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Abstract: Genetic tests are increasingly available for use in traditional
clinical practice settings and through direct-to-consumer marketing. The
need for evidence-based information and guidance on their appropriate use
has never been more apparent. The independent Working Group of the
Evaluation of Genomic Applications in Practice and Prevention Initiative
commissions evidence-based reviews and develops recommendations to
inform decision making surrounding the implementation of genetic tests
and other applications of genomic technologies into clinical practice. A
critical component of this analysis involves the identification and appro-
priate weighting of relevant health outcomes from genetic testing. Impacts
of testing on morbidity and mortality are central considerations although
research to document such outcomes can be challenging to conduct. In
considering the broader impacts of genetic tests on the individual, familial
and societal levels, psychosocial outcomes often take on increasing impor-
tance, and their systematic evaluation is a challenge for traditional methods
of evidence-based review. Incorporating these types of outcomes in evi-
dence-based processes is possible, however, and necessary to extract bal-
anced and complete (or as complete as available data will allow) informa-
tion on potential benefits and on potential harms. The framework used by
the Evaluation of Genomic Applications in Practice and Prevention Work-
ing Group in considering, categorizing, and weighting health-related out-
comes as applied to genomic technologies is presented here. Genet Med
2010:12(4):228–235.
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Research in genetics has been a national priority in recent
decades, resulting in an increasingly detailed understanding

of genome structure and function. This knowledge is expected

eventually to yield a wide array of effective interventions to
treat or prevent genetic conditions.1 However, in the shorter
term, it has led to an explosion in the number of new genetic
tests, which are being applied in a variety of contexts, including
clinical diagnosis and prognosis, population screening, health
risk assessments, prenatal diagnosis and screening, tissue anal-
ysis for acquired mutations, pharmacogenomic testing, toxicog-
enomic testing, forensic testing, and heritage testing. Availabil-
ity of this new testing has generated excitement over prospects
for applications that might achieve more personalized ap-
proaches to health care,2 but this excitement is tempered by
debate on whether present technologies, and our knowledge of
their utility, are sufficient to realize this goal. A hallmark of all
tests is that they produce information only and we seek to adopt
tests for which the beneficial impacts of the information out-
weigh the harmful ones. More specifically, a test is judged to be
valuable when its information leads to actions or behaviors that
reduce morbidity or mortality from the condition identified or
when the information has some other intrinsic value. For ex-
ample, a test may have value in the context of ending a diag-
nostic odyssey, informing life planning, or avoiding unneces-
sary interventions, even when no changes in treatment or
preventive strategies are warranted based on test results.

As of 2009, the GeneTests website lists �1700 diseases or
conditions for which genetic testing is available.3 Although
most of these tests pertain to the diagnosis of rare genetic
disorders, an increasing number of tests have applications that
could affect a broad population (e.g., carrier identification,
testing to predict the risk of common diseases, and pharmacog-
enomic testing).4 Many of these genetic tests are being actively
used by physicians in clinical practice, and some are increas-
ingly being marketed and offered directly to consumers.5 How-
ever, what do we really know about the validity and utility of
these genetic tests? What are our expectations of a genetic test
and how should we determine whether those expectations are
being met? Unlike the case with new drugs, biological and
medical devices, the US Food and Drug Administration (FDA)
does not actively regulate most genetic tests.6,7 A small subset
of genetic tests, including those marketed as kits, and compo-
nents of tests called “analyte specific reagents,” fall within
FDA’s regulatory domain.

When it does evaluate genetic tests, the FDA’s primary focus
is on analytic validity and, to some extent, clinical validity.
Demonstration of clinical utility is not required for clearance or
approval. Certification of laboratory quality occurs through
Clinical Laboratory Improvement Amendments certification,
state regulation, and proficiency testing of laboratories. More
detailed information on these oversight groups can be found
elsewhere.8 The net consequence of the current regulatory en-
vironment is that applications of genomic technology often
move quickly from the “bench” to the “bedside.” The relative
lack of regulatory oversight often leaves clinicians without
independent assurances that genetic tests will perform as antic-
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ipated (are analytically valid) and have established clinical
validity and clinical utility. Gaps in the regulatory environment
surrounding genetic tests correspond to areas where important
gaps in knowledge regarding these tests exist, and independent
incentives are needed to promote research in these areas.8 These
knowledge gaps also leave third-party payers without an evi-
dence-base on which to make informed coverage decisions.

