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Survey: Challenges to implementing pharmacogenetics in the clinic

What do you think is the most challenging aspect of the 
implementation of pharmacogenetics into the clinic? 

A. Translation of genetic information into clinical action
B. Test cost, test reimbursement or other economic issues
C. Availability of high quality genotyping test (CLIA approved)
D. Electronic medical record use, such as the application of CDS
E. Clinician and patient resistance and/or ethical concerns

Clin Pharmacol Ther. 2011 Mar;89(3):464-7.



Survey: top 3 Challenges to implementing 
pharmacogenetics in the clinic

• 95% of respondents selected: “process 
required to translate genetic information into 
clinical actions”

• Next 2 responses
– Genotype test interpretation (e.g. using genotype 

information to impute phenotype) 
– Providing recommendations for selecting the 

drug/gene pairs to implement  

Clin Pharmacol Ther. 2011 Mar;89(3):464-7.



• CPIC guidelines are designed to help clinicians 
understand HOW available genetic test results should 
be used to optimize drug therapy.
– Not WHETHER tests should be ordered.

• Key Assumption:
– Clinical high-throughput and pre-emptive genotyping will 

become more widespread.
– Clinicians will be faced with having patients’ genotypes 

available even if they did not order test with drug in mind.



• As of January 2018:
– 249 Members 

• Clinicians and scientists
• 178 institutions 
• 28 countries

– 10 Observers (NIH and FDA)
– CPIC Informatics

• >20 members from 12 organizations



2011
• TPMT – thiopurines
• CYP2C19– clopidogrel
• CYP2C9, VKORC1 – warfarin

2012
• CYP2D6 – codeine
• HLA-B – abacavir
• SLCO1B1 – simvastatin

2013
• HLA-B – allopurinol
• CYP2D6, CYP2C19 – TCAs
• HLA-B – carbamazepine
• DPYD -- 5FU / capecitabine
• TPMT – thiopurines—UPDATE
• CYP2C19 – clopidogrel--UPDATE

2017
• CYP2D6 – tamoxifen
• HLA-B – carbamazepine—UPDATE
• DPYD -- 5FU / capecitabine—UPDATE-in 

review

2018 (in progress)
• RYR1– inhaled anesthetics 
• CYP2B6—efavirenz
• TPMT/NUDT15 – thiopurines--UPDATE
• CYP2D6—atomoxetine
• CYP2C19/PPI
• CYP2C9/HLA-phenytoin—UPDATE
• CYP2C9/celecoxib

2014

• IL28B -- PEG interferon α

• CFTR -- Ivacaftor

• G6PD -- Rasburicase

• CYP2C9, HLA-B -- Phenytoin

• CYP2D6 – codeine--UPDATE

• HLA-B – abacavir--UPDATE

• SLCO1B1 – simvastatin—UPDATE

2015

• CYP3A5 – tacrolimus

• CYP2D6, CYP2C19– SSRIs

• UGT1A1 – atazanavir

• HLA-B – allopurinol—UPDATE

2016

• CYP2C19 – voriconazole

• CYP2D6 – ondansetron

• CYP2C9, VKORC1 – warfarin--

UPDATE

• CYP2D6, CYP2C19 – TCAs--UPDATE
https://cpicpgx.org/guidelines/



CPIC website: www.cpicpgx.org

CPIC guidelines and list of 
CPIC genes/drugs





CPIC tables allow translation of genetic 
test results to actionability

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials

Genotypes to alleles
(e.g. g.94761900C>T + 

g.94762706A>G = 
CYP2C19*4B)

Functions to alleles 
(e.g. CYP2C19*4B = 

no function)

Alleles to diplotypes
(e.g. g.94761900CT + 

g.94762706AG = 
CYP2C19*1/*4B)

Diplotypes to 
phenotypes

(e.g. CYP2C19*1/*4B = 
intermediate 
metabolizer) 

Interpretation of phenotypes
(e.g. CYP2C19 intermediate 

metabolizer = altered 
dosing recommendations 

for TCAs but not 
clopidogrel)

Phenotypes to 
actionability

(e.g. intermediate 
metabolizer + Rx for 

amitriptyline = 
interruptive alert)

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials


Allele definition table: genotypes to alleles

https://www.pharmgkb.org/page/pgxGeneRef
https://cpicpgx.org/guidelines/guideline-for-voriconazole-and-cyp2c19/



Translating CYP genotypes to 
allelic functional status

Genet Med. 2017 Feb;19(2):215-223.



