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Learning Objectives
Identify barriers, challenges, and solutions for implementation of 
pharmacogenomics services in institutional settings 

Discuss the necessary phases of implementation of pharmacogenomics services in 
institutional settings

Recommend pharmacogenomic testing when appropriate and integrate test results 
with other clinical variables to optimize medication therapy

Educate health care professionals and patients about the cost, cost-effectiveness, 
and reimbursement issues relevant to pharmacogenomic tests and services 

Describe FDA approved examples of direct-to-consumer pharmacogenomics testing





Attaining provider buy-in and acceptance of PGx testing

Establishing genotyping and result interpretation 

Laboratory and workflow challenges

Providing clinical decision support (CDS) to inform appropriate 
therapy

Reimbursement for genetic testing

Arwood MJ et al. Clin Transl Sci. 2016; 9:233–245

Barriers/challenges for implementation of PGx 
services in institutional settings



• Lack of physician support or 
acceptance

• Evidence of successful 
implementation of gene-drug 
pairs relating to clinical utility

• Data collection plan

• Identify “physician champion” 
(will help bring awareness to 
other physicians and build 
rapport)

• Provide institution-specific 
evidence of PGx service benefits 
(key performance indicators and 
outcomes may lead to acceptance 
from clinicians)

• Provide clinician education
• Create easily accessible clinical 

decision support tools to provide 
convenience and ease of use

Attaining provider buy-in and acceptance of PGx
testing

Arwood MJ et al. Clin Transl Sci. 2016; 9:233–245

Barriers Solutions



Barriers

• Complexity of highly polymorphic 
enzyme loci

• CYP2D6 and available 
platforms for interrogation of 
allelic variants

How to Overcome Barriers

• Find an accurate and reliable 
platform

• Keep the patient population of 
the institution in mind when 
choosing specific gene(s) and a 
genotyping platform

Establishing genotyping and result interpretation

Barriers Solutions

Arwood MJ et al. Clin Transl Sci. 2016; 9:233–245



Barriers

• Physical sample challenges: 
• Quality
• Timing
• Type

• Availability of phlebotomy or 
outpatient services

• Uninformed healthcare team 
members

• Specific test tube 
assignment unknown

• Sample destination 
unknown

How to Overcome Barriers

• Use buccal swabbing instead 
of whole blood if phlebotomy 
services are not available

• Batch samples together and 
implement earlier lab cutoff 
times 

• This will allow for faster 
genotyping turnaround 
time

Laboratory and workflow challenges

Barriers Solutions

Arwood MJ et al. Clin Transl Sci. 2016; 9:233–245



Barriers

• Lack of efficiency & 
infrastructure

• Customization to workflow 
• EHR alert fatigue
• Missing information

How to Overcome Barriers

• Minimize alerts to PRN basis (i.e., 
only when a test result is ready 
within the EHR, as opposed to 
with every new medication order)

• Have IT support for help and 
revisions to system

• Utilize pilot testing to ensure 
smooth workflow

Providing clinical decision support (CDS) to inform 
appropriate therapy

Barriers Solutions 

Arwood MJ et al. Clin Transl Sci. 2016; 9:233–245



Barriers

• Administrative issues
• Third party payers may have 

different reimbursement rates
• Most insurers do not deem 

PGx testing necessary to cover 
most patients

How to Overcome Barriers

• Obtain supporting evidence of 
the benefits of PGx testing in 
improving patient outcomes (i.e., 
demonstrating clinical utility 
through research)

Arwood MJ et al. Clin Transl Sci. 2016; 9:233–245

Reimbursement for Pharmacogenomic Testing

Barriers Solutions 



Drivers to PGx Reimbursement

Analytic 
Validity:

Ability of the 
test to 

accurately and 
reliably 

measure gene 
of interest

Clinical Validity: 
Ability of test to 
accurately and 

reliably detect or 
predict the 
presence or 
absence of a 
phenotype or 

clinical disease

Clinical Utility: 
Likelihood the 

test will lead to 
an improved 

outcome

Zimmern RL & Kroese M. Journal of Public Health.  2009; 29(3): 246-250.





