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Abstract

Purpose—Electronic health records (EHRs) and their associated decision support tools are
potentially important means of disseminating a patient’s pharmacogenomic profile to his or her
health-care providers. We sought to create a proof-of-concept decision support alert system
generated from pharmacogenomic incidental findings from exome sequencing.

Methods—A pipeline for alerts from exome sequencing tests was created for patients in the New
EXome Technology in (NEXT) Medicine study at the University of Washington. Decision support
rules using discrete, machine-readable incidental finding results were programmed into a
commercial EHR rules engine. An evaluation plan to monitor the alerts in real medical interactions
was established.

Results—Alerts were created for 48 actionable pharmacogenomic variants in 11 genes and were
launched on 24 September 2014 for University of Washington inpatient care. Of the 94
participants enrolled in the NEXT Medicine study, 49 had one or more pharmacogenomic variants
identified for return.

Conclusion—Reflections on the process reveal that while incidental findings can be used to
generate decision support alerts, substantial resources are required to ensure that each alert is
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consistent with rapidly evolving pharmacogenomic literature and is customized to fit in the clinical
workflow unique to each incidental finding.
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Genomic medicine; pharmacogenomics; electronic medical records; clinical decision support;
clinical informatics

INTRODUCTION

Pharmacogenomics can be used to improve prescribing outcomes and reduce adverse drug
events,! but there are numerous hurdles to implementing it in standard medical care.?
Electronic health records (EHR) and their associated decision support tools seem to be
essential in addressing the challenge of disseminating an individual’s pharmacogenomic
profile to his or her providers. A number of institutions have created decision support
systems with pharmacogenomic data from targeted gene tests,3~7 but none to our knowledge
have used data from exome sequencing.

Exome sequencing is unique compared with targeted genetic tests because it captures a
broader range of data that may include incidental findings — “pathogenic or likely
pathogenic alterations in genes that are not apparently relevant to a diagnostic indication for
which the sequencing test was ordered.”® A given exome sequencing test may produce
thousands of incidental findings with varying degrees of clinical relevance.8:° Findings with
pharmacogenomic implications could be utilized for patient care, offering the attractive
potential of preemptive pharmacogenomics — that is, sequencing data stored in a patient’s
HER and immediately available to help guide care if the patient is ever prescribed an
associated medication.

We report a case study of medication alerts generated from pharmacogenomic findings of
exome sequencing results using a commercial EHR system.

MATERIALS AND METHODS

The New EXome Technology in (NEXT) Medicine study is a randomized controlled trial in
which patients with a personal and/or family history suspicious for hereditary colon cancer/
polyps are randomized to receive usual care or usual care supplemented with exome
sequencing. Exome sequencing is performed at the university’s Northwest Clinical
Genomics Laboratory. Variants are prioritized for clinical relevance by a clinical molecular
geneticist (M.0.D.), a clinical geneticist (G.P.J.), and a genetic counselor (L.M.A.) for
presentation to two committees composed of physicians from various specialties,
researchers, and ethicists. The nine-member NEXT Medicine Variant Subcommittee reviews
challenging variants, determines classifications, and develops reporting language. If there
are additional concerns, the Variant Subcommittee consults the 23-member NEXT Medicine
Return of Results Committee, which is charged with establishing principles and processes to
define an “actionable” gene across the consortium.
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Returned pharmacogenomic findings incidental to the primary indication for testing
(hereditary colon cancer risk) were required to be clinically actionable with a moderate to
strong degree of literature-based evidence. They also were selected by their ability to be
captured by current technologies and their relevance for study participants. Selection of
incidental findings considered for return of results is outlined in detail elsewhere.10

Discrete laboratory reports were created through the University of Washington, Department
of Laboratory Medicine to capture pharmacogenomic findings as machine-readable results
in the EHR (PowerChart; Cerner, Kansas City, MO). University of Washington Information
Technology Services built decision support rules to trigger alerts based on these findings.
The rules leveraged preexisting drug—laboratory result rule templates (e.g., penicillin with a
penicillin allergy test result). Content for each alert was generated through an iterative
process that involved the NEXT Medicine Variant Subcommittee and physicians from
multiple specialties. A prototype of the alert was reviewed by physicians, and feedback was
incorporated into revisions of the alerts (unpublished data).

