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What is the clinical utility of genetic testing?

Scott D. Grosse, PhIY, and Muin J. Khoury, MD, PhI¥

Evidence-based guidelines on the use of genetic tests in clin-
ical practice require asystematic assessmentof their usefulness,
which, following a commonly used framework proposed in
1998 by a U.S. Task Force on Genetic Testing, is commonly
referred to as clinical utility.'Clinical tility in its narrowest
sense refers to the ability of a screening or diagnostic test to
prevent or ameliorate adverse health outcomes such as mortal-
ity, morbidity, or disability through the adoption of efficacious
treatments conditioned on test results.? A screening or diag-
nostic test alone does not have inherent utility; because it is the
adoption of therapeutic or preventive interventions that influ-
ences health outcomes, the clinical utility of a test depends on
effective access to appropriate interventions. This use is con-
sistent with standard practice in evidence-based medicine,
which focuses on objective measures of health status to evalu-
ate interventions. Clinical utility can more broadly refer to any
use of test results to inform clinical decision-making. Finally,
in its broadest sense, clinical utility can refer to any outcomes
considered important to individuals and families (e.g., repro-
ductive decisions and psychosocial support). The field of ge-
netic services, notably genetic counseling for Mendelian disor-
ders, has emphasized the latter aspects of genetic testing?

This commentary was prompted by a discussion at a work-
shop on the evaluation of genetic testing sponsored by the
Centers for Disease Control and Prevention (CDC) in January
2005. The participants were a diverse group of experts in evi-
dence-based medicine and genetics. The term “clinical utility”
was familiar to many participants, and those who used the term
were confident that they knew what it meant. However, there
was no consensus as to what the term meant, with subgroups
holding to different interpretations. This diversity of opinion
led us to reflect on the meaning of the term and to review its
previous uses. We came to realize that different definitions
corresponded to different analytic and disciplinary or policy
perspectives.

We concur with Scheuner and Rotter? that multiple per-
spectives should be considered in the evaluation of genetic test-
ing, a conclusion that we had already reached. This commen-
tary is a first response to their recent editorial. Only by making

D

different perspectives explicit is it possible to reach agreement
on the key endpoints to use in evaluating genetic testing for
different audiences and purposes. Although different groups
will not necessarily agree on which endpoints are most impor-
tant, which involves value judgments and priorities, we hope
that we can contribute to the clarification of these differences
of opinion. The utility of genetic testing has different dimen-
sions (public health, clinical, personal, and social), and the
term “clinical utility” may be too limiting.

In this commentary, we review the evolution of the concept of
clinical utility of biochemical or molecular testing for genotypic
variations associated with risk of disease. Potential health-related
applications include screening, diagnostic, and carrier testing for
single-gene disorders, testing of multiple loci to construct disease
susceptibility risk profiles, and pharmacogenomic testing to pre-
dict drug— genome interactions. Most applications to date fall un-
der the single-gene category, but more are expected for common
diseases with complex genetic contributions and gene—environ-
ment interactions. We do not consider non—health-related uses
of genotyping, such as testing for physical traits such as athletic
ability.*

THE EVOLUTION OF THE CONCEPT OF CLINICAL
UTILITY OF GENETIC TESTING

In 1997, the Mational Institutes of Health-Department of
Energy Task Force on Genetic Testing proposed three criteria
for the evaluation of genetic tests: analytic validity, clinical va-
lidity, and clinical utility.! By clinical utility, the reportreferred
to “the balance of benefits to risks™: “Before a genetic test can
be generally accepted in clinical practice, data must be col-
lected to demonstrate the benefits and risks that accrue from
both positive and negative results.” In enumerating potential
benefits and risks, the Task Force explicitly included social and
psychologic benefits and burdens or harms of genetic informa-
tion, such as the ability to avoid the conception of an affected
child, reduction of uncertainty, increase in anxiety or fear of
discrimination, and complacency from negative test results
that can result in unhealthful behaviors. Thatis, an assessment
of the ethical, legal, and social implications (ELSI) of a genetic
test was explicitly considered as an aspect of clinical utility.

