
Pharmacogenetic testing: not as simple as it seems
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Pharmacogenetics has the potential to help guide treatment decisions by tailoring appropriate drugs and dosages

to patients most likely to benefit. This straightforward clinical goal has led some to suggest that pharmacogenetic

testing is free of ethical concerns. However, a number of potential risks and clinical uncertainties arise in

considering the use of these new tools in clinical care. We propose a classification of pharmacogenetic tests to

identify and prioritize the policy issues that will need to be addressed to ensure appropriate delivery of pharma-

cogenetic testing. We use the classification framework to consider the benefits and risks associated with ancillary

information, timing of testing, and storage and retrieval of pharmacogenetic test results among health profession-

als. These issues have implications for informed consent and genetic counseling requirements, and for the role of

health professionals. Genet Med 2008:10(6):391–395.
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Pharmacogenetics represents one of the most promising
clinical applications of genomic research. Testing for gene vari-
ants associatedwith drug response has the potential to improve
both the safety and efficacy of drug treatment, by identifying
the best patient candidates or most appropriate dosages for a
particular drug.1,2 Some have argued that pharmacogenetic
tests pose risks similar to other genetic tests,3 although others
have suggested that the direct application of pharmacogenetic
tests to improved health care represents a major difference,
such that the ethical issues surrounding traditional genetic
tests are not applicable to pharmacogenetic tests, or to a much
lesser degree.4–6 We propose a classification of pharmacoge-
netic tests to assist clinicians and policy makers to identify
salient differences in the ethical and policy implications of dif-
ferent pharmacogenetic tests. This framework indicates that
some pharmacogenetic tests raise ethical issues that warrant
additional attention before their use.

CLASSIFICATION OF PHARMACOGENETIC TESTS

Although pharmacogenetic tests are likely to be used in a
wide range of clinical settings, two distinctions are of particular
importance: (1) the type of genetic variation identified by the
test—either acquired or inherited and (2) the goal of testing—
either to address a specific clinical question or to provide in-
formation for future clinical care. A third important distinc-

tion applies to tests detecting inherited variation—whether the
test reveals ancillary clinical information. Ancillary informa-
tion refers to information unrelated to drug response, such as
predisposition to diseases for which the individual is not cur-
rently seeking treatment or does not manifest symptoms, or
prognostic information that is not informative for treat-
ment.3,7,8 Our classification framework extends the analysis of
Freund and Wilfond,9 who identified four similar criteria in
their discussion of the differences between traditional genetic
tests and pharmacogenetic tests: the purpose of testing, scope
of testing, predictive value, and potential collateral informa-
tion. In considering policies for test use, the leading issues will
differ in the categories of pharmacogenetic tests generated by
these parameters (Fig. 1).

Testing of acquired variants

Pharmacogenetic testing of tumor or other disease tissue
before prescription of a drug may allow the selection of the
patients most likely to benefit from treatment. For example,
testing for mutations in the epidermal growth factor receptor
(EGFR) gene in non-small cell lung cancers will help to identify
patientsmore likely to respond favorably to treatment with the
tyrosine kinase inhibitor erlotinib (Tarceva). A genetic analysis
found that patients who respond favorably usually had tumors
carrying mutations in the EGFR gene (the drug target of
Tarceva), whereas the tumors of nonresponsive patients had
few or no mutations.10,11

Testing for inherited variation to improve current care

Variants in the genes coding for metabolic enzymes, trans-
porters, receptors or other proteins involved in drug disposi-
tion can influence the efficacy of drug treatment or the likeli-
hood of adverse drug responses. When a particular drug
therapy is contemplated, testing for relevant gene variantsmay
provide guidance for treatment decisions. For example, several
polymorphisms in two genes, CYP2C9 and VKORC1, have
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been associated with higher bleeding complications or lower
dose requirements for warfarin.12,13 CYP2C9 is involved in the
metabolism of warfarin and VKORC1 is a target of warfarin.
Testing for variants in these genes may assist clinicians to
choose the appropriate warfarin dose or treatment surveillance
for patients diagnosed with venous thrombosis or other clini-
cal conditions requiring anticoagulant therapy.

