
Integrating pharmacogenomics into electronic health records 
with clinical decision support

J. Kevin Hicks1, Henry M. Dunnenberger2, Karl F. Gumpper3, Cyrine E. Haidar4, and James 
M. Hoffman4

1DeBartolo Family Personalized Medicine Institute and Department of Population Sciences, H. 
Lee Moffitt Cancer Center & Research Institute, Tampa, FL

2Center for Molecular Medicine, NorthShore University HealthSystem, Evanston, IL

3Department of Pharmacy Boston Children’s Hospital, Boston, MA

4Department of Pharmaceutical Sciences, St. Jude Children’s Research Hospital, Memphis, TN

Abstract

Purpose—Pharmacogenomics is an important component of precision medicine. Informatics, 

especially clinical decision support (CDS) in the electronic health record (EHR), is a critical tool 

for the integration of pharmacogenomics into routine patient care. The purpose of this paper is to 

describe existing pharmacogenomic informatics models, identify key implementation steps, and 

discuss emerging resources to facilitate the development of pharmacogenomic clinical decision 

support in the EHR.

Summary—Effective integration of pharmacogenomic CDS into the EHR can address 

implementation barriers, including the increasing volume of pharmacogenomic clinical 

knowledge, the enduring nature of pharmacogenetic results, and the complexity of interpreting 

results. Both passive and active CDS provide point-of-care information to clinicians that can guide 

the systematic use of pharmacogenomics to proactively optimize pharmacotherapy. Key 

considerations for a successful implementation have been identified including clinical workflows, 

identification of alert triggers, and tools to guide interpretation of results. These considerations are 

described along with emerging resources from the Clinical Pharmacogenetics Implementation 

Consortium (CPIC) and National Academy of Medicine.

Conclusion—Pharmacogenomic CDS in the EHR is essential to curate pharmacogenomic data 

and disseminate patient-specific information at the point of care. These tools facilitate prescribing 

optimal drug therapy based on a patient’s inherited genetic profile and ensure that genotype-

guided therapy is used whenever available. Multiple model practices have demonstrated the 
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feasibility of developing pharmacogenomic CDS within commercially available EHRs. In some 

situations, ancillary systems and applications outside the EHR may be integrated to augment the 

capabilities of the EHR.
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Introduction

Pharmacogenomics is an important component of precision medicine.1 Though various 

barriers to implementation remain, there are an increasing number of examples 

demonstrating the utility of pharmacogenomic orientated electronic health record (EHR) 

informatics, using computerized health records to maintain awareness of pharmacogenomic 

results to guide drug selection and dosing. Particularly, clinical decision support (CDS) has 

been identified as a critical tool for the implementation of pharmacogenomics into routine 

patient care.1–6

The volume, evolving, and enduring nature of pharmacogenomic knowledge that must be 

applied during a patient encounter presents challenges to implementing pharmacogenomics 

into routine care. The Clinical Pharmacogenetics Implementation Consortium (CPIC) has 

published clinical guidelines for 13 genes including therapeutic recommendations for over 

30 drugs.7–22 Further, over 120 drugs contain genomic information in their product 

label.23,24 Complexity will increase as additional guidelines and clinically important 

pharmacogenomic relationships are discovered, including scenarios where multiple genes 

influence drug therapy.20,21 Moreover, pharmacogenomic results can have clinical utility 

throughout a patient’s life. Test results in the distant past could still influence drug selection 

and dosing years later, and should be used to optimize drug therapy. It may be difficult for 

clinicians to remember both pertinent gene-drug interactions and any previous 

pharmacogenomic test results for a specific patient during the demanding workflow of 

patient care. Fortunately, the increased use of EHRs across health care facilitates provides 

solutions to these knowledge management challenges.

Even when clinicians have pharmacogenomic results readily available their interpretations 

can be complex. They may not be interested in the intricate details of a pharmacogenomic 

result, instead they primarily need evidence based therapeutic recommendations that are 

consistent with guidelines and health system policies to optimize drug therapy.2 Informatics 

tools provide a solution since aspects of the interpretation process can be automated and 

resources are emerging to organize the underlying knowledge required for automation.24,25

It has been suggested that implementing pharmacogenomic CDS presents challenges 

consistent with other sizable informatics efforts.26 However, EHR vendor support for 

pharmacogenomics is still emerging and is currently limited, which results in substantial 

local institutional effort compared to some other types of CDS. This is especially a problem 

for organizations without substantial genomics expertise or clinical informatics support. 