The report of the Task Force on Genetic Testing? led to the
chartering in 1998 of a Secretary’s Advisory Committee on
Genetic Testing, In a report that called for enhanced federal
oversight of genetic testing, the Secretary’s Advisory Commit-
tee on Genetic Testing followed the Task Force in stating:
“Clinical utility takes into account the impact and usefulnessof
the test results to the individual, the family, and society. The
benefits and risks to be considered include the psychological,

Genetics 1N Medicine




SCIENCE AND SUCIETY

Ensuring the appropriate use of
genetic tests

PERSPECTIVES
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As a consequence of the completion of the
Human Genome Project,an increasing num-
ber of genetic tests are becoming available to
clinicians. New genetic tests will increasingly
address clinical questions relevant to main-
stream clinical practice, such as genetic sus-
ceptibility to commeon diseases and individual
variation in drug response. Although some
tests will provide effective new health-care
alternatives, athers will probably fall shot of
their promise, or entail substantial costs or
risks. Defining and implementing genetic
testing protocels that have a high chance of

viding L, while aveiding questionable
uses, represents an important health-policy
challenge.

The promise of genetic testing — with its
emphasis on PERSONALIZED MEDICINE {see
Glossary) and improved diseass prevention
— i intaitively appealing, and has been
widely touted™*. Genetic tests have tradi-
tionally been nsed to identify rare g
conditions, but many new tests will identify

latively commen gene variants that repre-
sent a new class of Fact

tial mar 3
incentives will have an impaortant role in test
development. Policy makers therefore have
good reason to be wary of a technological
imperative that might lead to the wide adop-
tion of genetic tests without a considered
: nt of the pros and cons.

There are several strategies for guiding the
appropriate use of new medical technalogy;
including evaluation procedures to define test
properties, statatory regulation, decisions

about the use of health-care resources, prac-
tice guidelines and health-provider education
{F1G. 1. Here, we consider the application of
these strategies to genetic testing.

The challenge of g i ing
Given the diverse clinical applications of
genetic tests, determining appropriate use can
be challenging (TABLE 1. For example, a test
used to diagnose a rare genetic condition
might also be used to predict its occurrence in
asymptomatic family members, detect carviers
fior the condition or aid in prenatal diagnosis.

ting can be done in the absence of effective
treatment to provide a prognosis or determine
reproductive risk. Conversely, some tests are
done primarily to guide treatment. Newborn
screening, for example, is done to identify new-
borns with genetic disorders that require rapid
initiation of treatment, stch s FEENLRETONURL:
i see also Online links box) . However axaryric
VALIDITY, CLINICAL UTILITY and cumicaL R uDITY are
important properties to be considered for all
genetic tests™®

The assessment of clinical wtility poses par-
ticular challenges for genetic tests that assess
drug response or susceptibility to commeon
diseases. In contrast to tests for single-gene
disorders, thess have limited pradictive

ability, pregnancy, surgery and oral con-

traception, influsnce whether venous throm-
bosis will ocour in a person with factor V
Leiden. Importantly, most cases of venous
thrembosis occur in people without factor V
Leiden

Fortests of this kind, a stringent approach
to clinical utility would recommend that the
test be used only when effective interventions
are available to improve the health cutcome
of people with the gene variant. Without
effective therapy, testing could result in
adverse labelling of an individual as geneti-
cally susceptible, without any commensurate
health benefit; and could also lead to the use
of unproven therapy with its associated ri
Moreover, the resources used in such tests
could be used for other health interventions
with beneficial outcomes, However, this per-
spective contrasts with the emphasis that
medical genetics has traditionally placed on
the value of knowledge about risk.