Planning 
(Phase 1)

Implementation 
(Phase 2)

Post-
implement-

ation
(Phase 3)

What are the necessary phases of implementation of 
pharmacogenomics services in institutional settings?



Phase 1: Planning

• Determine the motivation
• Why do you want to start a program?  

• Support with data 
• Medication vs. patient vs. provider related

• Evaluate resource needs
• Expertise
• Testing capabilities 
• Infrastructure (return of results to EHR or CDS)
• Funding sources (institutional, grants, 3rd-party 

reimbursement)
• Determine program type

• Clinical vs. research



What are the demographics of 
the clinical population?

Rashmi R. Shah and Andrea Gaedigk. Ther Adv Drug Saf. 2018; 9(1) 45–62



Will the selected PGx testing panel cover the 
allelic variants of interest of the clinical 

population?

Arwood MJ et al. Clin Transl Sci. 2016; 9:233–245



Phase 2: Implementation

Establish PGx 
Oversight 

committee

Review 
evidence

Develop PGx 
protocols

Develop 
support tools

Design 
workflow

Launch 
implementation



What 
expertise is 
needed on 
the PGx 
Oversight 
Committee?

Pharmacists

Physicians

Lab expertise

Informatics 

Genetic Counselors

Health system administration 
support and leadership



Phase 2: Implementation/Review Evidence

• Responsibility of a member(s) on PGx oversight committee
• Collection of institutional data to assist with planning phase
• Retrieving evidence supporting drug-gene pair associations 

(CPIC, FDA labeling, and other practice guidelines)
• When considering alternative therapies need to account for 

the following factors
• Availability/accessibility
• Associated contraindications and precautions
• Associated clinically relevant drug-drug interactions



Level Definitions for CPIC Gene-Drug 
Pairs Updated



Examples of CPIC Actionable Drug Gene Pairs

https://cpicpgx.org/genes-drugs/ Accessed April 12, 2022

Gene Drug Guideline CPIC Level CPIC Level Status PharmGKB Level of Evidence PGx on FDA Label CPIC Publications (PMID)
HLA-B abacavir https://cpicpgx.org/gui A Final 1A Testing required 24561393;22378157
HLA-B allopurinol https://cpicpgx.org/gui A Final 1A Testing recommended 23232549;26094938

MT-RNR1 amikacin https://cpicpgx.org/gui A Final 3 34032273
CYP2C19 amitriptyline https://cpicpgx.org/gui A Final 1A 23486447;27997040
CYP2D6 amitriptyline https://cpicpgx.org/gui A Final 1A Actionable PGx 23486447;27997040
UGT1A1 atazanavir https://cpicpgx.org/gui A Final 1A 26417955
CYP2D6 atomoxetine https://cpicpgx.org/gui A Final 1A Actionable PGx 30801677

SLCO1B1 atorvastatin https://cpicpgx.org/gui A Final 35152405
NUDT15 azathioprine https://cpicpgx.org/gui A Final 1A Testing recommended 21270794;23422873;30447069

TPMT azathioprine https://cpicpgx.org/gui A Final 1A Testing recommended 21270794;23422873;30447069
DPYD capecitabine https://cpicpgx.org/gui A Final 1A Actionable PGx 23988873;29152729
HLA-A carbamazepine https://cpicpgx.org/gui A Final 1A Actionable PGx 23695185;29392710
HLA-B carbamazepine https://cpicpgx.org/gui A Final 1A Testing required 23695185;29392710

CYP2C9 celecoxib https://cpicpgx.org/gui A Final 1A Actionable PGx 32189324
CYP2C19 citalopram https://cpicpgx.org/gui A Final 1A Actionable PGx 25974703
CYP2C19 clopidogrel https://cpicpgx.org/gui A Final 1A Actionable PGx 21716271;23698643;35034351
CYP2D6 codeine https://cpicpgx.org/gui A Final 1A Actionable PGx 22205192;24458010;33387367