To address gaps in knowledge and guidance, the Office of
Public Health Genomics at the Centers for Disease Control and
Prevention launched a nonregulatory initiative in 2004 called
Evaluation of Genomic Applications in Practice and Prevention
(EGAPP).9,10 The purpose of EGAPP is to conduct evidence-
based evaluations of genetic tests and other applications of
genomic technology that are available or emerging into clinical
and public health practice. The primary focus of this initiative is
the independent EGAPP Working Group (EWG) established in
April 2005. The EWG is currently composed of 16 multidisci-
plinary experts in areas that include evidence-based review,
genomics, clinical and laboratory practice, public health, eco-
nomics, ethics, policy, and assessment of health technologies.11

The EWG, with the support of Centers for Disease Control and
Prevention-based staff from the Office of Public Health Genom-
ics, commissions evidence-based reviews on genetic and
genomic tests and develops recommendations with clear linkage
to the available scientific evidence.

An important goal of EGAPP has been to draw on the
successes and lessons learned through similar processes and
avoid duplication of efforts. Because existing processes were
already in place to address rare genetic conditions and single-
gene disorders (e.g., the Collaboration Education and Test
Translation Program),12 it was decided that the scope of EGAPP
would focus on disorders with the potential for a broad, popu-
lation impact.13 Initial tasks for the EWG included defining
methodologies and outcomes of interest in their assessment of
genetic tests. Successful methods and processes from numerous
evidence-based evaluation initiatives (e.g., US Preventive Ser-
vices Task Force, Cochrane Collaboration, and international
health technology groups)14–16 have been drawn on throughout
the EGAPP initiative. However, in general, the relative weight-
ing of health-related outcomes most amenable to evidence-
based evaluation (e.g., “hard,” clinical outcomes) is not propor-
tional in the assessment of genetic technologies, where other
factors (e.g., “soft,” behavioral outcomes) often take on in-
creased significance. Therefore, an Outcomes Subcommittee of
the EWG was convened to advise the EWG on how to define
outcomes to be considered in evidence reviews and to assess
them in a systematic way.

This article describes the EWG conclusions with respect to
test outcomes and discusses the outcomes that the EWG as-
sesses in framing systematic reviews and in making evidence-
based recommendations. Although rare and single-gene disor-
ders currently lie beyond the routine scope of EGAPP, they
were included in the Outcomes Subcommittee’s deliberations to
be comprehensive, and we have drawn on selected examples of
rare disease testing in this report.

ASSESSMENT OF GENETIC TESTS

EGAPP has adopted a rigorous approach to its evidence
reviews and the development of its recommendations.17 Central
to EGAPPs methods are the selection process for tests to be
evaluated, development of an analytic framework, and the ev-
idence collection and assessment. The components of evalua-
tion are the ACCE criteria, standing for Analytic Validity,
Clinical Validity, Clinical Utility, and Ethical, Legal, and Social

Implications (ELSI).18,19 Each of these four characteristics of a
test is critical to its overall assessment as a safe and effective
clinical tool. Typically represented in the form of a wheel
centered on the specific disorder and setting in which testing is
used, the ACCE approach uses a set of 44� targeted questions
to guide evaluation through each component of evaluation.
Analytic validity in the context of genetic testing refers to the
ability of the test to correctly characterize a known target DNA
sequence, structural variation, or genotype. Although important
to the analysis of a genetic test, analytic aspects of tests are not
considered in our assessment of outcomes. The clinical validity
of tests is related to our outcomes of interest in that false-positive
and false-negative results may have adverse outcomes that will
impact the overall assessment of risks and benefits of testing. The
outcomes of interest for EGAPPs purposes relate primarily to
clinical utility and ELSI issues, namely the health consequences
(benefits and harms) of responses by patients and/or family mem-
bers, physicians, and society to test information.

WHAT OUTCOMES DOES EGAPP CONSIDER?

Similar to the US Preventive Services Task Force, the EWG
assesses outcomes in their evaluation of the magnitude of net
health benefit (benefits less harms) of testing.20,21 This report
provides a lexicon of outcomes to be applied selectively by the
EWG in specific evidence reviews and in the accompanying
recommendations. It is stipulated that outcomes be meaningful
to patients, their families, or communities. The selection of
outcomes used for an individual EGAPP review is guided by an
analytic framework, which is designed to address the specific
clinical scenario and describe the outcomes of concern. Herein,
we review the range of outcomes that EGAPP may consider
when conducting each review.