Allele functionality table: alleles to function

https://cpicpgx.org/guidelines/guideline-for-voriconazole-and-cyp2c19/



https://cpicpgx.org/guidelines/guideline-for-phenytoin-and-cyp2c9-and-hla-b/



CPIC tables allow translation of genetic 
test results to actionability

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials

Genotypes to alleles
(e.g. g.94761900C>T + 

g.94762706A>G = 
CYP2C19*4B)

Functions to alleles 
(e.g. CYP2C19*4B = 

no function)

Alleles to diplotypes
(e.g. g.94761900CT + 

g.94762706AG = 
CYP2C19*1/*4B)

Diplotypes to 
phenotypes

(e.g. CYP2C19*1/*4B = 
intermediate 
metabolizer) 

Interpretation of phenotypes
(e.g. CYP2C19 intermediate 

metabolizer = altered 
dosing recommendations 

for TCAs but not 
clopidogrel)

Phenotypes to 
actionability

(e.g. intermediate 
metabolizer + Rx for 

amitriptyline = 
interruptive alert)

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials


Variants must be phased to assign 
diplotypes for pharmacogenes

CPIC Gene Var/var different than var/wt?

TPMT Yes
CYP2C19 Yes
CYP2D6 Yes
DPYD Yes
CYP2C9 Yes
SLCO1B1 Yes
HLA-B No
VKORC1 Yes
IL28-B Yes
CFTR No
G6PD Yes
UGT1A1 Yes
CYP3A5 Yes



CYP2D6: 207 diplotypes observed 
in first 4046 pts on PG4KDS

TPMT is much simpler



CPIC tables allow translation of genetic 
test results to actionability

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials

Genotypes to alleles
(e.g. g.94761900C>T + 

g.94762706A>G = 
CYP2C19*4B)

Functions to alleles 
(e.g. CYP2C19*4B = 

no function)

Alleles to diplotypes
(e.g. g.94761900CT + 

g.94762706AG = 
CYP2C19*1/*4B)

Diplotypes to 
phenotypes

(e.g. CYP2C19*1/*4B = 
intermediate 
metabolizer) 

Interpretation of phenotypes
(e.g. CYP2C19 intermediate 

metabolizer = altered 
dosing recommendations 

for TCAs but not 
clopidogrel)

Phenotypes to 
actionability

(e.g. intermediate 
metabolizer + Rx for 

amitriptyline = 
interruptive alert)

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials


Genotype to phenotype assignment 
based on allele function

https://cpicpgx.org/guidelines/guideline-for-voriconazole-and-cyp2c19/

Clin Pharmacol Ther. 2017 Jul: 102 (1):45-51.



Genotype to phenotype assignment 
based on allele function

There are differences in genotype to 
phenotype assignment between the 
CPIC and the DPWG guidelines. We are 
in the process of working together to 
resolve these discordances.



https://www.pharmgkb.org/page/cyp2c19RefMaterials
https://cpicpgx.org/guidelines/guideline-for-voriconazole-and-cyp2c19/



CPIC tables allow translation of genetic 
test results to actionability

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials

Genotypes to alleles
(e.g. g.94761900C>T + 

g.94762706A>G = 
CYP2C19*4B)

Functions to alleles 
(e.g. CYP2C19*4B = 

no function)

Alleles to diplotypes
(e.g. g.94761900CT + 

g.94762706AG = 
CYP2C19*1/*4B)

Diplotypes to 
phenotypes

(e.g. CYP2C19*1/*4B = 
intermediate 
metabolizer) 

Interpretation of phenotypes
(e.g. CYP2C19 intermediate 

metabolizer = altered 
dosing recommendations 

for TCAs but not 
clopidogrel)

Phenotypes to 
actionability

(e.g. intermediate 
metabolizer + Rx for 

amitriptyline = 
interruptive alert)

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials


Drive CDS off of problem list entry



Post-test alert can incorporate non-genetic info too: based on
CYP2C19 phenotype, route of administration, age



High risk 
phenotype 

result?

