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Editorial

Translation of pharmacogenetics to clinical 
practice: what will it take?

“...while pharmacogenetics may be a useful tool to guide 
practice in specific situations, it will remain one of many tools 
that a clinician will have in the future to better assist them in 

making safe and efficacious drug therapy decisions.”

Has the time come for pharmacogenetic 
screening to be implemented in routine 
clinical practice? The US FDA lists over 
100 drugs that have a reference to a phar-
macogenetic biomarker in a drug label [101]. 
Examples include: a black box warning 
for clopidogrel recommending CYP2C19 
genotyping prior to use or consideration of 
alternative therapy; a warning that patients 
with the UGTA1*28 allele (which reduces 
the glucuro nidation of irinotecan to the 
active metabolite SN-28) have a higher 
risk of irinotecan-induced neutropenia; 
genotypic-based (CYP2C9 and VKORC1) 
dosage recommendations are provided in 
the drug label for warfarin; and a warning 
concerning excessive metabolism of codeine 
to morphine in ultrafast metabolizers of 
CYP2D6. These examples demonstrate 
how genetic information related to drug 
metabolism influences therapeutics. Media 
attention has been given to the promise 
of individualized medicine/personalized 
health through the use of genomics, such as 
USA Today featuring an article on clopidog-
rel dosing as recently as November 2011 [1]. 
Despite a wealth of published information 
and media attention, the actual implemen-
tation/translation of pharmaco genetics into 
routine practice has not occurred at the rate 
expected [2]. This is reinforced by internal 
data from 2009 (the most recent year of 
available data), which shows that signifi-
cantly less than 1% of patients on cloprodi-
grel had a genetic test performed [Taylor TN, 

Unpublished Data]. This is supported by 
discussions with practitioners (physicians 

and pharmacists) highlighting that genetic 
testing is a tool that is used infrequently to 
guide drug therapy. Furthermore, health-
care payers in the USA provide only limited 
coverage for genetic testing prior to initiat-
ing drug therapy. The cost of these tests is 
covered by insurers when their use is deemed 
medically necessary. Anthem Health (used 
only as an example) provides only two situ-
ations that are evaluated as medically neces-
sary [102]. The first is testing for the genetic 
poly morphisms of HLAB*1502 prior to ini-
tiating carbamazepine therapy in patients 
of Asian descent in whom there is no other 
alternative to carbamazepine. The second is 
testing for CYP2C19 variants in patients on 
or being started on clopidogrel. Genotypic 
testing for the following drugs is considered 
investigational and not medically necessary: 
5-fluoro uracil, antidepressants or antipsy-
chotics, irinotecan, phenytoin, tamoxifen 
and warfarin. What are the reasons for the 
lack of clinical use of pharmacogenetics?

“The US FDA lists over 100 drugs 
that have a reference to a 

pharmacogenetic biomarker in 
a drug label.”

