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Abstract

BACKGROUND—L.imited information is available regarding primary care clinicians’ response
to pharmacogenomic Clinical Decision Support (PGx-CDS) alerts integrated in the electronic
health record.

METHODS—In February 2015, 159 clinicians in the Mayo Clinic primary care practice were
sent e-mail surveys to understand their perspectives on the implementation and use of
pharmacogenomic testing in their clinical practice. Surveys assessed how the clinicians felt about
pharmacogenomics and whether they thought electronic PGx-CDS alerts were useful. Information
was abstracted on the number of CDS alerts the clinicians received between October, 2013 and the
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date their survey was returned. CDS alerts were grouped into two categories: alert recommended
caution using the prescription or the alert recommended an alternate prescription. Finally, data
were abstracted regarding whether the clinician changed their prescription in response to the alert
recommendation.

RESULTS—The survey response rate was 57% (n=90). Overall, 52% of the clinicians did not
expect to use or did not know whether they would use pharmacogenomic information in their
future prescribing practices. Additionally, 53% of the clinicians felt that the alerts were confusing,
irritating, frustrating, or that it was difficult to find additional information. Finally, only 30% of the
clinicians that received a CDS alert changed their prescription to an alternative medication.

CONCLUSIONS—Our results suggest a lack of clinician comfort with integration of
pharmacogenomic data into primary care. Further efforts to refine PGx-CDS alerts to make them
as useful and user-friendly as possible are needed to improve clinician satisfaction with these new
tools.
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INTRODUCTION

Pharmacogenomics (PGX) is the study of the role of genetic variation in drug response
phenotypes.(1-4) The effects of genetic variation can range from serious, potentially life-
threatening adverse drug reactions, to lack of therapeutic efficacy. As a result, the clinical
implementation of pharmacogenomics at the point-of-care may make it possible to avoid
adverse drug reactions, maximize drug efficacy, reduce drug-drug interactions, and select
medications based on the genetic profile of individual patients. Over the past decade, a
number of genetic variants with demonstrated clinical utility have been identified and
incorporated into drug labels by the US Food and Drug Administration.(5) There is now
general agreement that pharmacogenomics represents an area within genomic science that
could positively impact clinical medicine. However, the incorporation of pharmacogenomics
into clinical practice has been slow and challenging, even at major academic medical
centers.(6)

Multiple barriers to implementing pharmacogenomics into clinical practice exist, including
availability of testing, evidence-based recommendations for prescribing, and integration of
results into electronic health records (EHR). Several studies have demonstrated that
clinicians feel unprepared to deal with pharmacogenomics information for their patients, and
are unsure about the impact that such information will have on their clinical practices.(7-11)
Thus, one of the largest barriers has been the education of providers about
pharmacogenomics, both generally, and at the time of drug prescribing using clinical
decision support (CDS) tools.

While multiple studies have demonstrated concerns among clinicians regarding use of
pharmacogenomics data in clinical practice, previous studies of the impact of PGx-CDS on
clinical practice have shown mixed results, but have focused predominantly on management
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of patients with a family history of disease or specific cancers.(12) Evidence is therefore
limited regarding the actual impact of available pharmacogenomics data on primary care
practice.

Beginning in January 2013, Mayo Clinic implemented CDS alerts in the electronic drug
prescribing system that provided patient-specific pharmacogenomics information to guide
treatment.(13) In October 2013, primary care clinicians were provided additional
educational materials about pharmacogenomics and online resources to use with their
patients who had undergone pharmacogenomic testing. Clinicians who received the
informational materials were surveyed regarding their perspectives on pharmacogenomics,
and EHRs were abstracted to assess the impact of the alerts on prescribing practices. In this
report, we summarize and describe early clinician experience with pharmacogenomics in the
clinical setting.

