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CYP2D6

1988



90% of the population 10% of the population

Codeine is the same as placebo to 10% of the population     

And too active for 1-2% of the population
Poulsen et al Eur J Clin Pharm 

1996;51:289-95



12% of the population should not 
take codeine based on CYP2D6

10%

10%

2%

78%

Intermediate Metabolizer-low or no
activity

Poor Metabolizer-lower activity

Ultra-rapid Metabolizer-very high
activity

Extensive Metabolizer-normal
activity

codeine

But “don’t use 
codeine” is not 
enough…..



But genetic testing for this and other 
drugs remains extremely 

uncommon….



Realization:
There is no implementation 

fairy who is going to 
magically make this 

happen…..

If the pharmacogenomics 
research community doesn’t 
take on implementation, who 

else will?
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2009/2010 Survey of pgen “experts”: 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 assign phenotype) 

– Providing recommendations for selecting the 
drug/gene pairs to implement  

Clin Pharmacol Ther. 2011 89:464-7.



Goal of CPIC

• Accelerate implementation of research 
discoveries in pharmacogenomics into the 
clinic.  

• CPIC accomplishes this goal primarily by 
creating and providing freely available, peer-
reviewed, updatable, and detailed gene/drug 
pharmacogenetic clinical practice guidelines.



• 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.



• Posted on PharmGKB and capitalize on PharmGKB 
resources

• Freely available, no limits on use

• Peer reviewed, CPT first right of refusal to publish, 
standardized format, minimum set of elements

• Grading of evidence and of recommendations

• Can be updated on PharmGKB ahead of publications

• Authorship, COI policy

• Closely follow IOM practices
– Curr Drug Metab. 2014 Feb;15(2):209-17



History

PGRN

I & II: 2000-2010—network 
of ~ 8 UO1 research groups 
and PharmGKB

III: 2010-2015—funded 
PGRN-wide projects such as 
the Translational 
Pharmacogenomics Project 
(TPP)

IV: 2015-2020—3 P50 
research groups and 4 R24 
resources (including CPIC and 
PharmGKB)

CPIC

Started late 2009 

Some funding (part 
of existing funding 
and part of TPP 
2013-2015)

Separate R24s 
funded for CPIC 
and PharmGKB July 
2015 to June 2018 



www.pgrn.org



Specific Aims
1.  Create, curate, and update CPIC gene/drug guidelines for 
all gene/drug groupings that are clinically actionable (CPIC 
Level A and B); expand the guidelines to include definitive 
clinical recommendations for non-actionable drugs linked to 
otherwise actionable genes (CPIC Level C).
2.  Enhance access to and input into guidelines by external 
groups such as NIH’s Pharmacogenomics PGRN, NIH’s 
Genomic Medicine Working group, AHRQ’s 
www.guidelines.gov, NIH’s Genetic Test Registry, PubMed, 
FDA, ClinGen, IOM’s Genomic Medicine roundtable, 
professional societies, and EHR vendors by systematically 
evaluating community usage of CPIC guidelines on a 
quantitative, qualitative, and ongoing basis to respond to the 
community and make enhancements as needed.



• As of January 2016:

–>160 Members 

• Clinicians and scientists

• 86 institutions 

• 16 countries

–14 Observers (NIH and FDA)

–CPIC Informatics

• 19 members from 11 organizations



Academic, Hospital, 
Health Care Systems

Industry

2016 Members



CPIC Guidelines
2011

• TPMT – thiopurines
– Updated March 2013

• CYP2C19 – clopidogrel
– Updated Sept 2013

• CYP2C9, VKORC1 – warfarin
– Update underway

2012

• CYP2D6 – codeine
– Updated Apr 2014

• HLA-B – abacavir
– Updated Feb 2014

• SLCO1B1 – simvastatin
– Updated Oct 2014

2013

• HLA-B – allopurinol
– Updated Oct 2015

• CYP2D6, CYP2C19 – TCAs
– Update underway

• HLA-B -- carbamazepine

• DPYD -- 5FU / capecitabine

2014

• IL28B -- PEG interferon α

• CFTR -- Ivacaftor

• G6PD -- Rasburicase

• CYP2C9, HLA-B -- Phenytoin

2015

• CYP3A5 – tacrolimus

• CYP2D6, CYP2C19– SSRIs

• UGT1A1 – atazanavir

Guidelines in progress (as of 1/1/2016)