Challenges include storing pharmacogenomic data, which is valuable over a patient’s 
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lifetime, presenting recommendations to clinicians in a timely manner that is seamlessly 

integrated with clinical workflows, and updating CDS recommendations as the knowledge 

base changes. The purpose of this paper is to describe existing pharmacogenomic 

informatics models, identify key implementation steps, and discuss emerging resources to 

facilitate the development of pharmacogenomic clinical decision support in the EHR.

Integrating Pharmacogenomics into the EHR with CDS: Model Practices

There are a growing number of health care systems incorporating pharmacogenomic 

information into the EHR with CDS. In contrast to other types of CDS where vendors 

supply databases that form the foundation of the CDS27 (e.g. various databases for drug-

drug interactions); pharmacogenomic implementations to date have consisted of customized 

rule built by the institutions themselves.4,24,26,28–40 These initial pharmacogenomic CDS 

models illustrate the feasibility of establishing procedures to 1) translate pharmacogenomic 

data into a predicted phenotype and clinical recommendation, 2) represent these data 

discretely in the EHR to allow pharmacogenomic knowledge to be presented as both passive 

(e.g. patient data reports, clinical consult notes) and active CDS (e.g. interruptive alerts that 

notify clinicians to modify drug therapy).27,28 In addition, through its informatics working 

group CPIC provides model practices through vendor agnostic implementation resources, 

including descriptions of clinical workflow and sample CDS text.18,41

Pharmacogenomic information can be presented passively such as through interpretive notes 

or displaying results in the drug order screen. Pharmacogenomic interpretations entered into 

the EHR as static notes can provide a summary of test results along with other relevant 

information. Such notes are particularly useful in selected situations where it is difficult to 

assign a phenotype (such as when CYP2D6 allele duplications occur).

Active or interruptive CDS alerts are another well-established approach to presenting 

pharmacogenetic information.28,32,37 In the field of pharmacogenomics, two main types of 

interruptive alerts should be considered for clinical implementation. Pre-test (no genotype 

results available at time of prescribing) alerts inform prescribers they are attempting to order 

a medication affected by pharmacogenomic variation and the associated genotype test is not 

in the EHR. The alert can provide the clinician with the potential risks associated with 

prescribing the medicine to a patient with a high-risk phenotype. It can also provide a list of 

alternative agents to use instead of the high-risk medicine, as well as allow the ordering of 

the genotype test from the alert window itself.28 Post-test (high-risk genotype) alerts fire 

when a patient with a high-risk (or actionable) genotype is being prescribed a therapy that 

needs to be modified based on the patient’s genetics. This type of alert explains to the 

clinician the potential problems that might occur if the patient were to receive the 

medication at standard doses and can also provide a list of alternative medications. 

Incorporating these two types of active decision support CDS into the EHR facilitates 

prescribing the most appropriate drug at optimal starting doses for individual patients based 

on their inherited genetic profile thus limiting the occurrence of side effects, optimizing 

pharmacotherapy and ensures that genotype-guided therapy is utilized when available on 

every patient.
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A systematic process for gathering, evaluating, and translating evidence into clinically useful 

CDS language and obtaining necessary approvals to implement the CDS can be a significant 

undertaking. Developing a systematic process with standard procedures is necessary. Across 

the model implementations to date, most have leveraged the existing institutional 

infrastructure for medication use and CDS deployment. The health-system’s Pharmacy and 

Therapeutics (P&T) committee has commonly been used for review of CDS 

recommendations including the identification of alternative therapies or dosages that 

complement existing pharmacotherapy and financial policies. P & T oversight may either be 

direct or by forming a subcommittee specifically focused on pharmacogenomics.3,28,32,33 

Additionally, health system informatics integration committees are optimal resources for 

implementing pharmacogenomic CDS within clinical workflows.

