
Considerations for
pharmacogenomic testing in

a health system

In their recent article, Vassy et al. described the approach of
the Veterans Health Administration (VHA) Clinical Pharma-
cogenetics Subcommittee (“the Subcommittee”) to provide
recommendations for ordering individual pharmacogenetic
tests to guide the prescribing of medications for which there is
strong evidence for use and guidelines available from the
Clinical Pharmacogenetics Implementation Consortium
(CPIC; www.cpicpgx.org).1 Although each of the 30 gene/
drug pairs evaluated have CPIC recommendations of level A
strength (“preponderance of evidence is high or moderate in
favor of changing prescribing”), the Subcommittee deter-
mined that 4 (13%) of the 30 pharmacogenetic tests should be
strongly recommended before prescribing, 12 (40%) should be
recommended, and 14 (47%) should not be routinely
recommended. Reasons cited for not routinely recommending
testing included if the drug was already in widespread use
across the VHA and thus recommending routine testing
would cause undue burden on the health-care system or if the
problematic variants were relatively rare. In some cases, the
reason cited was that improved patient outcomes with testing
are not established, although the authors acknowledged that
they did not conduct a systematic review of the literature to
reach this conclusion. The premise of the Subcommittee’s
work rests on a reactive genotyping approach—ordering
single-gene tests only when a relevant medication will be
prescribed. However, the key assumption underlying the
CPIC guidelines is that pharmacogenetic testing will become
more widespread over time, and the pivotal question for
clinical practice will not be whether to order a pharmacoge-
netic test, but rather what to do with the test result already in
hand. With the plummeting costs of genetic sequencing and
the rise of direct-to-consumer genetic testing, we are quickly
approaching a future where clinicians will be routinely faced
with integrating existing pharmacogenetic test results into
their prescribing decisions.2

CPIC was formed in 2009 as a shared project between the
Pharmacogenomics Research Network and the Pharmacoge-
nomics Knowledgebase (PharmGKB; www.pharmgkb.org).3

CPIC brings together international clinicians and gene experts
to create consensus guidelines describing how to use
pharmacogenetic tests to optimize medication therapy. CPIC
guidelines adhere to the National Academy of Medicine’s
Standards for Developing Trustworthy Clinical Practice
Guidelines, and recommendations are formulated based on

a systematic review of the evidence for a given gene/drug
association as well as the evidence that supports alternative
therapy in those with high-risk genotypes.3 The type of
evidence varies and includes randomized controlled trials
(RCTs) with pharmacogenetic-based prescribing versus
standard care (not common for many gene/drug pairs),
preclinical and clinical studies demonstrating that drug effects
or concentration are linked to functional pharmacogenetic
loci, case reports associating genetic variants with drug
response, in vivo pharmacokinetic/pharmacodynamic studies,
and in vitro metabolic and/or transport capacity studies.
RCTs are often touted as the gold standard by which clinical

utility must be measured. However, with respect to pharma-
cogenetic associations, it is important to note that RCTs may
not be necessary, practical, or ethical, and that clinical
decision making based on other evidence sources is warranted
and acceptable. Indeed, for many gene/drug associations, it
would arguably be unethical not to act on certain pharma-
cogenetic test results based on available, non-RCT data. The
Subcommittee deemed some of these “not routinely recom-
mended” (e.g., CYP2C19/clopidogrel). This label could be
misleading to the nonexpert, who may interpret “not
routinely recommended” as “not clinically useful,” when this
is not the case. More than half of the CPIC actionable gene/
drug pairs are based on genetics of drug-metabolizing
enzymes that have a direct impact on the pharmacokinetics
of the drug, making prescribing based on genetics analogous
to prescribing based on changes in liver function or renal
function—a common practice based on basic pharmacologic
principles, but not backed up by randomized trials.
As health-care institutions look to implement pharmaco-

genetic testing, pre-emptive testing for an array-based gene
panel may be a more favorable and cost-effective approach
compared with reactive testing.4–6 Pharmacogenetic tests have
lifelong utility, and many genes may be relevant to the
prescribing of several medications. Pre-emptive testing also
eliminates concerns surrounding turnaround time for results,
as test results are already available in the electronic health
record at the point of prescribing. Studies from centers with
established pre-emptive pharmacogenetic testing services
have shown that the great majority of patients harbor at least
one high-risk variant that warrants a change from usual
prescribing to avoid an undesirable drug response.7–9 A recent
study of pharmacogenetic testing in patients with polyphar-
macy over the age of 50, which is likely generalizable to the
VHA population, showed that using the test results to
optimize therapy reduced the rate of rehospitalizations and
emergency department visits compared with controls who
received standard care.10 For some gene/drug pairs that the
Subcommittee labeled as “not routinely recommended,” they
include an annotation noting that testing may be considered
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for patients who have already experienced toxicity (e.g.,
fluoropyrimidines) or therapeutic failure (e.g., clopidogrel).
However, this approach undermines the promise of pharma-
cogenetic testing, which is to avoid untoward drug responses
in the first place. Using pharmacogenetic test results up front
to guide therapy will yield the most value for the patient.
In summary, CPIC guidelines provide evidence-based

prescribing recommendations for gene/drug pairs, many of
which are supported by a high level of evidence. These
guidelines are developed with the underlying assumption that
the clinician already has access to the patient’s pharmacoge-
netic test results. Assessments of clinical utility that assume a
model of single-gene, reactive testing are not consistent with
the coming era of broad pre-emptive genomic testing.
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