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Aim: This study aimed to examine pharmacogenomic test results and patient 
perspectives at an academic cardiovascular medicine clinic. Patients & methods: Test 
results for three common cardiovascular drug–gene tests (warfarin-CYP2C9-VKORC1, 
clopidogrel-CYP2C19 and simvastatin-SLCO1B1) of 208  patients in the Ohio State 
University-Coriell Personalized Medicine Collaborative were examined to determine 
the incidence of potentially actionable test results. A post-hoc, anonymous, patient 
survey was also conducted. Results: Potentially actionable test results for at least 
one of the three drug–gene tests were determined in 170 (82%) patients. Survey 
responses (n = 134) suggested that patients generally considered their test results to 
be important (median of 7.5 on a 10-point scale of importance) and were interested 
(median of 7.3 on a 10-point scale of interest) in a Clinical Pharmacogenomic Service. 
Conclusion: Attitudes toward pharmacogenomic testing were generally favorable, 
and potentially actionable test results were not uncommon in this cardiovascular 
medicine cohort.
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Pharmacogenomic (PGx) testing, a cor-
nerstone of personalized medicine  [1], can 
inform drug- and dose-selection strategies 
to improve drug efficacy and decrease risk 
of adverse drug effects. The incorporation 
of PGx into routine clinical care, however, 
has been limited by several factors includ-
ing the complexities of interpreting genotype 
data [2], lack of PGx education and training 
for prescribers [3], and limited evidence dem-
onstrating improved clinical outcomes  [4]. 
Difficulties related to delays in acquiring 
test results and limited financial reimburse-
ment from health insurance companies have 
limited clinical implementation as well  [2,5]. 
Studies examining attitudes toward PGx 
testing have focused generally on physicians 
and other health care providers (e.g., nurses, 

pharmacists and genetic counselors) [2,3,5–13]. 
Patient perspectives on PGx testing have also 
been reported  [4,10,13–18]. Although attitudes 
have generally been favorable, concerns per-
sist regarding privacy, financial reimburse-
ment and proper use of test results. Assess-
ment and consideration of the attitudes of 
patients and providers will remain critical as 
advancements continue in PGx and person-
alized medicine. This Short Communication 
adds to the findings of a previously published 
randomized controlled trial, the Ohio State 
University-Coriell Personalized Medicine 
Collaborative (OSU-CPMC)  [19]. For this 
current analysis, the individual and collective 
incidences of potentially actionable results 
for three common cardiovascular drug–
gene tests (warfarin-CYP2C9-VKORC1, 
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clopidogrel-CYP2C19 and simvastatin-SLCO1B1) 
were determined, and the aggregate results from a 
post-hoc, anonymous, patient survey were evaluated.

Methods 
Patients & participation
Two hundred and eight patients diagnosed with hyper-
tension and/or congestive heart failure were enrolled in 
the OSU-CPMC. Oversight was provided by the Insti-
tutional Review Boards (IRBs) at both OSU and the 
Coriell Institute for Medical Research. Details regard-
ing the design, recruitment, enrollment and implemen-
tation of the OSU-CPMC have been reported  [19–22]. 
Briefly, consented participants provided medical, 
family, lifestyle and medication histories via a series 
of online surveys and provided saliva samples for 
genotyping. Genetic risk factors, family history and 
nongenetic risk influences (e.g.,  BMI) were utilized 
to generate personalized risk assessments for seven 
PGx tests (Supplementary Table  1). Participants were 
provided their results and were randomized to and 
received in-person genomic counseling from licensed 
board-certified genetic counselors in a hospital-based 
setting at the OSU academic medical center. Personal-
ized reports were provided to participants (via mailed 
paper copies and via the online OSU-CPMC secure 
web portal) and to their health care team (via OSU’s 
EPIC© electronic medical record system).

