
Pharmacogenomic testing (PGx)

2

3

Clin J Am Soc Nephrol. 2018 Oct 8;13(10):1561-1571. Clin J Am Soc Nephrol. 2018 Oct 8;13(10):1561-1571. 

4



Genome, Chromosome, Gene, Nucleotide

Gene Expression

DNA—Transcription—RNA—Translation—Protein

Gene Structure

Promoter, Exon, Intron, 5’UTR, 3’UTR

Genetic Variation

Polymorphism, Mutation

Allele

SNP,  Homozygous alleles / Heterozygous alleles

Genotype and Phenotype 

20%-95%

Drug metabolism enzymes 
 transporters (the ADME genes), Drug Target, or HLA alleles

Regulatory region: affecting level of expression

Coding region: affecting the function of gene

Mukerjee, G., et al., User considerations in assessing pharmacogenomic tests and their clinical support tools. npj Genomic Medicine, 2018. 3(1): p. 26.

Germline variation 

Drug hypersensitivity HLA-B*1502 / Carbamazepine

PK genes CYP2C19 / Clopidogrel

PD genes VKORC1 / Warfarin

Disease LDLR (Cause Familial hypercholesterolemia/PCSK9)

Somatic mutations

HER2, EFGR, ALK, KRAS to choose optimize Cancer therapy
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HUMAN LEUKOCYTE ANTIGENS AND DRUG-
INDUCED HYPERSENSITIVITY REACTIONS

9

Peter et al., The Journal of Allergy and Clinical Immunology: In Practice, 5(3), 547–563. 2017

CYP
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CYP
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-WARFARIN
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Johnson, J. A., & Cavallari, L. H. (2013). Pharmacogenetics and cardiovascular disease--implications for personalized medicine. 
Pharmacological reviews, 65(3), 987–1009. doi:10.1124/pr.112.007252



FDA

Warfarin

CYP2C9 VKORC1

Citalopram

CYP2C19 Poor Metabolizer 20mg

Mercaptopurine(6-MP)

Homozygous deficiency in either TPMT or NUDT15 - typically require 10% 
or less of the standard dosage. Reduce initial dosage in patients who are 
known to have homozygous TPMT or NUDT15 deficiency. 

Heterozygous deficiency in TPMT and/or NUDT15 . Reduce the PURIXAN 
dosage based on tolerability. Most patients with heterozygous TPMT or 
NUDT15 deficiency tolerate recommended mercaptopurine doses, but 
some require dose reduction based on tolerability

- -PHARM GKB

Pharmacogenomics (PGx) knowledge resource

The impact of human genetic variation on drug responses

https://www.pharmgkb.org/
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-PHARM GKB

https://www.pharmgkb.org/
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-PHARM GKB

Clinical Annotation Levels 
of Evidence (Pharm GKB)

https://www.pharmgkb.org/
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-CPIC

Started as a shared project between PharmGKB and the Pharmacogenomics 
Research Network (PGRN) in 2009

Overcome the barrier to implementation of pharmacogenetic testing in the 
clinic

The difficulty in translating genetic laboratory test results into actionable 
prescribing decisions for affected drugs 

CPIC guideline

freely available, peer-reviewed, evidence-based, updatable, and detailed gene/
drug clinical practice guidelines

follow standardized formats, include systematic grading of evidence and clinical 
recommendations
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-CPIC
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-CPIC

Vo et al. Pharmacotherapy 2017; 37:1014-1022.
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-CPIC
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-CPIC
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-CPIC
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ASHP Statement on the Pharmacist’s Role in Clinical 
Pharmacogenomics

Recommending or scheduling pharmacogenomic testing to aid in the 
process of drug and dosage selection.

Designing a patient-specific drug and dosage regimen based on the 
patient’s pharmacogenomic profile that also considers the 
pharmacokinetic and pharmacodynamics properties of the drug.  

These factors should be combined in the regimen design along with other 
pertinent patient-specific factors such as comorbidities, other drug 
therapy, demographics, and laboratory data to optimize patient outcomes.

Am J Health Syst Pharm. 2015 Apr 1;72(7):579-81.
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ASHP Statement on the Pharmacist’s Role in Clinical 
Pharmacogenomics (Cont.)