Testing for inherited variation to improve future care

Testing for inherited variationsmay also improve future care if
pharmacogenetic information is routinely collected before any
specific drug treatment. This approach assumes thatmost people
who undergo testing will eventually require drug treatment for
which pharmacogenetic testing will be informative, and that pro-
spective testing will improve outcome by enabling immediate
treatmentdecisions.Continued increases inprescriptiondruguse
may further encourage the use of prospective testing, as point-of-
care testing may not be considered cost-effective.
Prospective testing is most likely to use pharmacogenetic

profiles which test for variants in multiple genes involved in
drug metabolism rather than single gene testing. Examples of
general pharmacogenetic profiles include the Roche Ampli-
Chip,14 which tests for variants in CYP2D6 and CYP2C19 and
Genelex’s Drug Reaction Testing panel.15 Gene selection for
inclusion in a general pharmacogenetic profile can be based on
several factors including functional significance of genetic
variants, frequency of variants across different populations,
prevalence of drug use affected by the chosen genes, severity of
adverse drug response, and classification as a known valid bi-
omarker by the Food and Drug Administration.16

Combination testing for inherited/acquired variants

A situationmay arisewhere testing for both an inherited and
acquired variant may be necessary. For example, erlotinib and
other tyrosine kinase inhibitors are known to be metabolized
by the highly variable CYP3A4 enzyme.17,18 Therefore, in ad-
dition to testing lung tumors for EGFR mutations or expres-
sion level, testing to determine the level of CYP3A4 activity
would be helpful to predict exposure to this class of drugs.
Whereas the EGFR mutation represents an acquired variant,
the CYP3A4 genotype is an inherited variant. The potential for
ancillary information would be limited to CYP3A4.

POLICY CONCERNS

The test categories determined by these parameters help to
identify and prioritize policies for pharmacogenetic testing in
different clinical settings. The appropriate use of a test is based
on the test’s potential to improve treatment outcome and its
cost-effectiveness (tests that are required for use of a particular
drug as indicated on the drug label are a priori part of the drug
treatment process). Additional concerns arise in tests for in-
herited variation.
In general, the policy issues involving pharmacogenetic test-

ing for acquired variants are likely to be similar to the issues
raised with any other clinical biomarker used to characterize
disease state. By definition, this testing occurs after diagnosis,
for the purpose of identifying disease subtypes through analy-
sis of disease tissue. Additional tests similar to EGFRmutation
testing of non-small cell lung cancers can be cited: for example,
the detection of genetic amplification of the ERBB2 (also
known asHER2/NEU) gene in breast cancer biopsies provides
clinical guidance about use of the targeted drug trastuzumab
(Herceptin).19

Pathogen testing would also be considered in the category of
testing for an acquired genetic change. For example, human
immunodeficiency virus resistance testing can inform the se-
lection of which antiretroviral drugs to use.20

Arguably, these tests would provide no greater risks than
other nongenetic tests used to characterize an infectious agent
to further refine treatment choice (e.g., an antibiotic sensitivity
test on a lung culture from a patient with pneumonia). Like
tests for acquired changes in disease tissues, pathogen testing
would not yield ancillary risk information or information
about inherited risk because any risk information would be
related directly to the disease (infection) and not the individ-
ual. Potential psychosocial risks associated with the nature of
the disease would be no greater than with other nongenetic
pathogen testing.

Ancillary information

Pharmacogenetic testing may divulge risk information un-
related or un-informative to current treatment.3,7,8 Although it
is possible to detect inherited variants in tumor tissue samples,
they will be rare relative to acquired mutations and distin-
guishing them would require confirmatory testing. Informa-
tion about prognosis may be revealed by the pharmacogenetic

Pharmacogenetic  
Test

Acquired Variant Inherited Variant 

Current Application Future Application 

No Ancillary  
Information

 Ancillary  
Information 

Fig. 1. Classification of pharmacogenetic tests according to heritability of variant,
current/future application, and potential for ancillary information (dotted line,
acquired variant; solid line, inherited variant).
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test, but this information will usually be relevant to treat-
ment options, as is the case with testing for HER2/NEUam-
plification.19