PGx testing & surveys
PGx testing, utilizing the Affymetrix Genome-
Wide Human SNP 6.0 and DMET Plus genotyp-
ing arrays, was performed at a Clinical Laboratory 
Improvement Amendments (CLIA)-approved labo-
ratory at the Coriell Institute for Medical Research 
(NJ, USA). The three cardiovascular drug–gene tests 
(warfarin-CYP2C9-VKORC1, clopidogrel-CYP2C19 
and simvastatin-SLCO1B1) were selected for this 
analysis because these drugs are widely prescribed 
and because official guidance exists to readily deter-
mine whether test results were potentially actionable. 
Official guidance from the US FDA and/or the Clini-
cal Pharmacogenetics Implementation Consortium 
(CPIC) was used to evaluate the drug–gene(s) test 
results, and a test result was determined to be poten-
tially actionable if consideration for a dose adjustment 
or alternative treatment was recommended in the 
FDA-approved prescribing information. The ‘dosing 
recommendations with consideration of genotype’ 
table for warfarin provides dosing recommendations 
based on VKORC1 and CYP2C9 status  [23]. For this 
analysis, warfarin-CYP2C9-VKORC1 drug–gene test 
results were considered potentially actionable when 
VKORC1/CYP2C9 genotype indicated a nonstandard 

(5  mg/day) starting dose of warfarin  [23]. The low-
est and highest ranges of daily warfarin dose recom-
mended in the VKORC1-CYP2C9 table are 0.5–2 mg 
and 5–7  mg, respectively  [23]. Official guidance for 
interpreting clopidogrel-CYP2C19 drug-genotype 
tests is provided in the FDA-approved drug label 
and more detailed information is provided in CPIC’s 
table, ‘antiplatelet therapy recommendations based 
on CYP2C19 status when considering clopidogrel for 
acute coronary syndromes patients undergoing percu-
taneous intervention’  [24]. For this analysis, clopido-
grel-CYP2C19 drug-genotype test results were consid-
ered potentially actionable when CYP2C19 genotype 
indicated either poor metabolizer (PM) or intermediate 
metabolizer (IM) phenotype status [24]. Prescribers are 
recommended to consider an alternate platelet P2Y

12
 

inhibitor (e.g., prasugrel, ticagrelor) for those patents 
with genotype-defined IM or PM phenotype sta-
tus [24]. Official guidance for interpreting simvastatin-
SLCO1B1 drug-genotype tests is provided in CPIC’s 
table, ‘recommended dosing of simvastatin based on 
SLCO1B1 phenotype’  [25]. For this analysis, simvas-
tatin-SLCO1B1 test results were considered potentially 
actionable when the patient’s SLCO1B1 genetic status 
was consistent with intermediate or high myopathy 
risk categories  [25]. Per CPIC recommendations, pre-
scribers should prescribe a lower dose of simvastatin or 
consider an alternative statin (e.g., pravastatin or rosu-
vastatin) in those patients with genotype-determined 
intermediate or high myopathy risk  [25]. Individual 
(Figure 1) and summative counts of potentially action-
able genetic test results for the three drug–gene(s) tests 
were determined.
Patient perspectives toward PGx testing were que-
ried with a six-question, anonymous, post-hoc survey 
(Supplementary Figure  1) that was mailed (via regu-
lar US postal service) to OSU-CPMC participants 
(n = 208) in January 2016. Developed by the authors to 
gain insight on patient attitudes toward PGx testing in 
this cohort, the post-hoc survey (not formally validated) 
was approved by the OSU Biomedical Sciences IRB. 
Responses to survey questions were examined, median 
and quartile values were determined for ordinal data 
(Questions 1–4), mean and standard deviation were 
determined for continuous data (Question 5), and 
count and percentage were determined for categorical 
data (Question 6).