Disagreements can also occur about the
evidence that is needed to document health
benefit. For example, when is a randomized
controlled trial necessary to prove a health-
outoome benefit, versus less definitive nbserva-
tional data? Similarly, to what extent should
tests be used as a means to motivate healthy
behaviour?
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Defining The Balance Of Risk
And Benefit In The Era Of
Genomics And Proteomics

The new world of personalized medicine demands that
approach to balan:
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A public health approach to
pharmacogenomics and gene-based
diagnostic tests
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diagnostic tests, in ‘real world’ settings.

The pletion of the human genome project
promises fundamenral changes in our under-
standing of disease causation and treatment, and
our ability to screen for disease predisposition
and treatment responsiveness [1.2). Pharmaco-
genomics has the potential ro improve drug dis-
covery and development, as well as improve drug
safety and effectiveness [3-5).

However, past performance in evaluaring the
safety and efficacy of drugs and in ensuring the
proper use of screening and diagnostic tests in
the USA has not been oprimal, and should cause
us to pause and consider the reasons for this cur-
rent state of affairs [6-8). The recent controversies
over mammeography screening,
hormone  therapy,  and
(COX2) inhibito
substantially increase the le
ble s makers, providers and patients, in

postmenopausal
crclosxygenase-2
have pointed to the need to
2| of evidence availa-

v poli

strong marketing and advocacy forces. In the
current biomedical research and marketing cli-
mate, there may be littde incentive to perform
head-to-head comparisons of new drugs with
other medicanions, ro compare new diagnostics
with older ones or the current standard of
care (.10], and perrinent to genomics, assess
whether or not drugs may have differential safety
and effectiveness paramerers for individuals with

s providers, physicians qnd
patients often have far @0 lintle data regarding
the utility or cost effec of new ther apm-

Tcs or {121 Bven when ne TIents o

10.2217A14622416.7 3.331 @ 2005 Futurs Medicine Ltd 155N 1462-2418

While the human genome project is likely to lead to func
e causation and our ability to screen for disease predisposition and
treatment responsiveness, the current healthca
the proper use of these advances. As the pace of genstic technelogy development increases
and new pharmacogenetic drugs and gene-based diagnostic tests increasingly impact
patients, health plans, payers and employers, it will be crucial to develop an
evidence-based framework by which to evaluate these new tests and treatments. In order
to increase the level of evidence available and allow for infermed decisions in the face of
strong marketing and advocacy forces, the authors suggest the development of one (or
more) large clinical networks with the purpose of systematically evaluating the clinical
effectiveness of new genamic applications, including pharmaceuticals and gene-based

order to allow informed decisions in the face of

nental changes in our

systemn is not properly aligned to ensure

diagnostics are shown to be beneficial, there is
lietle agreement and few standards about how
best to deliver these new advances to the patent,
«r how to decide when to adopr them in the
delivery system.

In a recent editorial, Califf highlighred how
the current system for approval and oversighe of
medical produces ar the US FDA — including
pharmaceuticals and diagnostic teses — is anti-
quared [13), and is one where health ourcomes
research has taken a backsear to research thar
remains almest exclusively focused on the bio-
medical products. The current
regulatory environment for evidence collected
regarding drug safety and efficacy and on diag-
nostic tests is primarily direcred to that needed

logic function o

r Licensure. The road to licensure for commer-
cially developed pharmacogen

focuses first

etic-hased drugs
n compound discovery and then

agh a series of wials that provide
dara on a drugs clinical response, safety and effi-

progresses thin

cacy. For diagnostic tests, prelicensure evalua-
tions focus primarily on the questions that
inform analytical utilicy and sometimes clinical
validity (13).

However, following licensure, as the drugs and
tests become more widely used in the marketplace,
important questions remain to be answered. Preli-
censure studies rarely address issues of clinical

acteristics in ‘real world” conditions {11,131
snsure clinical trials are typically restricted to

highly selecred groups of patients on monotherapy
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Translating Genome-Based Research for Health

Goal: Personalized delivery of therapeutics that
accounts for the genetic variation of the patient

Gene-based diagnostic tests are very powerful

Have distinctive risk/benefit profiles
May have unintended effects

Default for gene-based diagnostic tests and for
pharmacogenetics should be:

Randomized Clinical Trials (if/when feasible)
Population-based observational studies




Translating Genome-Based Research for
Health

How do HMOs (~Kaiser) evaluate nhew genomic
technologies?