CACNA1S desflurane https://cpicpgx.org/gui A Final 1A Actionable PGx 30499100
RYR1 desflurane https://cpicpgx.org/gui A Final 1A Actionable PGx 30499100

CYP2B6 efavirenz https://cpicpgx.org/gui A Final 1A Actionable PGx 31006110
CACNA1S enflurane https://cpicpgx.org/gui A Final 1A Actionable PGx 30499100

RYR1 enflurane https://cpicpgx.org/gui A Final 1A Actionable PGx 30499100
CYP2C19 escitalopram https://cpicpgx.org/gui A Final 1A Actionable PGx 25974703

DPYD fluorouracil https://cpicpgx.org/gui A Final 1A Actionable PGx 23988873;29152729
CYP2C9 flurbiprofen https://cpicpgx.org/gui A Final 1A Actionable PGx 32189324
CYP2C9 fluvastatin https://cpicpgx.org/gui A Final 35152405

SLCO1B1 fluvastatin https://cpicpgx.org/gui A Final 35152405
CYP2C9 fosphenytoin https://cpicpgx.org/gui A Final Actionable PGx 25099164;32779747
HLA-B fosphenytoin https://cpicpgx.org/gui A Final Actionable PGx 25099164;32779747

MT-RNR1 gentamicin https://cpicpgx.org/gui A Final 1A 34032273
CACNA1S halothane https://cpicpgx.org/gui A Final 1A 30499100

RYR1 halothane https://cpicpgx.org/gui A Final 1A 30499100
CYP2C9 ibuprofen https://cpicpgx.org/gui A Final 1A 32189324

https://cpicpgx.org/genes-drugs/


Examples of Drug-Gene Pairs Among Various Disease 
States which have CPIC Guidelines 

Vo TT et al. Pharmacotherapy 2017; 37:1014-1022  



Heise CW et al. Pharmacogenetics and Genomics 2020, 30:91–95

“Pre-emptive PGx testing may result in the initial 
highest yield for a health system”



Phase 2: Implementation

Developing PGx protocols
• With evidence in hand, determine type of program (clinical vs. 

research)
• Determine drug-gene pair(s) for implementation
• Determine testing workflow

• Preemptive vs. reactive PGx testing
• Individual gene vs. panel-based testing
• Funding to support program (grant vs. reimbursement)
• In-house vs. reference lab for performance of actual PGx testing 

(how will results be reported/returned? EHR?)
• Role of clinical decision report (CDS) to guide providers at the 

point of care



Phase 2: Implementation

Develop Support Tools
• Clinical decision support (CDS)

• Collaboration with informatics expert to enable delivery of CDS to 
providers in real time

• Provider support
• Education is critical 
• Written materials to support drug-gene specific recommendations
• Materials can also be included in automated CDS
• Referral helpline with questions

• Patient support
• How will results be returned to patients?
• Education on meaning of results 
• Consultation service/PGx clinic/patient satisfaction surveys



Wake DT et al. Clin Pharmacol Ther 2021 Aug 8. doi: 10.1002/cpt.2387.



Pretest Alert Posttest Alert

Example of Clinical Decision Support (CDS) in an 
Electronic Health Record (EHR)

Gammal RS et al. Pediatrics 2016;138(1). pii: e20153479. doi: 10.1542/peds.2015-3479.