Results
As shown in Figure 1, 132 (63%), 37(18%) and 59 
(28%) participants had potentially actionable test 
results for warfarin-CYP2C9-VKORC1, clopidogrel-
CYP2C19 and simvastatin-SLCO1B1 drug–gene(s) 
tests, respectively. Summative analysis determined 
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Figure 1. Incidence of actionable and nonactionable genetic test results. The incidence of test results for three 
common cardiovascular drug–gene tests (warfarin-VKORC1-CYP2C9, clopidogrel-CYP2C19 and simvastatin-
SLCO1B1) were examined in the Ohio State University-Coriell Personalized Medicine Collaborative (OSU-CPMC) 
chronic disease cohort (n = 208).
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that 170 (82%) participants had potentially action-
able test results for at least one of the three drug–gene 
tests. Sixty-nine patients (33.2%) had two potentially 
actionable test results, and 17  patients (8.2%) had 
three potentially actionable test results.

One-hundred thirty-four (64%)  patients of the 
OSU-CPMC cohort participated in the anonymous, 
post-hoc survey. Analysis of the survey responses from 
survey Questions 1–5 is presented in Table 1. Patient 
survey responses suggested participants generally con-
sidered their PGx test results important (median 7.5 
on a 10-point scale of importance) and believed their 
physician had a good understanding of their PGx test 
results (median 7.1 on a 10-point scale of understand-
ing). In addition, patient survey participants were 
interested (median 7.3 on a 10-point scale of inter-
est) in the development of a Clinical PGx Service at 
the OSU academic medical center. The mean out-of-
pocket amount that survey participants were willing to 
pay for utilizing a Clinical PGx Service was 56.30 USD 
(standard deviation of 81.30 USD). Responses to 
Question 6 (relative amount participants were willing 
to pay) indicated that most (76%) were willing to pay 
an amount equal to or greater than that paid for other 
specialty health care services.

Discussion & future perspective
The frequencies of VKORC1, CYP2C9, CYP2C19 and 
SLCO1B1 polymorphisms observed in this analysis were 
consistent with those reported in other cohorts [25–28]. 
As polymorphisms in these genes do not affect dis-
ease risk (i.e., they affect only the drug metabolism or 
transport or pharmacologic target), neither enrichment 

nor deficit of the polymorphisms was expected in this 
patient cohort. It is important to recognize this was 
not an enriched cohort and the frequent occurrence of 
potentially actionable PGx test results suggests routine 
testing of these three cardiovascular drug–gene(s) tests 
may prove worthwhile in similar patient populations. 
Even though only about a third of this patient cohort 
was prescribed one or more of the target medications at 
baseline, diagnoses of hypertension and/or heart fail-
ure increase the likelihood that the remaining partici-
pants also may be prescribed one or more of the target 
medications in the future.

Although the post-hoc survey was not formally 
validated and anonymity did not allow for examining 
whether potential actionability of the test results influ-
enced patient’s attitudes toward PGx testing, responses 
to the survey suggest that patients generally held favor-
able views of PGx testing. This finding is consistent with 
previous reports that examined patient perspectives in 
the USA and Europe [13–17]. Interestingly, most respon-
dents reported that they were willing to pay an out-of-
pocket amount equal to or greater than the amount paid 
for other health care specialty services. The mean value 
patients indicated they were willing to pay 56.30 USD, 
but the randomness of the responses (large standard devi-
ation, 81.30 USD) limits the interpretation of this find-
ing. Future queries may yield more meaningful results if 
answer options containing appropriate cost ranges were 
provided (e.g., 0–25, 25–50, 50–75, 75–100 USD).

The adoption of routine PGx testing remains lim-
ited. Although multifactorial, some barriers (e.g., pre-
scriber buy-in, complexities of interpreting PGx test 
results, limited familiarity and knowledge of PGx 
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training among health care professionals), might 
be overcome, at least in part, by further inclusion of 
genetics, genomics and hands-on PGx training in 
medical schools and other medical education pro-
grams [29,30]. Integrated team approaches (e.g., genetic 
counselors and pharmacists to provide support to both 
the patient and the prescriber) to clinical implemen-
tation of PGx may help also to move clinical PGx 
applications forward  [31]. Importantly, the findings 
from recent studies involving two institutions in the 
Clinical Sequencing Exploratory Research consortium 
and involving the several institutions of the Electronic 
Medical Records and Genomics network strongly sug-
gest that improved access to genomic data in electronic 
medical records systems remains vital to supporting 
clinical implementation of PGx testing [32–34].