By contrast, testing for inherited changes may pose a sub-
stantial risk of ancillary information. For example, a variant in
the guanine nucleotide binding protein beta polypeptide 3
(GNB3) gene may predict response to antidepressants.21 Al-
thoughGNB3 testing could help guide drug selection, it would
also provide information about the risk of essential hyperten-
sion22 and type 2 diabetes.23 The A1/A2 variant of the dopa-
mine receptor D2 (DRD2) gene has been associated with re-
sponse to bupropion and nicotine replacement therapy24; in
addition, some studies suggest an association with risk for al-
coholism.25 The E4 variant in theAPOE gene is associated with
warfarin26 and statin27 response as well as Alzheimer disease28

and coronary heart disease.29 The ancillary information pro-
vided in these examples may be unwelcome or stigmatizing,
and could be a reason not to test—or even to exclude certain
gene variants from testing panels unless the pharmacogenetic
information is deemed critical to safe or effective drug therapy.
The proportion of pharmacogenetic tests that will yield such
information is unclear, and is largely understudied. However,
one study reported more than a third of the 42 inherited phar-
macogenetic variants reviewed were associated with a disease
unrelated to the pharmacogenetic indication.30

The greatest risk of ancillary information will likely occur
with a prospective pharmacogenetic profile. This testing ap-
proach involvesmeasurement ofmany gene variants to inform
future treatment decisions, amplifying the potential for ancil-
lary risk information. In addition, the harm of ancillary infor-
mation can occur any time after testing is performed whereas
the benefits will only occur at some unspecified time in the
future when information from the profile is used to inform
drug treatment.
The potential for ancillary information is relevant in deter-

mining practice guidelines and informed consent procedures
for pharmacogenetic tests. By extension, investigation of the
potential for clinically relevant ancillary information is an im-
portant component of pharmacogenetic test evaluation, to in-
sure that information about this test property is available to
policy-makers. The validity and utility of the ancillary infor-
mation must be weighed against the validity and utility of the
intended pharmacogenetic information. If the evidence to
support ancillary disease associations is poor, the issuemay not
be of significant concern in light of the benefit of testing to
guide treatment selection or prevent adverse responses. Care-
ful scrutiny is particularly important when a variant is pro-
posed for inclusion in a pharmacogenetic profile.

Informed consent/genetic counseling

The scope of information needed by patients to allow ade-
quately informed consent pivots on the potential risks of test-
ing. With tests for inherited variation, the potential for ancil-
lary risk information becomes an important factor in considering
the appropriate scope of informed consent.When the test is likely
to reveal clinically important risks unrelated to the purpose of

testing, an explicit and formal informed consent process should
be considered,whereas in the absence of such information, incor-
poration of pharmacogenetic testing under a general consent for
care may be reasonable.
Building on the issue of informed consent is the question of

who is best able to inform patients of the risks and benefits
associated with pharmacogenetic testing.
Pharmacogenetic testing would likely not be feasible in

many clinical settings if genetic counseling were routinely rec-
ommended or required; uptake would likely be discouraged,
costs increased, and an already limited workforce would be
further strained. Yet some tests may generate complex risk in-
formation that would require detailed pretest counseling to
assure informed consent. This concern emphasizes the need to
consider formal counseling requirements for some tests so that
the risks are appropriately disclosed to the patient; the coun-
seling could be provided by genetics professionals or by other
clinicians who had received appropriate professional educa-
tion as part of the introduction of pharmacogenetic tests.8

Timing of pharmacogenetic testing

With tests used to improve current care, the timing of test-
ing arises primarily as a question about the efficacy of the test-
ing protocol, specifically whether the test turnaround time is
sufficiently rapid to inform treatment decisions. However, for
prospective pharmacogenetic profiling, timing has broader
implications. Several possible scenarios can be envisioned: a
pharmacogenetic profile could be routinely performed as a
part of pediatric care; offered as part of routine adult primary
care; or offered the first time an individual requires drug ther-
apy for which pharmacogenetic testing is likely to be useful.
Pharmacogenetic profiling of children raises particular eth-

ical concerns regarding the benefit of early testing in the ab-
sence of an immediate benefit and the potential for ancillary
information.31 In general, genetic tests are not recommended
for children unless the benefits clearly outweigh the risks for
the child’s immediate health, in large part because the child
cannot participate fully in the informed consent process.32 A
child with a chronic illness might derive greater benefit from
prospective pharmacogenetic testing than a healthy child. If
drug treatment is required for a child, pharmacogenetic testing
relevant to current care may be the preferred option.31

In addition, several companies offer pharmacogenetic pro-
filing direct to consumers, allowing consumers the option to
decide when testing is most appropriate for them. Despite the
flexibility provided by these companies and the ability to be
tested without having the results entered into the medical
record to protect patient privacy, test interpretation and ap-
propriate adjustment of drug treatment requires professional
expertise and consideration of additional clinical measure-
ments, respectively. Therefore, the benefit of direct-to-
consumer testing may be outweighed by the limited applica-
tion of test results.

