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• As of October 2019:

• >385 Members 
• Clinicians and scientists

• 292 institutions 

• 35 countries

• 14 Observers (NIH, FDA, professional 
societies)

• CPIC Informatics
• >35 members from 25 organizations



Academic, Hospital,
Health Care Systems

Industry

>385 members



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

2018 

• RYR1/CACNA1S– inhaled 
anesthetics

• TPMT/NUDT15 – thiopurines—
UPDATE

2019 (in progress included)

• CYP2B6—efavirenz-published

• CYP2D6—atomoxetine-published

• CYP2C19/PPI

• CYP2C9/HLA-phenytoin—UPDATE

• CYP2C9/NSAIDS

• CYP2D6/codeine-UPDATE (to 
include other opioids)

• CYP2C19/clopidogrel-UPDATE

• mtRNR1/aminoglycosides

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/



23 guidelines; 20 genes and 46 drugs

• TPMT, NUDT15

– MP, TG, azathioprine

• CYP2D6

– Codeine, tramadol, hydrocodone, oxycodone, TCAs, 
tamoxifen, SSRIs, ondansetron, tropisetron, atomoxetine

• CYP2C19

– TCAs, clopidogrel, voriconazole, SSRIs, PPIs (in 
progress)

• VKORC1

– Warfarin

• CYP2C9

– Warfarin, phenytoin, NSAIDs (in progress)

• CYP4F2

• Warfarin

• HLA-B

--Allopurinol, CBZ, Oxcarbazepine, abacavir, phenytoin

• HLA-A

• CBZ

• CFTR

-- Ivacaftor

• DPYD

– 5FU, capecitabine, tegafur

• G6PD

– Rasburicase

• UGT1A1

– Atazanavir

• SLCO1B1

– Simvastatin

• IFNL3 (IL28B)

– Interferon

• CYP3A5

– Tacrolimus

• CYP2B6

• Efavirenz 

• RYR1, CACNA1S

• Inhaled anesthetics

• mRNR1 (in progress)
• aminoglycosides

https://cpicpgx.org/guidelines/



https://cpicpgx.org/prioritization-of-cpic-guidelines/

https://cpicpgx.org/prioritization-of-cpic-guidelines/


Links to guideline pages

https://cpicpgx.org/guidelines/





CPIC assigns actionability levels to gene/drug pairs

e.g. CYP2D6/propranolol e.g. GSTM1/cisplatin
e.g. TPMT/mercaptopurine
CYP4F2/warfarin



> 52,000 
hits/year

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

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


CPIC slides

CPIC projects

CPIC logo



https://cpicpgx.org/implementation/



https://cpicpgx.org/endorsements/

https://cpicpgx.org/endorsements/


“external” 
interactions





Clin Pharmacol Ther. 2018 May;103(5):770-777.

https://www.ncbi.nlm.nih.gov/pubmed/29385237


Clin Pharmacol Ther. 2018 May;103(5):770-777.

https://www.ncbi.nlm.nih.gov/pubmed/29385237


https://cpicpgx.org/resources/cyp2d6-genotype-to-phenotype-standardization-project/

https://cpicpgx.org/resources/cyp2d6-genotype-to-phenotype-standardization-project/


Inferred 

CYP2D6 

Phenotype

Previous 

CPIC 

Definition 

(AS)

Previous 

DPWG 

Definition 

(AS)

Consensus 

Definition 

(AS)

Consensus 

Contiguous 

Definition 

(AS)

Examples of CYP2D6 

diplotypes for consensus 

translation method

Ultrarapid 

Metabolizer

>2 >2.5 >2.25 >2.25 *1/*1xN, *1/*2xN, *21/*2xN, 

*1x2/*9

Normal 

Metabolizer

1-2 1.5-2.5 1.25

1.5

2.0

2.25

1.25 ≤ x ≤ 

2.25

*1/*1, *1/*2, *1/*9, *1/*41, 

*1/*10, *2x2/*10

Intermediate 

Metabolizer

0.5 0.5-1 0.25

0.5

0.75

1

0 < x <1.25 *4/*10, *4/*41, *1/*5, *10/*10, 

*41/*41

Poor 

Metabolizer

0 0 0 0 *3/*4, *4/*4, *5/*5, *5/*6



CPIC guideline development process

Formation of writing committee

Authorship plan
• International panel of experts in the guideline topic
• Managing conflicts of interest
• CPIC Steering Committee approval

Evidence Review

• Call with experts to determine scope/keywords
• Stanford staff does initial search and drafts evidence tables
• 2-3 authors score each major finding 
• All authors review and agree to final consensus scores

Draft recommendation
• FDA labelling
• Other professional guidelines
• Recommendation based off of phenotype

Gene specific tables

• Allele definition table
• Frequency table
• Functionality table
• Genotype to phenotype translation



Supporting Tables and Materials

• Allele definition table

• Allele functionality table

• Allele frequency table

• Diplotype/phenotype table
• Example EHR interpretation consult note text

• Implementation workflow

• Pre and post test alerts
• Flow chart

• Files mapping gene and drug names to other nomenclatures/IDs



CPIC tables allow translation of genetic 
test results to actionability

Genotypes to alleles

(e.g. 1847G>A + 100C>T)

Functions to alleles 

(e.g. CYP2D6*4 = no 
function)

Alleles to diplotypes

(e.g. g.94761900CT + 
g.94762706AG = 
CYP2D6*1/*4)

Diplotypes to phenotypes

(e.g. CYP2D6*1/*4 = 
intermediate 
metabolizer) 