. Is there good evidence (RCT/obs) that it improves

outcomes?
« Gene testing for Her2 Neu status
« Gene testing for Warfarin

2. Does it improve outcomes at a reasonable cost
(money; resources; time)?
Abacavir hypersensitivity NNS 25-30




From Rayal Perth Hospital and Murdech
University — both in Perth, Australia
(5.M., E.P, DUN; Universits degli Sudi
di Brescia, Brescia, ltaly (G.C.); Hépital
Saint Louis, Paris {J-M.M.); AIDS Re-
search Initiative, Darlinghurst, Australia
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*Members of the Prospectve Randarn-
ized Evaluation of DNA Screening in a
Clinical Trial (PREDICT-1) study team are
listed in the Appendiz.
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HLA-B*5701 Screening for Hypersensitivity
to Abacavir

Simon Mallal, M.B., B.S., Elizabeth Phillips, M.D., Giampiere Carosi, M.D.,
Jean-Michel Melina, M.D., Cassy Workman, M.B., B.S., Janez Tomazi¢, M.D.,
Eva)dgel-Guedes, M.D., Sorin Rugina, M.D., Oleg Kozyrev, M.D.,

Juan Flores Cid, M.D., Phillip Hay, M.B., B.S., David Molan, M.B., B.S.,
Sara Hughes, M .Sc., Arlene Hughes, Ph.D., Susanna Ryan, Ph.D.,
Micholas Fitch, Ph.D., Daren Thorborn, Ph.D., and Alastair Benbow, M.B., B.S.,
for the PREDICT-1 Study Team™

ABSTRACT

BACKGROUND

Hy persensitivity reaction to abacavir is strongly associated with the presence of the
HLA-B*5701 allele. This study was designed to establish the effectiveness of prospec-
tive HLA-B*5701 screening to prevent the hypersensitivity reaction to abacavir.

METHODS

This double-blind, prospective, randomized study involved 1956 patients from 19 coun-
tries, who were infected with human immunodeficiency virus type 1 and who had
not previously received abacavir. We randomly assigned patients to undergo prospec-
tive HLA-B*5701 screening, with exclusion of HLA-E*S701-positive patients from aba-
cavir treatment (prospective-screening group), or to undergo a standard-of care ap-
proach of abacavir use without prospective HLA-E*5701 screening (contro! group). A!!
patients who started abacavir were observed for 6 weeks. To immunologically con-
firm, and enhance the specificity of, the clinica! diagnosis of hypersensitivity reaction
to abacavir, we performed epicutaneous patch testing with the use of abacavir.

RESULTS

The prevalence of HLA-B* 5701 was 5.6F (109 of 1956 patients). Of the patients receiv-
ing abacavir, 72% were men, 84% were white, and 18% had not previously received
antiretroviral therapy. Screening eliminated immunologically confirmed hypersen-
sitivity reaction (0% in the prospective-screening group vs. 2.7% in the control
group, P<0.001)} with a negative predictive value of 1009 and a positive predictive value
of 47.99%. Hypersensitivity reaction was clinically diagnosed in 93 patients, with a
significantly lower incidence in the prospective-screening group (3.4%) than in the
control group (7.89%) (P<0.001).

COMCLUSIONS

HLA-E*5701 screening reduced the risk of hypersensitivity reaction to abacavir. In
predominantly white populations, similar to the one in this study, 949 of patients
do not carry the HLA-B*5701 a!lele and are at low risk for hypersensitivity reaction
to abacavir. Qur results show that a pharmacogenetic test can be used to prevent a
specific toxic effect of a drug. (ClinicalTrials.gov number, NCT003400£0.)