An ongoing evaluation plan will allow us to assess the alerts in real medical interactions.
Activity will be monitored through automated logging of data regarding when the alert fires,
in which department, and how the provider responds to the alert. All providers who
encounter the alerts will be asked to complete a survey assessing their perspectives on alert
design and content.

RESULTS

The NEXT Medicine study committees established a list of 48 actionable pharmacogenomic
variants in 11 genes to return to patients and their providers as incidental findings (Table 1).

In the laboratory result system, incidental findings are structured as paired results: one result
is a binary indicator for the presence of abnormal gene activity (e.g., a patient with an
actionable CYP2C19variant is documented as positive for “abnormal CYP2C19function”);
the second result contains text about the variant and its clinical significance. Both results are
stored within the lab results section of a patient’s EHR and are machine-readable, allowing
them to be utilized by decision support rules engines. In addition, a full report of the
returned findings in each participant’s exome is available as two structured, free-text
documents that are stored as portable document format files within the EHR.11

The alerts (Figure 1) include a title, variant—drug interaction text, pharmacist contact
information, lab result name, and access to Clinical Pharmacogenetics Implementation
Consortium guidelines.12 Most alerts fire when a provider submits a medication order for a
patient with a relevant gene abnormality documented in the lab result system. The alert
allows for three actions: “Cancel Order” eliminates the order and returns to the main order
entry screen; “Modify Order” returns to the order entry for the specific drug; and “Override
Alert” continues with the existing order. For genes that impact the response to many
medications (e.g., HFE), the alert fires when the patient’s record is opened. Alerts are
distinct in color and design from drug—drug interaction alerts for added emphasis among
health-care providers.
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Alerts were launched on 24 September 2014 in the University of Washington Cerner EHR
used for inpatient care. Of the 94 participants enrolled in the NEXT Medicine randomized
controlled trial, 54 had exome sequencing completed. Of these 54 participants, 49 had one or
more pharmacogenomic variants identified for return.

Discussion

Our proof of concept reveals it is possible to use incidental pharmocogenomic findings from
exome sequencing to create decision support alerts, which holds exciting prospects for the
future of preemptive pharmacogenomic management. During the development process,
however, we encountered notable technical and curatorial challenges.

Our binary test result has the benefits of simplicity but fails to capture some information. For
example, CYP2C19*2and CYP2C19%*17 are variants with different pharmacokinetic
impacts on clopidogrel (slow versus rapid metabolism, respectively) but are documented
identically in our laboratory report system. Unless our providers refer to the full lab report,
they are alerted only to the fact that the gene is “abnormal.” Documenting lab results with
more granularity would allow for more specific alerts, but it would also require a dramatic
increase in labor to create and refine the laboratory result ontology.

Laboratory result systems are not the only technology unaccustomed to genomic data;
existing EHR systems are similarly unequipped. The constraints of our decision support
platform prevented us from including a link to the patient’s full genomic lab report within
the alerts—a popularly requested feature among physicians—and from having certain alerts
fire only for specialists likely to prescribe the associated medication (e.g., 7PMT and
thiopurines could be targeted to oncologists). Customizations that can be built into existing
decision support tools help reduce unnecessary alerts but demand ample planning and labor
costs. Because our warfarin alerts are triggered by four variants from three genes, it was
necessary for our information technology staff to generate conditional statements to prevent
multiple alerts from firing simultaneously for a patient with more than one such variant.
These technical issues are not insurmountable, but they require time and consideration
before the alert launch; failure to address them would likely lead to redundant alerts and
subsequent alert fatigue.13:14

Evidence curation is another time-consuming task complicated by the rapidly evolving field
of pharmacogenomics. Recent trials regarding warfarin exemplify how conflict about the
impact of genotyping on patient outcomes and cost-effectiveness exists among various
professional societies.1>-18 Thus, we found it prudent to avoid direct commands in alerts.
The alert for clopidogrel and CYP2C19variants states, “Consider using prasugrel or
alternative agent,” rather than, “Use prasugrel.”