To organize the various outcomes that may result from testing,
EGAPP adopted a variation of the model proposed by Tatsioni et
al.22 The outcomes of interest for a test are organized into four
groups: diagnostic and prognostic thinking, therapeutic choice,
patient impact, and familial and societal impact (Table 1). ACCE-
targeted questions can be applied to the individual domains of the
model to identify, collect, and organize relevant data on outcomes.
These domains represent a sequential flow of the test result from its
initial impact on the knowledge and attitudes of the patient and
clinician, through the subsequent impact on health, to the eventual
impact on society more broadly. Examples of health-related out-
comes within individual domains are provided, and these would be
ranked in the context of the selected clinical scenario for the test
under review. Although some of these outcomes will be much
easier to measure than others, the goal of ranking will focus on the
outcome’s importance in clinical decision making rather than mea-
surability. In cases where particular outcomes are found to be
challenging to measure, and yet the implications are highly rele-
vant to clinical decision making, the gap in knowledge will be
highlighted.

As an example, Table 2 shows an outcomes matrix created by
the EWG for framing the evidence review and making its
recommendation on CYP450 testing among adults with non-
psychotic depression treated with selective serotonin reuptake
inhibitors.23,24 Ranking of outcomes by relative importance in
this matrix involves some level of subjectivity. However, it
provides an intuitive approach toward systematically categoriz-
ing and assessing outcomes. The specific content and rankings
in this example are relevant to the specific topic under evalua-
tion and are not intended to reflect a general prioritization that
would apply to the evaluation of all genetic tests. The matrix
allows visualization of the distribution of outcomes between
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individual, family, and society levels, and identifies areas of
increased importance to patients and physicians under the clin-
ical scenario under evaluation. The following sections provide a
brief overview of outcomes of interest to the EWG in each of
the domains of the outcomes model.

DIAGNOSTIC AND PROGNOSTIC THINKING

Information provided by a genetic test initially affects the
clinician’s and the patient’s thinking about disease likelihood,

either for the symptomatic patient or for the patient concerned
about future disease. An accurate diagnosis or risk assessment
can guide treatments or preventive measures in many but not all
instances (as will be described later). Furthermore, a specific
understanding of the genes or mutations involved with the
clinical condition may refine prognostic information and/or
influence treatment strategies. Where effective treatment or
preventive measures are available, the harms and benefits asso-
ciated with those interventions are generally the primary out-
comes of interest. However, even in the absence of those
options, diagnostic information can potentially bring substantial
psychological benefits to patients, family members, and care
providers. Given the rare nature of many genetic conditions,
individuals often follow a burdensome and expensive “diagnos-
tic odyssey” before obtaining a definitive explanation.25,26 Pro-
viding a diagnosis ends the odyssey and reduces the uncertainty.
Diagnostic information also provides a prognosis, enabling life
planning even in the absence of effective interventions. These
outcomes may be assessed through studies of knowledge and
understanding of test results by clinicians and patients and by
measures of satisfaction with obtaining genetic information.
Any actual behavioral responses to test information are assessed
separately, as outlined below.

Knowledge per se of genetic information also may have
negative outcomes. Although not unique to genetic testing,
psychological distress is common, at least over the short term,
for those diagnosed with a serious condition or found to be at
high risk for future disease. Therefore pre- and posttesting to
quantify the level of distress for those who test positive (for
either a target condition or a genetic variant conferring elevated
risk for a condition) may be important to measure when eval-
uating genetic testing for serious conditions. Understanding
distress levels also is pertinent to individuals who test negative
and for those who have ambiguous results. In the case of
Huntington disease, research has revealed that more stress may
be caused by ambiguous results than by positive results.27

Varied emotional responses to inconclusive BRCA1/2 results
have been observed among cancer patients, and although stress
levels associated with this testing have been described as gen-
erally not reaching clinical significance, more research is
needed on the psychological impact of inconclusive results.28–30

Understanding the psychological reactions to tests is also im-
portant in guiding counseling interventions. Furthermore, the
psychological state of patients and clinicians may influence
subsequent behaviors with respect to adherence to treatment
recommendations or early detection measures. There is a sub-
stantial literature on the psychological impacts of genetic testing
for adult onset conditions, including BRCA1/2, Lynch syndrome
(also known as hereditary nonpolyposis colorectal cancer), and
Huntington disease.28,31–38 Examples such as these, involving
highly penetrant mutations, may offer limited insights into the
potential psychological outcomes of tests involving variants of
lower penetrance, particularly those that are provided without
professional oversight or formal counseling.