Enter test 
result in EHR

Add 
consultation/ 

interpretation to 
EHR

Pt on high-
risk drug 

now?

Medication 
evaluation or 
reassessmentd

No

Add coded 
phenotype 

summary to EHR

Yes

YesNo

CYP2C9 
test result 
obtained

Result is 
available 
for Post-
Test CDS

No 
additional 
gene-based 

CDS

Blue shading indicates interaction with provider

Integrating substrate-dependence into 
genotype-to-phenotype translation

There are now 
available 
SNOMED terms 
for phenotypes



High risk 
drug order 
initiated

CDS Pre-test Alert 
Message

(additional action 
may be considered)

No

YesGenetic test 
results on 

file?

High risk 
phenotype?

CDS Post-test alert or 
notify prescriber with 

recommendation

No post-test 
alert required; 
continue with 

drug order

No

Yes

Integrating substrate-dependence into 
genotype-to-phenotype translation



Integrating substrate-dependence into 
genotype-to-phenotype translation

Genotype/Diplotype

Drug-agnostic Phenotype 
(e.g., CYP2C19 intermediate 

metabolizer

Recommendation

• Is there enough clinical evidence to allow for clinical 
recommendations based on genotype/diplotype?

• How would this affect current system/implementation? 

Genotype/Diplotype

Drug-based phenotype
(e.g., clopidogrel intermediate 

metabolizer)

Recommendation

Option 1: Option 2:



High risk 
drug order 
initiated

CDS Pre-test Alert 
Message

(additional action 
may be considered)

No

YesGenetic test 
results on 

file?

High risk 
phenotype?

CDS Post-test alert or 
notify prescriber with 

recommendation

No post-test 
alert required; 
continue with 

drug order

No

Yes

Integrating substrate-dependence into 
genotype-to-phenotype translation

Change to diplotype or drug-based phenotype?

How would this impact problem list entry or use 
of standardized terminology such SNOMED?



High risk 
drug order 
initiated

CDS Pre-test Alert 
Message

(additional action 
may be considered)

No

YesGenetic test 
results on 

file?

High risk 
phenotype?

CDS Post-test alert or 
notify prescriber with 

recommendation

No post-test 
alert required; 
continue with 

drug order

No

Yes

Integrating substrate-dependence into 
genotype-to-phenotype translation

High risk 
diplotype?

No post-test 
alert required; 
continue with 

drug order

No

Yes



Integrating substrate-dependence into 
genotype-to-phenotype translation

Clin Pharmacol Ther. 2013 Sep;94(3):317-23



Integrating substrate-dependence into 
genotype-to-phenotype translation

Clin Pharmacol Ther. 2013 Sep;94(3):317-23



Integrating substrate-dependence into 
genotype-to-phenotype translation

BUT BEFORE THIS 
CHANGE….

https://cpicpgx.org/guidelines/guideline-for-voriconazole-and-cyp2c19/ Clin Pharmacol Ther. 2017 Jul: 102 (1):45-51.



Integrating substrate-dependence into 
genotype-to-phenotype translation

CYP2C19*1/17 CYP2C19*17/17

SNOMED Term: 
CYP2C19 Ultra-rapid Metabolizer

CYP2C19*17/17 plus Voriconazole ordered?

Yes

Post-test alert fires No post-test alert fires

No

Interpretation/ 
consult



Why not so straightforward?

• SNOMED CT terms
• Clinical evidence
• Scalability/Shareable
• Diplotype not always a discrete field in 

EHR



PharmCAT
To automate the annotation of .vcf files with 

the appropriate haplotypes or diplotypes 
from the CPIC guideline genes, and 

generate a report with the corresponding 
CPIC guideline prescribing 

recommendations
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