Interpretation of phenotypes

(e.g. CYP2D6 intermediate 
metabolizer = altered dosing 
recommendations for TCAs 

but not codeine)

Phenotypes to 
actionability

(e.g. intermediate 
metabolizer + Rx for 

amitriptyline = 
interruptive alert)

CYP2D6 allele 
definition table

CYP2D6 allele 
functionality table

CYP2D6 genotype to 
phenotype table

Table 1

CPIC interpretation 
consult note

CYP2D6 genotype to 
phenotype table

Amitriptyline pre- and 
post-test alerts and flow 

chart



CPIC tables allow translation of genetic 
test results to actionability

Genotypes to alleles

(e.g. 1847G>A + 100C>T)

Functions to alleles 

(e.g. CYP2D6*4 = no 
function)

Alleles to diplotypes

(e.g. g.94761900CT + 
g.94762706AG = 
CYP2D6*1/*4)

Diplotypes to phenotypes

(e.g. CYP2D6*1/*4 = 
intermediate 
metabolizer) 

Interpretation of phenotypes

(e.g. CYP2D6 intermediate 
metabolizer = altered dosing 
recommendations for TCAs 

but not codeine)

Phenotypes to 
actionability

(e.g. intermediate 
metabolizer + Rx for 

amitriptyline = 
interruptive alert)

Allele definition 
table

Allele functionality 
table

Genotype to phenotype 
table

Table 1

CPIC interpretation 
consult note

Genotype to phenotype 
table

Pre- and post-test alerts 
and flow chart



Assignment of phenotype based on allele function

Clin Pharmacol Ther. 2017 Aug;102(2):213-218.

https://www.ncbi.nlm.nih.gov/pubmed/28002639


CPIC Allele Clinical Function

• Will be used to generate lists of clinically actionable variants
• If that variant were present in the right gene dosage (e.g. usually as part of a 

diplotype with another similarly actionable variant), prescribing decisions 
would be altered from the normal baseline prescribing actions. 

• Clinical function assignment will be given if the evidence is strong 
enough to inform prescribing actionability

• The threshold for what evidence is enough to inform actionability 
may differ for different genes.



Allele Clinical Function to the allele vs categorizing 
as “uncertain”
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DEFINITIVE
The role of this variant in this particular drug phenotype has been repeatedly demonstrated, and has been upheld over
time (in general, at least 3 years). No convincing evidence has emerged that contradicts the role of the variant in the
specified drug phenotype.

STRONG
The role of this variant in the drug phenotype has been independently demonstrated in at least two separate clinical 
studies providing strong supporting evidence for this variant’s role in drug phenotype and there is compelling variant-
level evidence from different types of supporting experimental data.
In addition, no convincing evidence has emerged that contradicts the role of the variant in the noted drug phenotype.

MODERATE
There is moderate evidence to support a causal role for this variant in this drug phenotype, including both of the

following types of evidence:

• At least 2 patient cases evidence for drug phenotype causality

• Some experimental data supporting the variant-drug phenotype association

And no convincing evidence has emerged that contradicts the role of the variant in the noted drug phenotype.

LIMITED
There is limited evidence to support a causal role for this variant in this drug phenotype, such as:

• Fewer than 2 patient cases 

• experimental or computational data supporting the variant-drug phenotype association

And no convincing evidence has emerged that contradicts the role of the
variant in the noted drug phenotype.

Inadequate EVIDENCE = uncertain 

function

* Fewer than 2 patient cases with no convincing experimental data, or

* fewer than 2 patient cases and extremely limited or conflicting experimental data.

This designation should be used when the evidence is not strong enough to support a clinical functional status that can 

inform prescribing actionability. The threshold for what evidence is enough to inform actionability may differ for 

different genes.





Allele Frequency File Updates

• Populations binned into different supersets based on guideline
• E.g. Egyptians: African, Middle Eastern, Caucasian

• Biogeographical

population 

groups from 
• Standardized 

biogeographic 

grouping system

for annotating 

populations in 

pharmacogenetic research. (2018) Clinical Pharmacology and Therapeutics, epub. 



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

https://www.ncbi.nlm.nih.gov/pubmed/27441996


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

https://www.ncbi.nlm.nih.gov/pubmed/27441996


Standardization not completed for all known 
pharmacogenes or consensus not reached

Caudle KE, et al. Genet Med. 2017;19(2):215-223.



Term Standardization II

RYR1 Allele Functionality Table



Non-standardized genes with CPIC guidelines

Gene Drug CPIC Level
Efficacy, adverse 
reaction, both?

Description

RYR1/CACNA1S
halogenated 
anesthetics, 

succinylcholine
A Adverse reaction only

Variants in Ca channels cause 
adverse drug reaction

CFTR ivacaftor A Efficacy only
Loss of function variants predict 

drug efficacy (drug targets specific 
Cl channel variants)

G6PD rasburicase A Adverse reaction only
Variants cause adverse drug 
reaction through loss of drug 

detoxification pathway

IFNL3
peginterferon alfa-

2a
A Efficacy only Genotype predicts drug efficacy

VKORC1 warfarin A
Both efficacy and 
adverse reaction

Variants cause altered efficacy and 
adverse reaction risk due to dose 

sensitivity



Database & Application Programming 
Interface (API) Development
• Goals:

• Create a database to house CPIC information including recommendations, all 
supplemental table information (allele mappings, frequencies, function, 
diplotypes, etc.) and publications

• Create an API to query the database for internal CPIC use (eg. populate CPIC 
website, automatic table generation) and for external users wanting CPIC data
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