A second important adverse outcome in diagnostic thinking
is a consequence of misinterpretation of test results leading to
false reassurance or concern, needless additional testing, or
inappropriate therapy. Clinicians and patients may misunder-
stand results, and it is possible that this may occur more fre-
quently with genetic tests compared with nongenetic tests, due
to the complexity of the information, lack of familiarity with
new tests, infrequent use by individual clinicians, confusing
laboratory report forms, and lack of basic genetic knowledge for
both clinicians and patients.39 In some circumstances, there
even may be confusion over whether a result is positive or

Table 1 Examples of types of health-related outcomes

Potential outcomes Examples

Diagnostic thinking/health
information impact

Ending diagnostic odyssey

Knowledge of prognosis/disease course

Long-term planning

Distress (increased or decreased)

Satisfaction with testing services

Increased/decreased sense of control

Stigmatization or discrimination

Incidental information (unwanted
information)

Changes in family dynamics

Cultural, ethnic identity

Therapeutic choice Changes in preventive or therapeutic
strategies

Adherence to therapeutic regimen

Satisfaction with treatment choice

Health behavior (test recipients)

Patient outcome impact Mortality

Morbidity

Change in response to therapy

Incidence of adverse outcome(s) after
testing

Severity of adverse outcome(s) after
testing

Health-related quality of life

Pregnancy termination decisions

Prenatal interventions

Familial and societal
impact

Impact on health disparities

Health care utilization by family
members

Disabilities perspective

Fostering genetic determinism in
society

Eugenics attitudes in society

Technology innovation

Population health interventions
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negative.40 In other situations, genetic risk information may be
over- or underinterpreted. This can be a problem for individuals
with either positive or negative predictive genetic test results.
As a hypothetical example, consider the potential implications
for an overweight individual who learns that he harbors certain
alleles that may be associated with an elevated risk of develop-
ing type 2 diabetes. In this context, recent findings suggest little
to no added value in risk prediction based on inclusion of
genetic risk factors along with traditional risk factors.41–43

Could overinterpretation of genetic test results, perhaps based
on a false assumption of genetic determinism, lead to a fatalistic
attitude, and thus impede behavioral changes such as weight
loss, aimed at preventing diabetes? Could a similar individual
found not to be at elevated genetic risk for type 2 diabetes
overinterpret the result as meaning that he has a negligible
chance of developing late-onset diabetes and therefore opt to

maintain a sedentary lifestyle? Predictive genetic tests often are
not definitive in terms of whether the individual will be affected
(penetrance), at what point in the future, or with what degree of
severity (expressivity). This offers an opportunity for misunder-
standing the implications of test results among some patients
and perhaps clinicians.

Genetic factors typically work in concert with other biolog-
ical and environmental factors that lead to illness. Nevertheless,
some patients may feel doomed by their results when, in fact,
disease may never occur or may occur decades in the future.
Conversely, some who receive negative results on a predictive
test might falsely assume they are risk free for the condition
when, in fact, they are likely to be at the average population
risk. Those who are falsely reassured by good news on a genetic
test may forego subsequent screening or risk reduction mea-
sures that remain appropriate for them. False-positive and false-

Table 2 Example outcomes matrix—testing for cytochrome P450 polymorphisms in adults
with nonpsychotic depression treated with SSRIs

Outcomes Rank

Outcome type Outcome relevance

Patient
outcome

Physician
outcome

Individual
level

Family
level

Society
level

Diagnostic thinking

Knowledge of CYP 2 ● ●

Knowledge of risk 1 ● ● ●

Ability to interpret 1 ● ●

Therapeutic choice

Selective use of SSRI 1 ● ●

Tailored dosage 1 ● ●

Time to dosage 2 ● ●

Adherence 2 ● ●

Changes in other drugs 3 ● ●

Patient outcomes

Morbidity

Short-term response 1 ● ●

Long-term response 1 ● ●

Incidence of AEs 1 ● ●

Severity of AEs 1 ● ●

Other med changes 3 ● ● ●

Mortality

Incidence of suicide 1 ● ●

Familial and societal impact

Economic evaluation 2 ●

Reimbursement/access 2 ● ●

Health disparities 3 ●

Relationship to disparity 3 ●

SSRI, selective serotonin reuptake inhibitor; CYP, cytochrom P450; AEs, adverse events; Rank, the relative rank of this outcome
on a scale of 1 to 3 (most to least important); patient outcome, outcome is primarily relevant to the patient; physician outcome, outcome
is primarily relevant to the physician; individual level, outcome is relevant on an individual level; family level, outcome is relevant
at the family level; society level, outcome is relevant at a societal level.
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negative results result in informational errors that may lead to
inappropriate psychological reassurance or concern and poten-
tially inappropriate clinical management.