Developing and implementing pharmacogenomic CDS

A successful implementation requires an institution-wide engagement and contributions 

across multiple disciplines.3 For example, while pharmacists are well positioned to lead the 

implementation of pharmacogenomics, pharmacists will likely have to facilitate institutional 

collaboration between clinical informatics and the clinical laboratories to ensure data entered 

into the EHR are discrete elements that can be queried by CDS rules. Additionally, engaging 

clinicians, who are most likely to prescribe the target drug, can be helpful to ensure the most 

desired information is delivered in a CDS alert. For most practice sites, once the alerts are 

created, their wording is approved by the P&T committee thus providing oversight for which 

genetic test results are placed in the EHR and which drugs are the subject of CDS alerts.28,33

Based on the work of early adopters and CPIC, 5 key concepts to integrate 

pharmacogenomics into the EHR have emerged (Table 1) including: 1) documenting 

pharmacogenomic results in the EHR in a patient centric and time independent manner to 

facilitate convenient access over a patient’s life, 2) providing a clinical interpretation (e.g., 

predicted phenotype) of test results and clinical recommendations, 3) entering genetic results 

and interpretations in discrete EHR fields to facilitate CDS and future retrieval as needed, 4) 

providing drug-specific pharmacotherapy recommendations based on resulted tests and the 

clinical interpretation, and 5) deploying CDS to guide the application of pharmacogenomics 

at the point of prescribing and dispensing. Other organizations with experience in this area 

have also published considerations for implementing pharmacogenomics in the EHR.32 

Broader technical desiderata for the implementation of all types of genomic data into the 

EHR have also been published and subsequently updated.42,43

An important initial step to developing CDS is determining how test results will be placed in 

the EHR. Traditionally, genomic results were often reported as scanned documents or PDFs, 

making it impossible to drive CDS from results that are not represented in a discrete manner. 

To maximize the potential of pharmacogenomic CDS, test results need to be entered as 

discrete EHR data fields. This step may require significant collaboration with the clinical 

laboratories that report the genomic results. However, once achieved, discrete data facilitates 

the development of decision support rules and customized alerts. Because pharmacogenomic 

data is useful over a patient’s lifetime, results should be displayed in a time independent 

manner thus allowing clinicians an easy way to view and access pharmacogenomic results at 
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any time, which is different from the typical approach to presenting the most recent 

laboratory values. Interpretative reports should also be readily available.

Depending on the practice site and the clinical laboratory involved, the genomic result may 

be displayed at different levels of interpretation in the EHR. Pharmacogenomic test results 

may be reported by reference laboratories as genetic variants, haplotypes (i.e., the summary 

of all genetic variants inherited on a single gene), diplotypes (i.e., summary of genetic 

variants inherited from both mother and father), presence of genetic variants (e.g., positive or 

negative), or predicted phenotypes (e.g., poor metabolizer). Figure 1 illustrates the 

relationship between the different levels of interpretations: alleles, diplotypes, phenotype 

and therapeutic recommendation. Certain sites have circumvented the need to discretely 

report the diplotype by adding custom built phenotype terminologies (e.g. CYP2D6 ultra-

rapid metabolizer) into a problem list or genomic tab.28 The discrete entry of phenotypes 

into the EHR can serve as a trigger for interruptive CDS alerts. Some institutions heavily 

favor the therapeutic recommendation as the main way to display pharmacogenomic 

results.38 Given the ever changing and evolving nature of genomic data, the informatics team 

needs to build CDS rules in a way that can be updated and modified when new clinically 

actionable evidence emerges. Ideally, this process should be fully automated to allow for 

scalability and sustainability.

Once the first two steps of capturing discrete results and determining the level of 

interpretation to display are completed, the next step is to decide where to display the results 

(Figure 2). There are multiple solutions for this step and a single site might use several 

approaches. A driving principle behind this decision must be maximizing the clinical value 

of the genomic result. Because pharmacogenomic data is useful over a patient’s lifetime, 

results should be displayed in a time independent manner thus allowing clinicians an easy 

way to view and access the result at any time. The data must be displayed in a location 

commonly accessed in a provider’s routine workflow. For example a genetic test result 

might appear in an order entry or verification screen, as well as in a laboratory result section. 

Interpretative reports should also be readily available; to ensure the potential clinical impact 

of the result is known by the clinician.

Clinical recommendations to modify drug therapy are based on the patient’s predicted 

phenotype. Because there is not a standardized process for assigning a predicted phenotype 

based on genotype results, there may be rare instances where reference laboratory 

interpretations differ. For those using whole genome/exome sequencing, rare alleles with 

little associated phenotypic data may be observed. These examples highlight the importance 

of developing a systematic process of genotype to phenotype assignment to ensure 

consistent interpretations and associated CDS across the health system. Pharmacogenomic 

translation tables have been used as a guide to translate genotype data to phenotypes and 

associated CDS.24 Links to these tables consisting of thousands of genotype to phenotype 

translations can be found in CPIC guidelines.