Our recommendations to others developing decision support for exome sequencing are as
follows: anticipate the limits of your institution’s lab result and EHR systems in handling
genomic data; account for labor required to customize variant—drug alerts to the clinical
context in which they are likely to occur; and, finally, allocate ample resources to gathering,
synthesizing, and applying pharmacogenomic evidence on an ongoing basis.
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Conclusion

The use of EHRs and their associated decision support tools may be an important way to
incorporate the pharmacogenomic incidental findings from exome sequencing into existing
clinical workflows. We created a proof of concept of incidental finding—based alerts and
explored technical challenges, hurdles in workflow integration, and barriers to content
generation. Though technical and labor concerns may currently inhibit the development of
exome sequencing decision support systems at many institutions, we anticipate that the
advancement of EHR systems and the solidification of centralized, pharmacogenomic
knowledge bases will make this a promising technology in the near future.
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Discern: (1 of1)

<  PHARMACOGENOMICS ALERT

Cerner
WARNING: Patient carries a genetic variant that influences clopidogrel (Plavix)
metabolism, resulting in impaired responsiveness.

e Consider prasugrel (Effient) or other alternative therapy
e For CPIC dosing guidelines, click the Guidelines button below, or
e (Contact a clinical pharmacist for more information (598-6347)

MEDICATION ORDER: clopidogrel

GENETIC RESULT: NEXT Exome CYP2C19 Result (Sendout) Clopidogrel, Impaired
Responsiveness October 23, 2013 17:26:00 PDT

NOTE: This is an experimental pharmacogenomics alert created for patients in the NEXT01

Exome sequencing study.
® You may receive an e-mail asking for your feedback on this alert.

Alert Action

~ Cancel Order

~ Override Alert

_ Modify Order
Figure 1.

Screenshot of prototype alert for clopidogrel prescription to a patient with a CYP2C19
variant. The prototype alert was built in Cerner Powerchart with a Discern rules engine. It
was formatted to appear unique from the drug—drug interaction alerts in the University of
Washington inpatient electronic health records system. Concise information about the
variant—drug interaction is displayed with a number of recommended actions (e.g., alternate
prescription, calling a pharmacist). The guidelines button brings up Clinical
Pharmacogenetics Implementation Consortium guidelines in a browser window.
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Gene Variant(s) Clinical Condition

CYP2C19 p.Pro227= (*2); p.Trp212Stop (*3); -806C>T Clopidogrel, impaired responsiveness
(*17)

CYP2C9 p.Argl44Cys (*2); p.1le359Leu (*3) Warfarin sensitivity

VKORC1 -1639GA Warfarin sensitivity

CYP4F2 p.Val433Met Warfarin sensitivity

DPYD IVS14 + 1G>A 5-Fluorouracil toxicity; Dihydropyrimidine

dehydrogenase deficiency

TPMT €.6261G>A,; p.Alal54Thr; p.Tyr240Cys; 6-Mercaptopurine sensitivity; Azathioprine sensitivity
p.Alag80Pro

UGT1Al (TA)7 promoter insertion Irinotecan sensitivity
*homozygotes

SLCO1B1 p.Vall74Ala Statin induced myopathy

HFE p.C282Y; p. H63D HFE-associated Hemochromatosis

(homozygotes OR

compound heter ozygotes)

F5 Arg506GIn Factor V Leiden Thrombophilia
(homozygotes)
RYR1 31 established pathogenic variants from European Malignant hyperthermia Susceptibility

Malignant Hyperthermia Group

Genet Med. Author manuscript; available in PMC 2016 November 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Discussion
	Conclusion
	References
	Figure 1
	Table 1