Results of unknown clinical significance are a particular
problem in DNA sequencing-based genetic tests. An unusual
sequence variation in an individual may represent a deleterious
mutation or a benign variant.44 These results will be reported to
clinicians and patients as variants of unknown significance, and
it may take months or years for sufficient knowledge to be
accumulated for the laboratory to make a final determination.
Ambiguous results could potentially cause substantial distress
in patients, and how clinicians manage these results should be
an important outcome to assess.45

Genetic test results also can affect how individuals think
about the control they have over their lives and how they relate
to family members. An important characteristic of genetic tests
is their ability to provide information about the “blood” rela-
tives of the individual tested.46 Guilt for passing a heritable
condition to the next generation is common. There also may be
an element of “survivor guilt” in unaffected siblings when other
siblings are affected or receive adverse test results. In consid-
ering tests for common, multigene disorders (e.g., predictive
testing for the risk of cardiovascular disease), issues such as
survivor guilt may be less of a concern. However, this is not
always the case. Similarly, in many cases, family members may
be much less involved (or not involved at all) in the testing
process for pharmacogenetic and low penetrance variants, when
compared with testing for highly penetrant mutations such as in
Huntington disease. In other examples, such as Lynch syndrome
(described in the Familial and Societal Impact section), involve-
ment of family members in the testing process can be a critical
factor in using test results to their maximal benefit toward
disease prevention. Ultimately, the highly varied nature of both
the disorders for which there are genetic tests, and of the tests
themselves, makes it difficult to impossible to draw conclusions
that will apply to a wide variety of clinical scenarios.

Those found at risk of future disease also may have a height-
ened sense of vulnerability with respect to social stigma or
discrimination. A common reason to decline predictive genetic
testing may be the fear of genetic discrimination,47–49 although
the actual number of instances of insurance or employment
discrimination appears to be small.50 The recently passed Ge-
netic Information Nondiscrimination Act51 may reduce both the
perception and practice of discrimination. Many individuals at
genetic risk for future illness choose not to undergo testing. A
complete assessment of a genetic test would include an under-
standing of whether at-risk individuals want testing and why
they make certain decisions about testing. Genetic conditions
also are frequently associated with specific racial or ethnic
groups. Genetic testing or screening may be targeted to sub-
groups in the population, and results may foster a sense of group
identity and/or group vulnerability. These issues not only flow
into the ELSI concerns but also are part of how people think
about the results of testing.

THERAPEUTIC CHOICE

How do genetic test results impact clinician and patient
behavior? If there is no response to the test information that
leads to changes in the preventive or therapeutic strategies
resulting in a better health outcome, then there is no clinical
utility. One such circumstance arises when a strong family
history suggests a genetic etiology for the condition in the
kindred. At-risk individuals in the family often will be advised
to pursue frequent early detection measures. In this context, a

genetic test of low or modest clinical validity may not alter the
clinical strategy. That is, those who test positive for a known
mutation will be advised to continue close surveillance, whereas
those with a negative test also may be advised to continue close
surveillance, on the assumption that other genes or environmen-
tal factors could be the explanation for the family history, or
because the condition is common in the general population.
Limited clinical utility was a factor in professional recommen-
dations against clinical use of genetic testing for increased risk
of melanoma.52,53 Under the heading of therapeutic choices, the
EWG will evaluate research that demonstrates a clinician’s
response to the information, not data on whether those re-
sponses enhance patient welfare. At the same time, the EWG
recognizes that clinical response to information may depend on
whether there is potential benefit to the patient.