Because the variability of pharmacogenomic terms can create confusion, CPIC conducted a 

consensus process to standardize terms for clinical pharmacogenetic results.44 This process 

has led to the creation of standardized pharmacogenetic terms for phenotypic and allele 

Hicks et al. Page 5

Am J Health Syst Pharm. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



functional status terms that will be understood across the pharmacogenetic community.45 

Using standard terms will help faciliate sharing data across diverse EHRs, and institutions 

that have implemented pharmacogenetic testing as well as laboratories that perfom 

pharmacogenetic analyses are now beginning to use these new standardized terms.

Optimal active CDS, should be gene-drug specific and consider all aspects of the clinical 

scenario. For example, drug-specific alerts must consider all formulations of a drug. For 

example, oral dapsone should be avoided in patients who have a G6PD deficiency but 

topical dapsone may be given to such patients without the occurrence of hemolytic 

anemia.46 To develop CDS for this gene/drug combination, the ideal design would have to 

integrate the route of administration of a drug and only interrupt prescribers when oral 

dapsone is used in patients with G6PD deficiency.

A common concern with creating any new CDS alert is that prescribers will be presented 

with more interruptive alerts, which could lead to alert fatigue where the clinician might 

ignore clinically important messages being presented to them.47,48 It is important to involve 

the prescribing clinicians in the CDS design process to ensure that information displayed is 

useful for the patient’s care. Given the custom nature of these alerts various opportunities 

may exist to design highly specific alerts that can limit the potential for alert fatigue. For 

example, a well-established pharmacogenomic relationship exists between HLA-B and 

carbamazepine, which is noted in the FDA label as a boxed warning.49 Individuals with the 

variant allele HLA-B*15:02 who receive carbamazepine are at an increased risk for serious 

adverse events, including Stevens-Johnson Syndrome and toxic epidermal necrolysis.11 The 

variant allele is most common in patients with Asian ancestry and this higher frequency is 

noted in the FDA boxed warning. When designing CDS for this pharmacogenomic 

relationship, Asian ancestry could be leveraged to improve the alert specificity, such as 

prompting HLA testing when carbamazepine is ordered but only presenting the alert for 

patients of Asian descent.50 This however could pose a problem because race and ancestry 

data may not always be reported in the EHR.51

Another consideration in developing pharmacogenomic CDS is to determine if all aspects of 

the CDS should be built by the health system or if consultants and additional vendors should 

be engaged. As published models have illustrated, select hospitals have the informatics 

infrastructure necessary to develop and maintain pharmacogenomic CDS. However, as the 

use of pharmacogenomics expands, this option might become harder to sustain. New 

pharmacogenomic knowledge and evidence is emerging constantly, which may prompt 

changes in custom CDS, and with time the ongoing maintenance may become 

overwhelming. Ancillary systems integrated with the health-systems EHR could help 

minimize the time required to create, store and maintain CDS rules. In addition, software 

designed specifically for pharmacogenomics may offer additional features and increased 

flexibility, including patient specific portals to review results and genetic specific CDS rules 

engines. Also, by executing complex rules outside of the primary EHR, pharmacogenomic 

CDS does not become detrimental to the performance of the health-system’s primary EHR. 

Taking this approach does not eliminate all the challenges pharmacogenomic CDS. For 

example, these systems do not eliminate the complexities that result from the different ways 

clinical laboratories provide results and organize data in the EHR. Further, if these ancillary 
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systems are not fully integrated with the EHR the process of patient care is slowed since the 

clinicians will have to access another resource to retrieve the pharmacogenomic information 

of patients. Additional processes may be needed to make certain clinicians reliably access 

pharmacogenomic information. Finally, like any additional clinical software the benefits 

must be weighed against challenges, including additional cost, security, and the development 

of interfaces to integrate with the EHR.

Resources to support the development of pharmacogenomic CDS

As we have described, individual health systems develop custom, institution-specific 

pharmacogenomic CDS because database vendors that support other types of CDS in widely 

used commercial EHRs do not currently provide this content for pharmacogenomic CDS. 

While standard tools for developing rule based CDS within commercial EHRs have been 

successfully used, substantial site effort is required at each health system to organize 

relevant medication and genomic knowledge, define the clinical workflow, and prepare alert 

text. To reduce the burden on individual sites, vendor agnostic resources are emerging from 

the CPIC and the Displaying and Integrating Genetic Information Through the EHR Action 

Collaborative (DIGITizE AC), sponsored by the National Academy of Medicine (formerly 

the Institute of Medicine-IOM).