Classification of pharmacogenetic tests
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Storage/retrieval/portability of test results

Storage, retrieval, and portability of pharmacogenetic infor-
mation is also a greater concern for pharmacogenetic testing of
inherited variants, particularly those ordered for future care,
than for acquired variants. The more in advance of treatment
testing is performed, the greater the need for an effective and
secure storage and retrieval system is required. Because the use
of information about inherited variants will span an individual’s
lifetime, an individual’s pharmacogenetic profile must be
stored securely but easily retrieved when needed. An effective
solution for both retrieval and privacy protection will be a pre-
requisite for using pharmacogenetic testing as part of routine
preventive care.
Results of pharmacogenetic tests will become a part of the

patient’s medical record, with access to this information
protected under medical privacy laws, including the Health
Insurance Portability and Accountability Act and any rele-
vant state laws or regulations. Typically, multiple providers
caring for the patient share this information. For example,
when a diabetic patient is being treated for vascular insuffi-
ciency, the primary care provider, endocrinologist, and car-
diologist are all likely to have access to the patient’s record
and information. Appropriately, neither Health Insurance
Portability and Accountability Act nor most state laws pro-
hibit sharing of medical information among treating pro-
viders; the benefits of pharmacogenetic testing would be
diminished if they were not readily available whenever med-
ications were prescribed.
As a result, portability is an important concern for informa-

tion derived from pharmacogenetic testing for inherited vari-
ants for both current and future care. The benefits of this in-
formation are derived in part from its relevance to many drug
classes that a patient may need during his/her lifetime; the
nondisclosure or inability to retrieve pharmacogenetic infor-
mation may result in redundant testing or adverse responses if
other physicians are unaware of a patient’s genetic predisposi-
tion. This situation may arise when a pharmacogenetic test is
ordered to assist treatment in a specific clinical situation and
the test result is not available to a different treating physician
for a subsequent condition. The patient may not know to in-
form the second physician of the pharmacogenetic test result
since s/he may not be aware of its relevance to a different class
of drugs.
One approach to facilitating portability of pharmacogenetic

information would be to develop mechanisms that make it
easy for patients to carry this information with them. A digital
electronic record could be stored on amagnetic strip card or in
an online database that is password-protected but accessible to
health professionals granted permission by the patient.
Another approach would involve pharmacy practice. Phar-

macists’ access to patient pharmacogenetic information could
ensure review of this information before the prescription being
filled.33 Pharmacists already play an important role in assuring
the safety of drug therapy by assessing potential adverse drug
interactions when a new drug is prescribed, and by providing

information about appropriate substitutions for patients with
drug allergies and concomitant medications that should be
avoided. In some clinical settings, pharmacist scope of practice
has expanded to incorporate identification of alternative ther-
apies to reduce cost or increase safety (e.g., avoid drug-drug
interactions), aswell as other services such as casemanagement
for patients with complex drug regimens.34,35 Pharmacists
have also taken on broader public health responsibilities in
some settings, including the provision of vaccinations,
health screening (e.g., blood pressure, bone density), and, in
some states, prescriptive authority to administer emergency
contraception. Despite success with expanded pharmacy
practice at some institutions, largely in inpatient settings,
the structure of an appropriate collaborative partnership
between pharmacist and physician is not yet well-defined
and warrants further exploration as the use of pharmacoge-
netic tests increases.36

CONCLUSION

The classification of pharmacogenetic tests presented here
provides a framework for identifying and prioritizing the pol-
icy issues that will need to be addressed in the delivery of test-
ing. Although the clinical validation of testing will be critical to
the development of evidence-based guidelines, policy-makers
must also consider the benefits and risks of prospective versus
point-of-care testing including the economics of each type of
testing, identification and disclosure of ancillary information,
mechanisms to securely store and retrieve test results, and shar-
ingofpharmacogenetic results amonghealthprofessionals. These
issues are factors in weighing the overall risks and benefits of test-
ing, andwill influence judgments about, the appropriate scope of
informed consent, and the potential need for genetic counseling.
As a result, pharmacogenetic tests likely fall in between traditional
genetic tests and routine clinical tests with respect to their appro-
priate use and delivery in clinical practice.
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