Adherence to the therapeutic or preventive regimen can also
be important to improved health outcomes in those circum-
stances where the regimen is known to be effective. Measure-
ment of adherence or compliance to clinical recommendations
is essential to accurately assess both the efficacy and safety of
the interventions. Adherence is relevant because many interven-
tions, such as colonoscopy and mammography, must be under-
taken consistently and repeatedly over many years to achieve
their potential effectiveness. Patient knowledge, understanding,
and choice can enhance adherence,54 but other factors, such as
coverage of costs and availability of the recommended mea-
sures, may be important as well. It is also appropriate to mea-
sure adherence to general population recommendations, e.g.,
adherence to routine mammography or colorectal cancer screen-
ing, for those with negative genetic test results. Theoretically,
the net effect of a genetic test in a population could be negative
if those at increased risk do not adhere to recommendations for
whatever reason, whereas those who are not at increased risk
forgo surveillance based on false reassurance. Problems related
to adherence and compliance are by no means unique to sce-
narios involving genetic testing, and understanding both
whether individuals are compliant and why they behave as they
do is important to the success of any testing program.

Health-related behavior represents an intermediate outcome
between testing and impacts on morbidity or mortality. In
general, EGAPP does not consider a change in behavior to be
sufficient for making a recommendation, except where a behav-
ior is incontrovertibly linked to an outcome, e.g., smoking
cessation with lung cancer and overeating with obesity. None-
theless, a great hope in public health is that behavior change
may be an important factor linking testing with changes in
health outcomes. Research can assess some health-related be-
haviors in response to genetic test results relatively soon after
testing. Observing adherence over time is important but more
difficult. The value of this intermediate outcome depends on the
evidence for an association between the health behavior and
reductions in morbidity or mortality. Because mammography in
women aged 50 years and older reduces the risk of death from
breast cancer, increases in mammography rates for older women
in response to genetic testing may be advantageous, if linked to
appropriate intervals for testing and suitable follow-up and
management of tests. For example, if a genetic test provides the
impetus for a woman to pursue regular screening, the enhanced
adherence should improve health outcomes, whereas increasing
frequency of screening in a woman from annually to semian-
nually is unlikely to yield meaningful health benefits. Demon-
strating the actual impacts on morbidity and mortality data will
be important because it cannot be assumed that, for example,
mammography is equally effective in women at risk by virtue of
specific genetic mutations compared with women in the general
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population. Furthermore, clinical recommendations for individ-
uals at increased risk may extend beyond what the evidence
supports for individuals at average risk. For example, some
recommendations for women with strong family histories and
BRCA1/2 mutations encourage mammography at ages younger
than 40 years,55,56 with potential use of magnetic resonance
imaging as an adjunct.57 However, the utility of mammographic
screening in women aged 40 years and younger, and those at
increased risk of breast cancer, remains controversial.58 There-
fore, adherence to mammography recommendations by younger
women is not a good intermediate outcome in the absence of
data that mammography in younger women with BRCA1/2
mutations is associated with decreased morbidity or mortality.
That is, it is only speculative that adherence to mammography
recommendations in younger women with BRCA1/2 mutations
will lead to reductions in morbidity or mortality. It is reasonable
for professional groups to fashion recommendations for health
behaviors after genetic testing and for clinicians to recommend
such measures to their patients, but ultimately the clinical utility
of the test will depend on demonstrating a link between health-
related behaviors and reductions in morbidity or mortality for
those responding to genetic test information. The value of
intermediate outcomes such as adherence to preventive mea-
sures is contingent on the strength of the relationship between
the intermediate outcome and the primary outcomes of morbid-
ity or mortality. In addition, their value may depend a great deal
on the individual patient.

PATIENT OUTCOMES

A premise of the EWG is that it is important to assess the
clinical utility of tests before their widespread introduction. The
EWG is primarily concerned with changes in morbidity (includ-
ing quality of life) and/or mortality that occur as a consequence
of a genetic test. These outcomes include the benefits and/or
harms that accrue to true positives (those with the condition
correctly identified), the false positives (those without the con-
dition who are incorrectly identified and potentially managed
inappropriately), and false negatives (those with the condition
who are not correctly identified and therefore do not benefit
from or have the harms associated with management of true
positives). True negatives may have improved outcomes as a
result of avoiding unnecessary interventions or perhaps worse
outcomes due to false reassurance (that is, a belief that a
negative genetic test result means they are at no risk from the
condition rather than at a general population risk). As in the
assessment of nongenetic tests, the central question is whether
the use of genetic test information leads to lower morbidity or
mortality across the spectrum of patients for whom the test is
used, when compared with management for those same patients
who are not tested.