• CYP2C19 -- voriconazole

• CYP2D6 – tamoxifen

• CYP2D6 – ondansetron

• RYR1—succinylcholine



Current estimate: 17 genes, 86 drugs with 
pharmacogenetically-based prescribing

Number of current and planned 

CPIC genes, drugs and 

anticipated guidelines.

Genes Drugs Anticipated 

number of 

unique 

guidelines

Strong or Moderate prescribing 

action-CPIC level A

14 36 20 (17 

published)

Optional prescribing actions-CPIC 

level B

7a 50 9

No prescribing actions-CPIC level 

C

16b 47 20

aCurrently this is 3 unique genes (four are already subjects of CPIC 

level A guidelines). bCurrently this is 13 unique genes (three are also 

subject to CPIC level A or B guidelines for other drugs).

Feb 2016



How many gene/drug pairs should be 
used in the clinic now?

• ~ 1200 chemical entities 
approved as drugs,    ~ 
18,000 genes

• Actionable: ~ 17 genes, ~ 87 
drugs    (~ 30 guidelines)
– http://www.pharmgkb.org/page/c

picGeneDrugPairs

Relling & Evans, Nature, 2015

http://www.pharmgkb.org/page/cpicGeneDrugPairs


Feb 2016





Dosing recommendations: strength 
based on evidence



Initial Prioritization Considerations for New Gene/Drug Groups

New genes/drugs

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







14%

13%

9%

5%
5%

4%4%

3%
2%

2%
2%
2%

(*1/*2)2N (*1/*1)2N
(*1/*4)2N (*1/*17)2N
(*2/*4)2N (*1/*41)2N
(*2/*2)2N (*1/*1)1N
(*4/*4)2N (*2/*41)2N
(*2/*17)2N (*2/*29)2N
(*1/*10)2N (*2/*2)1N
(*4/*41)2N (-)2N
(*17/*17)2N (*1/*9)2N
(*1/*2)3N (*2/*9)2N
(*4/*4)1N (*2/*10)2N
(*1/*4)3N (*2/*4)3N
(*17/*29)2N (*41/*41)2N
(*1/*3)2N (*2/*3)2N
(*1/*29)2N (*17/*17)1N
(*4/*10)2N (*4/*17)2N
(*2/*2)3N (*29/*29)1N
(*4/*9)2N (*1/*1)3N
(*9/*41)2N (*6/*41)2N
(*2/*6)2N (*1/*4)2/3/3N
(*2/*17,*17/*42)2N (*29/*41)2N
(*4/*6)2N (*3/*4)2N
(*5/*5)0N (*2/*17)3N
(*1/*17)3N (*1/*10)2/3/3N
(*1/*40)2N (*4/*29)2N
(*2/*41)3N (*1/*6)2N
(*9/*9)1N (*2/*40)2N
(*41/*41)1N (*4/*29)3N
(*10/*29)2N (*2/*10)3N
(*17/*40)2N (*3/*17)2N
(*4/*40,*10/*40)2N (*29/*40)2N
(*2/*2,*2/*42,*42/*42)2N (*29/*29)2N
(*9/*17)2N (*18/*18)1N
(*2/*10)2/3/2N (*1/*4)2/2/1N
(*4/*4)2/3/3N (*1/*4)4N
(*2/*2)2/3/3N (*4/*41)3N
(*2/*3,*3/*17)2N (*1/*4)2/3/2N
(*1/*2,*1/*41)2N (*1/*6)1N

