sufficiently timely manner to influence care decisions.

GENOMIC TESTING IMPLEMENTATION

Maximizing the clinical utility of genomic testing to all
stakeholders will require improved policies and processes
related to genomic testing use, including the following:

1. ensuring that physicians understand current develop-
ments in the rapidly evolving field of personalized
medicine;

2. ensuring that genomic testing practices and processes
are valid, consistent, and efficient;

3. deploying evidence-based clinical decision support via
guidelines, pathways, and other tools;

4. ensuring access to targeted treatments; and
5. guiding patients to appropriate clinical trials when

applicable.

The clinical utility of genomic testing is likely to grow over
time. Increased implementation of genomic testing can
contribute to clinical utility by building on comprehensive
and curated genomic databases and deriving evidence to
inform testing protocols, therapeutic options, and related
clinical decision support.22

In some instances, the utility of genomic testing can bridge
standard of care to clinical trials. This arises, for example,
when one or more biomarkers indicate a sequence of
therapies, starting with a first-line therapy and then a
second-line therapy using approved drugs, followed by
enrollment in clinical trials (eg, phase II, II-III, or III) if the
patient’s cancer progresses.23 In such instances, biomarkers
have clinical utility not only for current standards of care
but also for patients proceeding to subsequent-line thera-
pies in approved clinical trial protocols. For some patients
with few viable therapeutic options, investigational therapies
in clinical trials may be considered for first-line therapeutic
use when guided by comprehensive biomarker testing.

RECOMMENDATIONS

Consistent with the expanded definition of clinical utility
and the potential for further advancing the clinical utility of
genomic testing, we offer the recommendations in Table 2
to ensure its appropriate implementation.
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TABLE 2. Roundtable Recommendations for the Implementation of Genomic
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Whenever it is indicated for actionable clinical decisions, provide genomic testing
early in the care of patients to guide cancer prevention or early intervention, as
appropriate

Standardize preanalytic biospecimen collection and processing policies to help
minimize inadequate or compromised test samples

Provide comprehensive genomic testing reflexively for appropriate cancer cases
to speed the delivery of results

Provide consistent evidence-based coverage and value-based reimbursement of
genomic testing for appropriate cancer cases

Use continuously updated clinical decision support mechanisms to help
clinicians determine when to order genomic testing and how to interpret the
test results

Implement shared decision making to improve personalized interpretation and
application of genomic testing results and to improve patient access and equity
in cancer care, including to reduce health care disparities in testing and
indicated care

Continue to incorporate genomic testing into randomized clinical trials and other
rigorous study designs to inform patient enrollment and to discern any
genomic factors affecting responsiveness and adverse events in patient
subgroups
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