Although key to the clinical utility analysis, some of these
outcomes may be difficult to assess. Morbidity and mortality
may take years or decades to become manifest and may result
from clinical events, including additional diagnostic and thera-
peutic maneuvers, as well as from the impacts of a genetic
mutation. Monitoring the health of those tested and not tested
can be a long-term enterprise. Genetic factors are usually prob-
abilistic, meaning that adverse consequences are not unique to
those with genetic predispositions. For example, most women
with breast cancer are not BRCA1/2 mutation carriers,59,60

meaning that outcome studies must include a relatively large
number of subjects to demonstrate efficacy. To further compli-
cate documentation of morbidity and mortality, it may be dif-
ficult to conduct a randomized trial when testing is readily

available in clinical practice. Prevalent presumptions about the
short-term and long-term benefits of genetic information may
make it difficult to randomize individuals to a no-test group and
maintain study subjects’ no-test status over time. For some
genetic test applications, the impacts on health may be apparent
in the shorter term. Pharmacogenetic tests are designed to identify
individuals who may be more or less responsive to drugs at
standard doses and more or less susceptible to side effects. In some
cases, changes in morbidity from genetic testing in the area of
pharmacogenetics may be identifiable in a shorter time period than
other genetic testing applications. However, even in pharmacoge-
netics, long-term observation may be necessary for preventive
medications and treatment of chronic conditions.

For genetic conditions with frequently fatal outcomes such as
cancer, the assessment of mortality rates (e.g., 5 years and 10
years postsusceptibility testing) in those tested and not tested
would be important. For other genetic conditions, an evaluation
of morbidity through the assessment of benefits and adverse
outcomes would be more relevant. Assessing the presence of
cancer 5–10 years later in groups with and without genetic
testing would provide information on whether preventive or
early detection measures are enhanced by testing. For pharma-
cogenetic applications, an assessment of rates and severity of
drug side effects would be important. Intermediate variables
such as time to optimal dosing may provide useful information
but will generally be inadequate for EGAPP to make a positive
recommendation unless this change yields lower morbidity or
mortality. Where not obvious, ascertainment of changes in
quality of life may also be required.

FAMILIAL AND SOCIETAL IMPACT

As noted, a hallmark of genetic tests for heritable conditions
is that they provide some information about the genetic status of
relatives within the same kindred.43 If a woman is found to have
a BRCA1 mutation, one biological parent also is a mutation
carrier. In addition, her siblings and children are at 50% risk of
being carriers (other than in instances of spontaneous mutations
or misattributed paternity). The importance of this finding, and
interpretation of risk, is highly dependent on the family history
of breast and related cancers and the age of occurrence. Once a
mutation carrier has been identified within a family, the cancer
risk in the kindred should be determined to assess whether
counseling of other at-risk family members about the value of
BRCA testing is warranted.61 To the extent that genetic testing
could provide benefits, the benefits are multiplied by channeling
resources to at-risk relatives. If an individual with colon cancer
at a young age is determined to have a genetic variant associated
with Lynch syndrome, mutation testing in at-risk relatives fol-
lowed by preventive measures may be a highly effective strat-
egy to bring genetic testing to those most likely to benefit.62,63

The implications of similar results for the family members of an
older adult may be quite different, however (e.g., for an 80-
year-old individual with siblings of similar age, none of whom
have colorectal cancer or children). Therefore, an important set
of outcomes for some types of genetic testing arise from the
impacts on family members that flow from one original test.
Relevant questions include: are family members informed of
their genetic risk? do family members want to know their risk?
how many pursue genetic counseling or clinical evaluations,
and how many at-risk relatives pursue genetic testing? Longer
term studies might include psychological and behavioral re-
sponses to testing in family members and measures of morbidity
and mortality. The central point is that outcomes in this context
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often must include the effects of testing that cascade through the
proband’s family.

Societal impacts of the use of a genetic test can be diverse.
Cost issues are relevant to any new technology, though cost is
not a primary consideration in EGAPP evaluations.17 A cost-
benefit analysis will compare the total societal costs with the
total societal benefits in economic terms. Cost-effectiveness
analysis is used to compare the costs of competing strategies
with the health outcomes obtained.64 Both of these forms of
analysis may be relevant to genetic testing and screening. How-
ever, these economic analyses depend on good data on the
outcomes noted above and predictable processes of care after
testing. Although economic evaluations based on decision mod-
els may be informative, the quality of the economic evaluation
of a genetic test is only as good as the data and assumptions on
which they are based. The literature on economic outcomes of
genetic tests should be carefully scrutinized for the quality of
the assumptions and evidence used in the analysis.