METHODS

Setting and Study Participants

Mayo Clinic is a tertiary medical center located in Rochester, Minnesota, which also
supports a large primary care practice for local residents, employees, and their families. Our
study population consisted of 159 primary care clinicians that cared for 1,013 patients
participating in the Right Drug, Right Dose, Right Time Protocol (RIGHT Protocol).(13)
Participants in the RIGHT Protocol research study were sequenced for variants in the
CYP2C19, CYP2CY9, VKORCI, SLCOI1B1, and CYPZD6 genes. In addition, the primary
care clinicians for the RIGHT patients also cared for other Mayo Clinic patients that did not
participate in the RIGHT Protocol, but had received pharmacogenomic testing for clinical
indications to guide dosing of clopidogrel, tamoxifen, or thiopurines. Pharmacogenomic
information is integrated into the Mayo Clinic EHR, and CDS was implemented in 2013 to
guide clinicians in their prescribing choices. In October 2014, the primary care clinicians
comprising our study population were sent a printed packet of materials containing a letter
that described the RIGHT Protocol, a list of their patients that were participating in the
study, and copies of the pharmacogenomic educational materials that their patients received.

The Mayo Clinic CDS Program consists of a multidisciplinary team that includes clinical
experts, pharmacists, clinical informaticians, and information technology analysts that
develop evidenced-based CDS alerts. The PGx CDS interventions (alerts, reminders, screen
changes, problem list documentation, etc.) were designed to deliver the necessary
information and to facilitate further actions including cancelling a medication order, entering
a problem or allergy, and connecting to additional related information in a web-based
educational tool called “AskMayoExpert”.(14) When a clinician enters a prescription order
(either new or renewal) and the patient has relevant genetic test results in the EHR, an
electronic alert lists the patient’s phenotype, along with recommendations to adjust dose or
consider an alternative medication. Links to additional information and educational
materials are also provided (Figure 1).(13) At the time of the survey, 12 CDS alerts had been
implemented in clinical practice (Supplemental Table 1).
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Data Collection

RESULTS

Surveys—In February, 2015, the primary care physicians were sent e-mail surveys to
understand their perspectives on the implementation and use of pharmacogenomic testing in
their clinical practice. Specifically, surveys were designed to assess how these clinicians felt
about pharmacogenomic in general, and whether they thought the corresponding CDS alerts
were useful. Following the initial survey invitation, clinicians received two additional e-mail
reminders at 2 and 4 weeks after the initial contact. Responses to survey questions were
summarized using descriptive statistics.

The patients participating in the RIGHT Protocol(13) were mailed surveys to assess their
satisfaction with and understanding of their pharmacogenomic test results. Details regarding
this survey and data summarizing the patient responses to the survey are summarized
elsewhere.(15) However, in this report, we summarize the RIGHT Protocol patient responses
to the survey question “I am confident that my health care provider will use my
pharmacogenomic information when prescribing medication for me.” Overall, 819 (81%)
RIGHT Protocol patients responded to this question, and responses were collected on a 5-
point scale ranging from “strongly agree” to “strongly disagree”.

Alert data—Following receipt of the surveys, we extracted information on the number of
PGx-CDS alerts the participating clinicians received between October 2013 and the date
their survey was returned for both RIGHT Protocol participants and other patients with
pharmacogenomic information. Two of the authors (JLS and EJB) independently abstracted
final prescription information and information on the pharmacogenomic phenotype of the
affected patients from their EHRs. Differences in abstraction were resolved via consensus
between the reviewers. CDS alerts were grouped into two categories: alert recommended
caution with the prescription or the alert recommended an alternate prescription. If the final
patient prescription differed from the initial prescription that triggered the alert, we
concluded that the clinician had changed the initial prescription in response to the alert
recommendation. Data were summarized using descriptive statistics.

Overall, 90 (57% of 159) of the clinicians returned a survey (Figure 2). Clinician survey
responses are summarized in Table 1. Twenty-six (30% of 87) clinicians noted that
pharmacogenomics was part of their formal training or medical education, and 8 (9% of 90)
had already talked to a patient about their pharmacogenomic results. However, 45 (52% of
86) clinicians did not plan to use, or did not know whether they would use,
pharmacogenomic results in the future, and only 6 (7% of 87) expected to order or
recommend a pharmacogenomic test for their patients in the next 6 months. In contrast to
these results, 614 (75% of 819) patients responding to the RIGHT Protocol survey question
reported that they “somewhat agreed” or “strongly agreed” that their health care providers
would use their pharmacogenomic information when prescribing a medication for them.