HENGL] MED 3586  www.MEJM.ORS FEBRUARY 7, 2008

Downloaded from www.nejm.org at KAISER PERMANENTE cn February 10, 2009 .

Copyright & 2003 Massachusetis Medical Society. All rights reserved.




Major challenge:

» Lack of evidence/data to support
Integrating new genetic tests/technologies
or applying them to old drugs




Joint informal collaboration(s) with PGRN and
AHRQ DEcIDE

Informal decision-making process decides which drug classes to study:
Metformin
Statins
Asthma-related (beta-agonists; steroids)

Implicit and explicit determinations:
Substantial morbidity/mortality (DM; CVD; Resp)
Substantial cost-drivers
Substantial number of exposed patients

Recent advances in science ready to assess impact in population-
based setting (‘shovel-ready’)

Goal: To collect the evidence needed to decide whether to adopt testing into
practice




PGRN: Gene - discovery of polymorphisms influencing response

HMORN: What is role of gene in predicting response in routine practice

Case-control study assessing role of polymorphisms in patients
who do or do not respond to drug(s)

Validation study

Develop dosing and/or medication choice guidelines depending

on g)enetic status (may require separate evidence gathering
step

Randomized trial of gene-directed medication choice/dosing




Example: Metformin

PGRN: Discovery of polymorphisms influencing response to metformin

HMORN: Case-control study
Cases = non-responders to metformin
Controls = responders to metformin

Exposure = polymorphisms

If study reveals strong association, then validation f/lbo RCT

Arm 1: Testing for polymorphisms, with gene-guided choice of
metformin or sulfonylureas

vVersus
Arm 2: Usual care




Example: Asthma

PGRN: Discovery of polymorphisms influencing response to asthma
medications

HMORN: Case-control study
Cases = non-responders to steroids/albuterol/MLK
Controls = responders to steroids/albuterol/MLK

Exposure = polymorphisms

If study reveals strong association, then validation f/o RCT

Arm 1: Testing for polymorphisms, with gene-guided choice of
steroids/albuturol/MLK

versus
Arm 2: Usual care




Barriers

1.Research Infrastructure

2.Data systems

3. Mismatched incentives for licensure




Barrier 1: Research Infrastructure

1.No formal research infrastructure with
adequate funding for outcome studies of

new genomic technologies. As a result,
outcome studies have, to date, been
bootstrapped onto discovery projects




Barrier 2: Inadequate data systems

2. Data systems are lagging behind

— Most ICD-9 codes/CPT codes are inadequate to task of:

1. (efficiently) Identifying patients tested for Her2Neu,
Oncotype etc status

. (efficiently) Identifying her2neu results

. Can'’t assess if test is done appropriately, or whether rx
(herceptin) is being used appropriately

. In these situations, observational data inadequate for studies
of test effectiveness, relegating us to RCTs of new genetic
tests




1.

Barrier 3: Mismatched incentives

For licensed tests — decision to integrate into practice will hinge on
demonstrating improved outcomes in large, population based
settings

. For some tests (e.g. oncotype; warfarin) RCTs may be feasible and

justifiable

For others — clinical trials not feasible. Observational data may
suffice, but may only be available post-licensure. Regardless, no
funding agency likely to evaluate commercial product.

. No regulatory incentive for companies (RCTs or Observational)

Without fundamental changes, may lead to repeated examples of
poor update of potentially valuable technologies (e.g. amplichip)
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Goal: Personalized delivery of therapeutics that accounts for the genetic
variation of the patient

Gene-based diagnostic tests are very powerful
Have distinctive risk/benefit profiles
May have unintended effects

Defgult for gene-based diagnostic tests and for pharmacogenetics should
e:

Randomized Clinical Trials (if/when feasible)
Population-based observational studies

Should they, similar to pharmaceuticals, need proof of clinical utility/
improved outcomes as a requirement linked to licensure?