Hicks JK et al. Am J Health Syst Pharm. 2016; 73(23): 1967–1976



PGx Oversight 
Committee approves 

actionable drug-
gene pairs

P&T committee approves 
actionable drug-gene pairs 

(inpatient setting)

Training of 
clinical staff 

Start PGx testing of 
patients

CDS implementation 
in EHR/consult 

service/PGx clinic

Alert providers when results 
are available 

Return of PGx testing results to 
patient (via patient portal, clinic 

visit or letter)

Follow through on 
recommendations/ 

interventions made with 
PGx testing results

Document 
quantifiable 

outcomes and 
refine clinical 

workflow 
accordingly

Designing 
Workflow 

start here



Ready, Set, Launch 
Implementation
• Discuss and receive feedback on 

workflow from all members of the 
PGx Oversight Committee

• Pilot workflow on small number of 
patients

• Refine workflow as needed
• Set official launch date and spread 

awareness to all members of 
institution – not just those involved 
in the PGx program



Phase 3: 
Post-

Implementation

Revisit expansion of PGx protocols (consider additional 
new drug-gene pair(s) implementation)

Update existing implementation of PGx protocols

Continue education (providers/patients)

Collect data 



Post-Implementation Phase/Collecting Data

Automated or manual data collection

Data Metrics of Interest
Frequency of actionable variants or drug-gene interactions in 

patient population 
Frequency of changes in treatment due to PGx recommendations 

(i.e. dose modifications/use of alternative medications)
Safety/efficacy outcomes before and after implementation of PGx 

program
Reimbursement coverage from third party payers
Cost effectiveness of PGx program implementation



Phase 3: 
Post-

Implementation

Important Measures of Success
PGx testing of patient population
CDS implementation of drug-gene 

pairs 
Provider acceptability of PGx 

recommendations
Improved treatment outcomes 

(reduced toxicity and increased 
efficacy of medication use)
Patient satisfaction



Continue education, update and expand existing PGx 
protocols as necessary

CME/CE, revise educational tools from provider feedback

Remind/educate patients on use of PGx testing results as necessary for 
management of disease states 

PGx Oversight Committee should stay current with evolving new 
literature making changes to existing protocols where necessary

Assess institutional workflow regularly and refine as necessary

Expand existing PGx protocols with new drug-gene pair implementation



Arwood MJ et al. Clin Transl Sci. 2016; 9:233–245

Putting it all 
together….





https://www.ncbi.nlm.nih.gov/gtr/ Accessed April 13, 2022



https://www.ncbi.nlm.nih.gov/gtr/ Accessed April 13, 2022



https://www.ncbi.nlm.nih.gov/gtr/ Accessed April 13, 2022



Examples of Five US Programs Implementing 
Preemptive PGx testing

Dunnenberger HM et al. Annu Rev Pharmacol Toxicol. 2015;55:89–106



Gammal RS et al. Pediatrics 2016;138(1). pii: e20153479. doi: 10.1542/peds.2015-3479. www.stjude.org/pg4kds

PGx-based 
codeine 

prescribing 
strategy used 

across all services 
at 

St. Jude Children’s 
Research Hospital

http://www.stjude.org/pg4kds


https://ignite-genomics.org. Accessed March 24, 2021

https://ignite-genomics.org/


Hicks JK et al. Clin Pharmacol Ther. 2021; 110(1):179-188



Hicks JK et al. Clin Pharmacol Ther. 2021; 110(1):179-188



Hicks JK et al. Clin Pharmacol Ther. 2021; 110(1):179-188



https://dcricollab.dcri.duke.edu/sites/NIHKR/Pages/IGNITEToolbox.aspx Accessed April 15, 2022





Potential Costs of a 
Pharmacogenomics Program

Testing supplies Expert in 
pharmacogenomics 

(pharmacist)

Technology



LCD - MolDX: Pharmacogenomics Testing (L38337) (cms.gov) Accessed April 13, 2022.

https://www.cms.gov/medicare-coverage-database/view/lcd.aspx?lcdid=38337&ver=8&keywordtype=starts&keyword=pharmacogenomics&bc=0


CMS Reimbursement of PGx Testing

https://www.cms.gov/medicare-coverage-database. Accessed April 13, 2022.

https://www.cms.gov/medicare-coverage-database


https://www.cms.gov/medicare-coverage-database. Accessed April 13, 2022.

https://www.cms.gov/medicare-coverage-database


`



Anderson HD et al. Genetics in Medicine (2020) 22:1247–1253 



Anderson HD et al. Genetics in Medicine (2020) 22:1247–1253 





FDA Approved 23andMe Personal Genome Service 
Pharmacogenetic Reports DTC Test

https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm624753.htm Accessed March 10th, 2022. 