Overall, 37 (43% of 87) clinicians remembered seeing a pharmacogenomic alert for at least
one of their patients. Of those that remembered receiving an alert, 12 (33% of 36) reported
only positive responses (thought the alert was helpful, convenient, or easy to understand),
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and 19 (53% of 36) selected only negative responses (thought that it was difficult to find
additional information or that the alert was confusing, irritating, or frustrating). An
additional 5 (14% of 36) providers reported both positive and negative responses. When
asked how to improve the alerts, suggestions included providing specific guidance with
alternative medications, specific recommendations for dose adjustments, and developing
web-based algorithms or care process models.

Among 34 clinicians that received pharmacogenomic alerts, 7 clinicians were excluded
because none of their non-RIGHT patients with alerts gave permission for their EHR to be
used for research or because they had only received alerts that were not related to an eligible
prescription (Figure 2). Figure 3 shows the number of clinicians that received at least one
eligible PGx-CDS alert, and how they responded following the alert. Overall, 50 CDS alerts
were activated for 31 unique patients. Most (47; 94% of 50) of the alerts related to a
potential codeine or tramadol interaction with a CYP2D6 phenotype, 2 (4%) related to a
potential interaction between clopidogrel and a CYP2C19 phenotype, and 1 (2%) related to
a potential interaction with a 7PMT phenotype. Twenty-six (52% of 50) alerts cautioned the
clinician that the prescribed medications might be less effective in their patients, and the
clinicians changed their prescriptions in 3 (12% of 26) of the cases (Figure 3). Twenty-four
(48% of 50) of the alerts recommended an alternate prescription, and the clinicians changed
their prescriptions in 7 (29% of 24) cases (Figure 3). The proportion of prescriptions that
changed was greater when clinicians received an alert recommending an alternate
prescription (29% vs 12%), but the difference was not statistically significant (Fisher’s exact
p value = 0.16). Overall, 8 (30% of 27) of the clinicians changed at least one prescription in
response to a pharmacogenomic alert. In the 40 cases where the prescription did not change,
EHR documentation was available in 6 (15% of 40) cases that indicated the clinician had
reviewed the pharmacogenomic information, but, based on clinical judgment, felt that
changing the prescription was not warranted (e.g. patient had used medication in the past
with no concerns). Finally, most of the patients (24; 77% of 31) had received the prescription
at least once prior to the alert.

DISCUSSION

In this study, we examined the clinician experience with PGx-CDS integrated into the EHR.
Overall, we found that over half of the clinicians that completed surveys did not expect to
use pharmacogenomic information or did not know whether they would use this information
in their future prescribing practices. Additionally, over half of the clinicians that received an
alert felt that the alerts were confusing, irritating, frustrating, or that it was difficult to find
additional information. Finally, when we examined the prescriptions that followed receipt of
an alert, only 30% of the clinicians changed at least one prescription in response to a PGx-
CDS alert.

Over half (53%) of the surveyed clinicians did not find the PGx-CDS alerts to be useful.
These results are consistent with other studies reporting variable satisfaction with and utility
of pharmacogenomic alerts.(16—19) Alert fatigue is a significant problem for clinicians, and
a recent review noted that alerts must be highly sensitive and specific, must be clear and
unambiguous, and must be seamlessly integrated into the work flow in order to be useful to
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clinicians and effective for patients.(20) Further research and efforts to ensure PGx-CDS
alerts meet all of these goals could significantly improve clinician satisfaction.