Genetic testing or screening also may yield outcomes rele-
vant to specific racial or ethnic groups within society. Tay-
Sachs disease carrier frequency is high in Ashkenazi Jews, and
carrier testing and prenatal testing have been primarily used in
this community.65 Pharmacogenomic testing may also suggest
that some racial or ethnic groups are more or less treatable with
certain drugs due to the prevalence of different DNA polymor-
phisms within those populations. Indications for many genetic
tests or screening tests include the racial or ethnic background
of the patient. Furthermore, research for genes associated with
certain conditions will preferentially recruit subjects from racial
or ethnic groups with a higher prevalence of the condition. For
other conditions, the incidence of certain mutations may vary
considerably among population groups. For these reasons, some
mutations are associated with racial or ethnic groups in ways
that can reinforce group identity and reinforce social stigma.
These associations may be seen as beneficial as a stepping stone
to prevention and treatment, or they may be seen as reinforcing
negative stereotypes. These social attitudes may be important
potential outcomes of new genetic tests when their impact on
social groups could increase or decrease existing disparities.
The measurement of attitudes and discriminatory practices
would address these outcomes, although the conduct of this
research would be challenging.

At an even broader social level, there are concerns that the
contemporary focus on genetics and genetic testing may be
steering attention and resources away from other causes of both
illness and health disparities.66–68 It is quite clear that there are
environmental and social etiologies for poor health. Given that
many health conditions have both genetic and environmental
factors, are we focused excessively on the factors that are least
amenable to change? Should we be placing more emphasis on
the understanding and reduction of environmental triggers of
deleterious genes and less emphasis on genetic mechanisms?
This general concern about the appropriate use of social re-
sources is rarely relevant to the assessment of individual genetic
tests but may be relevant to classes of genetic tests. For exam-
ple, we should question whether population genetic testing for
cardiovascular disease risk will provide helpful information
when we already know about large, readily ascertainable, and
treatable factors such as smoking, hypertension, and limited
exercise. That is, spending individual and social resources on
genetic testing for cardiovascular risk in the general population
may draw attention and resources from more effective strate-
gies. Although these are important societal resource allocation
decisions and the EWG is cognizant of them, these issues are
not generally considered as part of the outcomes. Where pos-

sible they are considered is as a part of the contextual issues
used when translating evidence into recommendations. In the
same vein, technology innovators may be drawn to the devel-
opment of genetic tests rather than tackling innovative ways to
reduce smoking or limit exposure to environmental pollutants.
Measuring attitudes and behaviors relevant to alternative non-
genetic approaches to a disease may be important when strate-
gies emerge using genetic tests in a particular domain. In
addition, the expanding area of comparative effectiveness re-
search may be able to shed light on the extent to which testing
for particular gene variants adds to assessments based on more
conventional factors such as family history or other biomedical
test results.

CONCLUSIONS

The EWG has identified a set of outcomes which it will consider
for each test to be evaluated and will identify the outcomes that will
be examined in the evidence review. Each test under consideration
must be evaluated in terms of its suggested indication(s), the
clinical context, and the proposed benefits of the knowledge gained
through testing. The emphasis of the EWG on morbidity, including
quality of life, and mortality is consistent with the approaches of
similar groups focusing on other areas of diagnostics and thera-
peutics. However, “softer” outcomes such as psychological im-
pacts, behavior changes, and social impacts are particularly impor-
tant in the assessment of many genetic tests and may be weighted
accordingly in the EWGs evaluation of specific testing scenarios.
Because of the new nature of many genetic tests, data may be
limited or nonexistent on many of the outcomes addressed in this
article. The lack of reliable data on key outcome measures is likely
to lead to a recommendation by the EWG against utilization of the
test or a finding that data are insufficient to recommend for or
against testing. In these contexts, the EWG will attempt to identify
key gaps in the research record to foster studies to fill those gaps.
The EWG recognizes the substantial challenges in funding, orga-
nizing, and conducting clinical research to address the outcomes of
interest in its evaluations. However, the safe and effective use of
these sophisticated genetic technologies requires a foundation
of evidence to guide clinicians, the health professions, and society.
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