Importantly, the adoption of routine PGx testing 
has been hindered by substantial discord regarding 
whether implementation truly improves clinical out-
comes. Considerable evidence exists to suggest poten-
tial improvements, but incontrovertible evidence 

(e.g., prospective randomized controlled trials, RTCs) 
of improvements in specific clinical outcomes is lack-
ing for many potentially important drug(s)–gene(s) 
tests. For the three PGx tests considered in this article, 
the neutral perspectives of the FDA recommendations 
reflect the lack of consensus among and within expert, 
clinician, research and regulatory groups. Currently, 
the FDA-approved drug labels provide prescribing 
recommendations for consideration when PGx test 
results are known.  Advances in clinical implementa-
tion of PGx testing are expected to continue, but the 
rate of advancement remains attenuated largely due to 
the paucity of RCT data supporting improved clinical 
outcomes and cost/benefit relationships.

Conclusion
In this analysis of 208 patients with hypertension and/
or heart failure in the OSU-CPMC cohort, potentially 
actionable results among three drug–gene(s) tests 
(warfarin-CYP2C9-VKORC1, clopidogrel-CYP2C19 
and simvastatin-SLCO1B1) were frequent. Specifically, 
170 (82%) had a potentially actionable test result for at 
least one of the three, and 69 (33.2%) and 17 (8.2%) 
had two and three potentially actionable results, respec-
tively. The majority of patients (64%) responded to a 
post-hoc survey, and responses suggested that patients’ 
attitudes toward PGx testing were generally favorable. 
Future studies regarding the perspectives of patients, 
prescribers and other health care workers and future 
studies examining clinical impact (e.g.,  incidence of 
actionable test results, effect on prescriber dose and 
medication selections, impact on specific clinical 
outcomes) are warranted.

Table 1. Responses to post-hoc survey.

Question n Mean Standard 
deviation

1st 
quartile

Median 3rd 
quartile

1 135 – – 6.5 7.5 8.8

2 134 – – 5.0 7.0 8.1

3 105 – – 4.9 7.1 8.4

4 131 – – 5.2 7.3 8.5

5 75 56.30 81.30 – – –

Questions #1–4 were scored using a 10-point visual analog scale. Question #5 was 
answered in US Dollars.

Executive summary

•	 Potentially actionable results among three drug–gene(s) tests (warfarin-CYP2C9-VKORC1, clopidogrel-
CYP2C19 and simvastatin-SLCO1B1) were frequent in this cohort of 208 patients with hypertension and/or 
heart failure.

•	 Eighty-two percent of the patients had potentially actionable test results for at least one pharmacogenomic 
(PGx) test when considering the results of all three cardiovascular drug–gene(s) tests.

•	 Most studies on attitudes toward PGx testing have focused on physicians and other health care providers 
(e.g., nurses, pharmacists and genetic counselors), and some have included also the perspectives of patients.

•	 A post-hoc, anonymous patient survey (response rate of 64%) was conducted to gain insight on attitudes 
toward PGx testing in a cohort of patients with hypertension and/or heart failure.

•	 Survey responses indicated that patients generally felt that PGx testing was important (median 7.5 on a 
10-point scale of importance), had high confidence in their physician’s understanding of the PGx test results 
(median 7.1 on a 10-point scale of understanding), and had a high level of interest in the development of a 
Clinical PGx Service (median 7.3 on a 10-point scale of interest).

•	 Survey responses indicated that most (76%) were willing to spend an out-of-pocket amount equal to or 
greater than the amount paid for other specialty care services.

•	 Future studies regarding the perspectives of health care providers and patients toward PGx testing are 
needed, especially as advancements continue in PGx and personalized medicine.

•	 Prospective randomized controlled trials examining clinical impact (e.g., incidence of actionable test results, 
effect on prescriber dose and medication selections, impact on specific clinical outcomes) are warranted to 
better characterize the clinical utility of PGx testing.
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