We also found that about 45% of the survey respondents did not know whether they would
use pharmacogenomic alerts in the future. Appropriate education for these clinicians could
potentially improve satisfaction with the pharmacogenomic alerts. However, while some
studies have found pharmacogenomics education useful,(21, 22) there are considerable
challenges to developing effective educational strategies. In particular, previous studies have
shown that providers have limited time available to pursue education related to
pharmacogenomics.(18, 23) Clinicians desire education at point-of-care to guide
prescribing, which can be costly to develop and to update.(24) Finally, pharmacogenomics is
a relatively new field and broader evidence of the efficacy of pharmacogenomics on clinical
outcomes is needed. If such evidence accumulates, use of pharmacogenomic information
will become standard of care, and may make clinicians more comfortable with the use of
such information in their daily practice.

Importantly, our data suggest a disconnect between patient expectations and actual clinical
practice. Most of the RIGHT Protocol patients from a previous survey believed that their
health care providers would use their pharmacogenomic information when prescribing
medications; however, over half of the clinicians surveyed did not expect to use, or did not
know whether they would use, pharmacogenomic information in the future. This disconnect
is especially problematic for clinicians because patient perspectives on the use of genomic
data for personalized care may be significantly influenced by the media and for-profit
genetic testing companies, which can market directly to consumers. For example, recent
articles in the New York Times highlight the “Promise of Genetic Testing in Medicine”,(25)
while an additional on-line article highlights a new partnership between RiteAid pharmacies
and Harmonyx, a genetic testing company, to offer a range of genetic tests directly to
consumers.(26) Such stories highlight the enthusiasm for use of genetic testing in clinical
practice, but clinician engagement will be key to ensuring that genetic information is
actually translated into clinical care. Patients typically do not have the background
knowledge to fully interpret their genetic data, and independent companies marketing these
tests are not typically integrated with health care systems. Direct-to-consumer
pharmacogenomic testing has been associated with increases in physician utilization,
because patients will bring genetic testing results to the attention of their health care
providers.(27) However, our data indicate that clinician concerns about use of
pharmacogenomic information may pose one possible stumbling block toward integration
and use of genomic testing into care, and could prevent pharmacogenomic data from being
fully utilized in clinical practice.

Previous studies have indicated that computerized alerts often have positive effects on
electronic prescribing practices,(28) but reports of overrides of such alerts have ranged from
49-96%.(29) Data on CDS alerts specific to pharmacogenomics are more limited, but Bell
and colleagues reported that alerts were over-ridden only 5% of the time among pediatric
patients with lymphoma or leukemia.(30) By contrast, Goldspiel and colleagues found that
overrides of alerts for pediatric patients prescribed abacavir, allopurinol, and carbamazepine
occurred in 90% of the prescriptions. In the majority of these cases, the clinician noted that
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the patient was already taking the medication with no adverse events.(31) Our data are in
agreement with results seen for general computerized alerts, and results reported by
Goldspiel et al. Overall, 70% of the clinicians in our study that received a PGx-CDS alert for
their patients did not change their initial prescription to an alternative medication. It was not
possible for us to ascertain the rationale for the final prescriptions from most of the EHR
notes. However, if the patient had tolerated the prescription in the past with no adverse
effects, the clinician may not have felt the need to change the prescription, regardless of the
availability of the new pharmacogenomic information. In support of this hypothesis, most of
the patients in this study (77%) had received the same prescription at a prior date.
Pharmacogenomic information may therefore be most useful for patients that receive a new
prescription for the first time. In addition, prescribing decisions are probably guided by the
likely severity of the outcome. As noted above, Bell and colleagues found that PGx-CDS
recommendations in their patient population were rarely over-ridden. However, the CDS
alerts in that study were for pediatric cancer patients, and failure to change the prescription
could result in severe patient outcomes (e.g. myelosuppression).(30) In our study, the PGx-
CDS alerts noted that the patients would respond less well to the prescribed medications, but
the medications were typically not completely contraindicated. Since pharmacogenomics is
a relatively new field, the likely repercussions of failing to change a prescription are not
known for all medications. In many cases, failing to change a prescription may not be life-
threatening, and may not significantly change key health outcomes. Additional data are
therefore urgently needed to assess the impact of pharmacogenomics on relevant clinical and
health care outcomes.