Established in 2009, CPIC provides clinical practice guidelines that enable the translation of 

genetic laboratory test results into actionable prescribing decisions for specific drugs.52 

CPIC guidelines closely follow the IOM’s Standards for Developing Trustworthy Clinical 

Practice guidelines.23 Members have expertise in various aspects of pharmacogenetics, and 

many are involved in the implementation of clinical pharmacogenomics. CPIC recognized 

that successful adoption of pharmacogenetics into routine clinical care requires a curated 

and machine-readable database of pharmacogenetic knowledge suitable for use in an EHR 

with CDS. In 2013, CPIC formed the CPIC Informatics Working Group to support the 

adoption of CPIC guidelines into the clinical electronic environment. Starting with HLA-B 
genotype and abacavir use, a primary strategy has been systematically incorporating a set of 

implementation resources into all CPIC guidelines that are intended to apply to any EHR.25

By developing comprehensive tables that translate genotype information to phenotype to 

clinical recommendation for CPIC guidelines, using human readable and structured text, 

CPIC provides a foundational resource for all EHR implementation steps. The translation 

tables relate pharmacogene star allele nomenclature, allele function and phenotype, which 

allow results from multiple formats to be translated into a uniform and manageable data set. 

The CPIC guideline documents include diplotypes of known functional significance as a 

supplementary table, and a complete table with all possible diplotypes is posted to 

PharmGKB, which in one case includes over 700 diplotypes.12 The functional effect on the 

protein, the representation of gene and drug in standard vocabularies, and clinical workflows 

incorporating test results are presented. Suggested consultation text for each diplotype prior 

to prescription and post-prescription is presented, which may be used within CDS alerts. The 

standardized nomenclature tables help with potential data transfer both inside an EHR and 

outside to additional resources. The implementation workflows suggest best practices and 
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facilitate a common understanding of the process across the multidisciplinary involved in 

implementation.

IOM’s DIGITizE effort has provided a forum for EHR vendors, clinical laboratories, and 

academic centers with experience implementing clinical genomics to collaborate on how 

genomic data can be consistently represented and integrated in the EHR.53 The group has 

focused extensively on pharmacogenomics. In 2015, this group published an implementation 

guide for HLA-B*57:01 and abacavir as well as for TPMT variants for thiopurines. The 

guide outlines a framework with specific details to implement these drug/gene pairs into the 

EHR. The guide reviews using standard clinical vocabularies including Logical Observation 

Identifiers Names and Codes (LOINC®) and Systematized Nomenclature of Medicine – 

Clinical Terms (SNOMED CT®) to represent pharmacogenomic results and provide active 

CDS.

Future Directions

Although precision medicine is often thought of as a genomics-based model, the concept of 

precision medicine goes well beyond an individual’s genomic profile to include family 

history, environmental exposures, lifestyle, and many other factors. To fully embrace the 

power of precision medicine, genomic knowledge needs to be integrated with other 

knowledge types to optimize pharmacotherapy. Pharmacists already seek to combine all 

their patient specific knowledge (e.g. various laboratory values, renal function, liver 

function, etc.) and CDS provides a framework to integrate and present all relevant patient 

specific factors to optimize pharmacotherapy. Combining all drug interaction knowledge 

(e.g., gene-drug, drug-drug) may be an initial step to integrate different knowledge types. 

Pharmacogenomic knowledge could be integrated with existing commercial knowledge 

bases already widely used to provide drug-drug interaction alerts in EHRs. Ideally, CDS 

should provide clinicians single clinical recommendation that considers all drug interactions 

and patient factors to optimize drug therapy.