“The FDA has permitted marketing of 23andMe Personal 
Genome Service Pharmacogenetic Reports test as a direct-to-
consumer test for providing information about genetic variants

that may be associated with a patient’s ability to metabolize 
some medications to help inform discussions with a health care 

provider. The FDA is authorizing the test to detect 33 variants for 
multiple genes.”

“This test is a step forward in making information about genetic 
variants available directly to consumers and better inform their 

discussions with their health care providers”

https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm624753.htm. Accessed March 10th, 2022.

FDA Approved 23andMe Personal Genome 
Service Pharmacogenetic Reports DTC Test



FDA Approved 23andMe Personal Genome 
Service Pharmacogenetic Reports DTC Test

“This test should be used appropriately because it does not determine 
whether a medication is appropriate for a patient, does not provide 

medical advice and does not diagnose any health conditions. 
Consumers should not use this test to make treatment decisions on 

their own. Any medical decisions should be made only after discussing 
the results with a licensed health care provider and results have been 

confirmed using clinical pharmacogenetic testing.”

“The 23andMe Personal Genome Service Pharmacogenetic Reports 
test is not intended to provide information on a patient’s ability to 
respond to any specific medication. The test does not describe an 

association between the detected variants and any specific drug nor 
whether a person will or will not respond to a particular drug. 

Furthermore, health care providers should not use the test to make 
any treatment decisions. Results from this test should be CONFIRMED 

with independent pharmacogenetic testing before making any 
medical decisions.”

https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm624753.htm Accessed March 10th, 2022.



Tandy-Connor et al. Genet Med 2018; 20(12):1515-1521.



https://blog.23andme.com/news/pharmacogenetics-report/  Accessed April 14, 2022



23andMe Pharmacogenetics Reports

Drug Metabolism 
Enzyme/Drug Transporter Reported Allelic Variants

CYP2C19* *2 (c.681G>A), *3 (c.636G>A), and *17 
(c.-806C>T).

DPYD *2A (c.1905+1G>A)
and D949V (c.2846A>T).

SLC01B1 c.521T>C (found in
the *5, *15, and *17 haplotypes)

https://www.23andme.com/test-info/pharmacogenetics/  Accessed April 14, 2022

*The *3/*17 genotype result should be confirmed by an independent genetic test prescribed by your own healthcare provider before 
taking any medical action. For all other genotypes that result in a predicted metabolizer profile, confirmation is not required.



Right Drug 
Dose Now 
(Right) Act

Requires the Department of Health and Human Services 
(DHHS) to consider new information on the role of drug-
drug-gene interactions causing ADEs and PGx testing to 
prevent them under the 2014 National Action Plan for 
Adverse Drug Event Prevention

Requires National Human Genome Research Institute to 
develop two education campaigns for the general public 
and providers to improve knowledge of ADEs and clinically 
appropriate use of PGx testing

Requires DHHS to update certification data for health 
information technology to incorporate drug-gene and 
drug-drug-gene interactions into alerting systems when 
medications are prescribed and ordered

Authorizes $7,000,000 to be appropriated to the National 
Institutes of Health for FY2022 to FY2025 to support PGx 
implementation research and distribution of genomic 
resources to the research community



 Stay up to date with the field (educate yourself and 
others)
 Engage in PGx clinical research related to treatment 
outcomes and cost-effectiveness
 Become a member of professional organizations that 
promote PGx education and research (CPIC, PGRN)
 Advocate for and support grassroot movements 
focused on moving the PGx field forward
Educate the next generation of healthcare 
professionals

What are YOU going to do to INFLUENCE 
coverage of PGx testing?
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