Limitations of our study include the relatively low survey participation rate. Survey response
rates among health care providers have been consistently declining over time, and response
rates among physicians tend to be lower than response rates in the general population.(32)
Our 57% response rate is similar to or greater than other survey responses observed among
primary care providers, and is very close to the minimum 60% response rate required by
some medical and public health journals.(32) However, it is still possible that clinicians that
participated in our study may differ from those that did not participate. For example, those
that were particularly satisfied or dissatisfied with the CDS alerts may have been more likely
to respond to the survey, and actual rates of dissatisfaction may be higher or lower than
reported. In addition, our results represent the experience of a single institution, and these
results may not be generalizable to other settings. Mayo Clinic is a large, tertiary referral
center with a well-integrated primary care practice. As such, primary care providers at this
institution often have more resources available than smaller, independent primary care
practices. The primary care physicians at this site might be expected to be more willing to
accept new health care initiatives compared to physicians at other sites, and our results may
therefore represent best case scenarios for integration of pharmacogenomics into clinical
practice. Finally, the small number of actionable alerts received during the study period may
make our estimates of clinician agreement with alert recommendations unstable.

CONCLUSION

Our results indicate that clinicians are not comfortable with the integration of
pharmacogenomic data into their clinical practice. Since most patients expect that their
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pharmacogenomic data will help guide their care decisions, further efforts to educate
clinicians about the utility of pharmacogenomic data for clinical practice, and efforts to
refine PGx-CDS alerts to make them useful and user-friendly, may close the gap between the
clinician’s approach and patient expectations.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Significance

Implementation of pharmacogenomics (PGXx) at the point-of-care may make it
possible to optimally select medications based on a patient’s genetic profile.

Our study indicates that primary care providers are not comfortable with
using PGx data in routine practice, and overrides of electronic PGx clinical
decision support alerts are common.

Further efforts are needed to optimize the clinical use of PGx data.
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@ MICS Decision Support System

o MICS Decision Support System

Pharmacogenomics Alert: Cytochrome P450 Enzyme(s)

Metabolizer CYP2D6 Ultra Rapid

Recommendation

Based on this patient’s CYP450 enzyme phenotype(s) and unissued medication order(s):

toxicity. May consider avoiding tramadol.; see AME link for details.

If this alert is an error or you have questions send an email to mcscds@mayo.edu

Acetaminophen-Codeine Tab PO and Metabolizer CYP2D6 Ultra Rapid: Avoid codeine due to potential for

11

Figure 1.
Example of a PGx-CDS alert.
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Figure 2.
Flow chart of the study participants. Data are reported for the participants in the dark grey

boxes (survey respondents and survey respondents who received at least one eligible alert).
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Figure 3.
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Flow chart of the number and types of eligible alerts received during the study period, the
number of clinicians and patients affected by each alert, and the clinician response to the

alert.
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Table 1
Summary of Clinician Responses to the Survey
All respondents

Question N* %
Pharmacogenomics was part of training/medical education 26/87 30
Talked to a patient about pharmacogenomics results 8/90 9
Plan to use pharmacogenomics results in the future to: t

Guide future prescribing selection when appropriate 32/86 37

Guide future dosing when appropriate 27/86 31

Call for pharmacy consultation 17/86 20

Do not plan to use 6/86 7

Do not know at this time 39/86 45
Expect to order or recommend a pharmacogenomic test in next 6 months 6/87 7
Remembered receiving the informational packet 27/90 30

Informational packet was at least somewhat helpful’t 19/27 70
Remembered seeing a drug-gene alert 37/87 43

Sometimes, often, or always changed the prescription due to alerts 15/37 4
Perception of the PGx-CDS alert$:

Positive response (alert was helpful, convenient, or easy to understand) 12/36 33

Negative response (alert was confusing, irritating, frustrating, or it was difficult to find additional information) 19/36 53

Both positive and negative responses 5/36 14

*

Non-missing values reported; responders not shown, and not included in the percentages based on non-missing values.
fRespondents could check all that applied.
iDenominator is the 27 participants who remembered receiving the informational packet.

§Den0minat0r is the 37 participants who remembered seeing a drug-gene alert.
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