EHR genomic infrastructure development efforts have mostly focused on building decision 

support tools that take into consideration single gene data. As our knowledge of genomics 

improves, it is clear multiple genes can influence the metabolism of certain drugs and the 

electronic infrastructure development must move towards more complex decision support 

algorithms capable of providing a summative clinical recommendation that takes into 

consideration multiple genetic results as well as other clinical factors. In instances where 2 

genes influence prescribing practices, such as CYP2C9/VKORC1-warfarin, decision support 

triggers often consist of a summative phenotype (e.g., warfarin sensitive) that describes the 

impact of both genes. However, it is unlikely that a single summative phenotype can 

adequately represent all combinatorial gene effects in the future. The scenario of one drug 

being affected by multiple genes is likely to become more common as next generation 

sequencing becomes the norm for genotyping patients, and decision support rules will need 

to evolve in order to accommodate this new type of data.54

St. Jude Children’s Research Hospital has implemented CDS alerts using a 2 gene-one drug 

model using amitriptyline and the phenotypes for CYP2C19 and CYP2D6. Rules were 
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created to build a CDS alert that takes into account all of the possible CYP2D6 and 

CYP2C19 phenotype combinations and clinical recommendations were incorporated into 

each possible combinatorial alert. We expect our understanding of how different 

combinations of variants present in drug transporter, drug target, and metabolizer genes 

influence pharmacotherapy will grow.

As an example of integrating non-genetic factors into pharmacogenomic CDS rules, recent 

post-test alerts developed at St. Jude for CYP2C19 and voriconazole take into account a 

patient’s age and the route of administration of this antifungal agent. When voriconazole is 

ordered on a patient who is a CYP2C19 poor metabolizer, the rules engine also searches for 

the patient’s age and the route of administration. The clinician is then presented with a 

dosing recommendation that takes into account all genetics, age, and route of administration 

(Figure 3). Because voriconazole therapeutic drug monitoring is used frequently in St. Jude 

patients, the rules were also customized to be presented to clinicians only with a new 

voriconazole order prior to therapeutic drug monitoring. The alert also does not fire if 

voriconazole has been ordered in the past 30 days or if voriconazole serum concentrations 

were obtained for therapeutic drug monitoring purposes in the month prior to ordering the 

drug because dosing decisions should be based on the serum concentrations. These 

additional limits to the alert were an attempt to limit unnecessary alerts as part of our 

ongoing efforts to understand the risks for alert fatigue in our setting and make 

corresponding refinements.55,56 The implementation of pharmacogenomic data into the 

EHR with CDS must also be considered in the broader context of an organization’s overall 

approach to clinical genomics and the EHR, and the core requirements for genomics in the 

EHR that are being further defined.42,43

Given the large size of genomic data, it is unlikely these data will be stored in the EHR, and 

ancillary systems that would be integrated with the EHR have been suggested as a 

solution.57–59 A common analogy is picture archiving and communication systems (PACS) 

in radiology where the raw files are outside of the EHR and accessed by experts, but 

summary information to guide patient care is readily available in the EHR. These ancillary 

systems may summarize and store pharmacogenomic data at the phenotype level, allele 

level, or variant level. Pharmacogenomics may serve as an initial use case for health systems 

working to integrate genomic data into routine clinical care and solving problems likely to 

be encountered in broader clinical genomic informatics implementation programs. Ideally 

solutions developed for pharmacogenomic CDS should be capable of incorporating different 

types of genomic data, and expandable to larger clinical genomic implementation projects, 

especially considering an organization’s approach to storing and presenting genomic data 

may change over time.

In conclusion, the EHR with CDS is essential to curate pharmacogenomic data and 

disseminate patient-specific information at the point of care. As part of the successful 

implementation of pharmacogenomics into clinical settings, all relevant gene-drug clinical 

recommendations must be summarized and presented to clinicians in a manner that 

seamlessly integrates into the clinical workflow of the EHR. In some situations, ancillary 

systems and applications outside the EHR may be integrated to augment the capabilities of 

the EHR.
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Figure 1. 
Pharmacogenomics clinical decision support interpretation process.
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Figure 2. 
General overview of steps needed to successfully incorporate pharmacogenomic test results 

into the electronic health record (EHR) for routine clinical use.
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Figure 3. 
Example of a pharmacogenomic clinical decision support alert that takes into account non 

genetic risk factors. In this case, the recommendation displayed to clinicians is age, route 

and CYP2C19 phenotype specific. Used with Permission of Cerner.

Hicks et al. Page 16

Am J Health Syst Pharm. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hicks et al. Page 17

Table 1

Five Key Concepts to Integrating Pharmacogenomics into the EHR

1 Document pharmacogenomics results in patient centric and time independent manner

2 Provide a clinical interpretation based on expected phenotype

3 Represent genetic results and interpretation as discrete data

4 Provide drug-specific pharmacotherapy recommendations

5 Deploy CDS so pharmacogenomic information is reliably used at the point of care
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