Educating patients, pharmacists, and other health care 
professionals about pharmacogenomic principles and 
appropriate indications for clinical pharmacogenomics testing, 
including the cost-effective use of pharmacogenomics testing.

Communicating pharmacogenomic-specific drug therapy 
recommendations to the health care team, including 
documentation of interpretation of results in the patient’s 
health record.

Am J Health Syst Pharm. 2015 Apr 1;72(7):579-81.

25



Implementation of a pharmacist-led pharmacogenomics service for the 
Program of All-Inclusive Care for the Elderly (PHARM-GENOME-PACE)

Individuals 55 years of age and older enrolled in PACE who underwent PGx testing 
as part of their medical care (n = 296).

Journal of the American Pharmacists Association, 58(3), 281–289.e1.
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Journal of the American Pharmacists Association, 58(3), 281–289.e1.
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CHALLENGES AND SOLUTIONS ASSOCIATED 
WITH IMPLEMENTING A PGX SERVICE FOR PACE

-HEALTH CARE RELATED

A lack of systems interoperability for health exchange 
information 

Pharmacists communicated PGx test results and consultations 
with prescribers directly by 

transmitting documents through secure HIPAA-compliant 
servers (i.e., encrypted e-mails) 

indirectly by uploading documents to participants’ pharmacy 
records, which were readily accessible to prescribers.

Journal of the American Pharmacists Association, 58(3), 281–289.e1.

CHALLENGES AND SOLUTIONS ASSOCIATED 
WITH IMPLEMENTING A PGX SERVICE FOR PACE

-HEALTH CARE RELATED

Pharmacists had limited access to participants’ medical EHR.

Pharmacists based their recommendations primarily on 
available pharmacy data, which always included participants' 
complete drug regimens, PGx test results, and drug-related 
allergies. 

When medical data (e.g., height and weight, serum 
creatinine)were available, pharmacists used these additional 
data to inform their recommendations.

Journal of the American Pharmacists Association, 58(3), 281–289.e1.



CHALLENGES AND SOLUTIONS ASSOCIATED 
WITH IMPLEMENTING A PGX SERVICE FOR PACE

-HEALTH PROFESSIONAL RELATED

We experienced knowledge and competency gaps among 
health professionals, particularly prescribers.

As an organization, we provided educational sessions (e.g., 
webinars) to prescribers on various topics in the field of PGx.

As a service, we used a select group of pharmacists with 
extensive education and training in PGx, and pharmacists were 
readily available to prescribers for one-on-one telephone 
consultations.

Journal of the American Pharmacists Association, 58(3), 281–289.e1.

ROLES OF PHARMACISTS LEADING A 
PGX SERVICE FOR PACE

Operational  

Developed processes for PACE prescribers to order PGx tests

Designed templates for PACE pharmacists to perform PGx 
consultations for PACE prescribers

Established processes for PACE pharmacists to communicate 
PGx test results and consultations to PACE prescribers

Created processes for PACE pharmacists to document PGx 
test results and consultations in participants' pharmacy records

Journal of the American Pharmacists Association, 58(3), 281–289.e1.

ROLES OF PHARMACISTS LEADING A 
PGX SERVICE FOR PACE

Clinical  Recommended PGx testing for select PACE participants 

 Interpreted PGx test results for PACE prescribers

 Provided recommendations to PACE prescribers to guide optimal 
drug selection and dosing based on PGx test results

Collaborated with PACE prescribers to design participant-
individualized drug regimens

Contributed to the on-going evaluation of PGx biomedical 
literature and formulation of PGx reference library

Aided in developing CDSS to guide PACE pharmacists and 
prescribers on applying PGx-specific data to drug decision making

Journal of the American Pharmacists Association, 58(3), 281–289.e1.

ROLES OF PHARMACISTS LEADING A 
PGX SERVICE FOR PACE

Journal of the American Pharmacists Association, 58(3), 281–289.e1.
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Educational

Advocated for 
appropriate PGx 
testing in PACE

Educated and provided 
information on the 
clinical application of 
PGx to PACE 
prescribers and fellow 
health professionals