Clopidogrel is one of the few drugs in the 
USA for which genetic testing is evaluated 
as medically necessary. Experience with this 
drug provides an example of many of the 
issues concerning why pharma cogenetics 
and the promise of personalized healthcare 
has yet to become a reality. Clopidogrel was 
approved for use in the USA in 1997, with 
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the first reports concerning the influence of a reduced-function 
CYP2C19 (presence of the CYP2C19*2 allele) polymorphism influ-
encing platelet response occurring in 2006 [3]. In 2009, there were 
reports correlating adverse cardiovascular events with carriers of the 
nonfunctional alleles [4]. Collett et al. demonstrated that in young 
patients with myo cardial infarction that a composite end point 
(death, myocardial infarction or urgent cardiovascular revasculari-
zation) occurred more frequently (odds ratio: 3.69; 95% CI: 1.69–
8.05) in carriers of the CYP2C19*2 allele [5]. Among patients with 
stent replacement, Sibbing et al. demonstrated a higher incidence of 
30-day stent thrombosis in CYP2C19*2 allele carriers [6]. Mega et al. 
demonstrated, in patients with acute coronary syndromes, a higher 
risk of the primary end point (cardiovascular death, myocardial 
infarction or stroke) in patients with reduced-function CYP2C19 
alleles in the TRITON-TIMI trial [7]. In 2010, Malek et al. showed 
an increased overall mortality rate in myocardial infarction patients 
who were carriers of this allele [8]. In the same year (March 2010), 
the FDA issued a black box warning that prescribers should be 
aware of available tests for identifying patients with non functional 
genotypes or use alternative therapy [103]. Approximately 1 year later, 
a systematic review and meta-analysis by Bauer and colleagues con-
cluded that evidence does not support the use of CYP2C19 genotyp-
ing to assist clopidogrel dosing [9]. This meta-analysis specifically 
pointed to small study effects observed in studies that associated 
the nonfunctioning allele with poorer outcomes in patients with 
stent thrombosis. Genotyping for just CYP2C19 as suggested by 
the FDA has also been suggested to provide incomplete informa-
tion concerning all genetic factors that influence the metabolism of 
clopidogrel [10]. Metabolism of clopidogrel is complex, involving a 
two-step process. The first step is an oxidation to 2-oxo-clopidogrel, 
which is catalyzed by multiple cytochrome-P450 isozymes. The 
second step is a hydrolytic cleavage of the g-thiobutyrolactone ring 
of 2-oxo-clopidogrel to the pharmacologically active thiol metabo-
lite catalyzed by paraoxonase-1 esterase (PON1). Bouman et al. 
suggest that this esterase is a key factor involved in the biodegrada-
tion of clopidogrel [10]. The authors found that when evaluating 
variant alleles of CYP2C9, CYP2C19, CYP3A4, CYP3A5, PON1 
and ABCB1 that only those associated with PON1 showed a sta-
tistically significant difference in stent thrombosis rate between 
patients with functional and nonfunctional alleles. This calls into 
question the relevance of the CYP2C19 genotype as an important 
variable in response to clopidogrel. Recently, Hulot et al, reported 
that the CYP2C19*2 allele is a major determinant in antiplatelet 
response in patients with myocardial infarction [11]. This has also 
been reconfirmed by Mega et al., who have shown that patients 
with the CYP2C19*2 allele require triple the dose of clopidogrel 
to achieve the same antiplatelet response as patients with the wild-
type alleles [12]. Combined data still point to the CYP2C19*2 allele 
being a major determinant of response. Concern still remains about 
the clinical utility of pharmaco genetic testing in patients prior to 
receiving clopidogrel. In fact, a recent commentary by Qureshi 
and Hobson questions the clinical utility of genetic testing prior to 
initiating clopidogrel therapy [13]. They suggest that using a more 
direct measurement of response, such as platelet function tests, may 
be a more accurate predictor of response than genetic testing. A 

review by Ahmad et al. specifically recommends against routine 
pharmacogenetic testing prior to initiating clopidogrel [14]. They 
looked to the results of three ongoing trials evaluating the effective-
ness of genome-guided antiplatelet therapy before the effectiveness 
of pharmacogenetic-determined dosing of clopidogrel can be fully 
evaluated. 

The above examples illustrate the controversy that exists within 
the scientific community about making definitive recommenda-
tions for pharmacogenetic testing prior to the initiation of drug 
therapy. This is not the only obstacle. Other factors that influ-
ence the translation of pharmacogenetic principles into clinical 
practice involve education of healthcare professionals in a topic 
that is complex to understand. For example, pharmacogenetics 
is not covered in all pharmacy schools in the USA and for those 
that do cover pharmacogenetics, approximately 40% of schools 
offer less than 10 h of coverage in this area throughout a 4-year 
curriculum [15]. This compares with only 28% of reported US and 
Canadian medical schools having more than 4 h of curricular con-
tent in pharmaco genomics [16]. One can argue that the educational 
exposure of practicing healthcare providers such as pharmacists and 
physicians is substantially less than current graduates and decreases 
with the length of time from graduation. One would expect that 
the majority of practitioners have an inadequate understanding 
of pharmacogenetics to effectively use its principles in practice. 
This gap in educational training versus the knowledge base in this 
field is large and certainly contributes to the lack of translation of 
pharmacogenetics into practice. 

“…practitioners need to better understand the 
principles behind pharmacogenetics and be able to 
clearly understand the benefits of pharmacogenetic 

testing for their practice.”
What will it take for the promises of personalized medicine 

to be realized? First and foremost, healthcare payers need to be 
convinced of the benefits. This will primarily come from data 
derived from genomically guided clinical trials that show the 
cost benefits obtained from genetic testing. The effects observed 
need to be consistent and confirmed with high-quality systematic 
reviews/meta-analyses. Second, practitioners need to understand 
the practical utility of pharmaco genomics. For this to occur, 
practitioners need to better understand the principles behind 
pharmaco genetics and be able to clearly understand the benefits 
of pharmacogenetic testing for their practice. Third, incorpora-
tion of pharmacogenetic principles into evidence-based guidelines 
and decision-making tools (algorithms) needs to occur. This will 
ease and clarify the role of pharmacogentics in practice. Using 
existing tools such as the Pharmacogenomics Knowledge Base 
[104] and the Pharmacogenomics Research Network [105], which 
provide peer-reviewed, evidence-based recommendations for spe-
cific drug–gene pairs, are very useful aids for practitioners. Finally, 
while pharmacogenetics may be a useful tool to guide practice in 
specific situations, it will remain one of many tools that a clinician 
will have in the future to better assist them in making safe and 
efficacious drug therapy decisions.

Slaughter
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