111 diplotypes observed for CYP2D6



> 111 CYP2D6 diplotypes have 
translated into 9 phenotype groups—a 

few of which are actionable

81%

6%

5%

2%

1% 1% 1% 1% 2%

EM

IM

PM

UM

Indeterminate

No Call

Possible IM

Possible PM

Possible UM



Main tables in CPIC guideline

• Main Table 1: example translations of diplotypes to 
phenotypes

• Main Table 2: prescribing recommendations linked to 
phenotypes, standard grading for strength of 
recommendation 

• Suppl Table: define each allele (one row per allele, one 
column per variant), assign function with citations, provide 
MAF in race groups

• Suppl Table: provide diplotype possibilities, assign 
phenotype, assign actionability, estimate frequencies in 
race groups, provide example CDS

• Suppl Table: summarize all relevant evidence that backs up 
prescribing recommendations, standard grading system



Main tables in CPIC guideline

• Main Table 1: example translations of diplotypes to 
phenotypes

• Main Table 2: prescribing recommendations linked to 
phenotypes, standard grading for strength of 
recommendation 

• Suppl Table: define each allele (one row per allele, one 
column per variant), assign function with citations, provide 
MAF in race groups

• Suppl Table: provide diplotype possibilities, assign 
phenotype, assign actionability, estimate frequencies in 
race groups, provide example CDS

• Suppl Table: summarize all relevant evidence that backs up 
prescribing recommendations, standard grading system



Table 1: Example translation of diplotypes 
to phenotypes

Clin Pharmacol Ther. 2011 Mar;89(3):387-91. 



Main tables in CPIC guideline

• Main Table 1: example translations of diplotypes to 
phenotypes

• Main Table 2: prescribing recommendations linked to 
phenotypes, standard grading for strength of 
recommendation 

• Suppl Table: define each allele (one row per allele, one 
column per variant), assign function with citations, provide 
MAF in race groups

• Suppl Table: provide diplotype possibilities, assign 
phenotype, assign actionability, estimate frequencies in 
race groups, provide example CDS

• Suppl Table: summarize all relevant evidence that backs up 
prescribing recommendations, standard grading system



Table 2: Linking phenotypes to prescribing actions



Main tables in CPIC guideline

• Main Table 1: example translations of diplotypes to 
phenotypes

• Main Table 2: prescribing recommendations linked to 
phenotypes, standard grading for strength of 
recommendation 

• Suppl Table: define each allele (one row per allele, one 
column per variant), assign function with citations, provide 
MAF in race groups

• Suppl Table: provide diplotype possibilities, assign 
phenotype, assign actionability, estimate frequencies in 
race groups, provide example CDS

• Suppl Table: summarize all relevant evidence that backs up 
prescribing recommendations, standard grading system
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CYP2C19 Allele
Allele Functional 

Status

*1 Normal function C C T G C G A C T T A A A
*2 No function
*3 No function

*4A No function G
*4B No function T G
*5 No function
*6 No function
*7 No function
*8 No function

*9
Decreased 
function

*10
Decreased 
function

*11 Normal function
*12 Unknown
*13 Normal function
*14 Unknown C
*15 Normal function C

*16
Decreased 
function

*17
Increased 
function

T

*18 Normal function

*19
Decreased 
function

G



Supplemental Table S2.  Association between allelic variants and DPD function

Functional Status Alleles Phenotype

Functional / normal activity/ wild-

type1 

*1

Non-functional, variant, or mutant / 

no activity 

*2A Associated with toxicity in most (2-6), 

but not all (7, 8). Observed in patients 

with low DPD activity (5, 8-15) and 

DPD deficiency (1). Observed in 

patients with severe or fatal toxicity (9, 

16-20). Associated with reduced 5-

fluorouracil clearance (11, 15) and 

inactive catalytic activity (21). 

*13 Associated with toxicity (6). Observed in 

patients with low DPD activity (22, 23).  

Observed in patients with severe or fatal 

toxicity (14). Associated with reduced 5-

fluorouracil clearance (6).

rs67376798 Observed in individuals with low DPD 

activity (14, 24). Associated with 

toxicity (2, 4-6, 17). Associated with 

reduced 5-fluorouracil clearance (6, 15).

Probable Reduced-function / 

decreased activity (these alleles are 

mostly very rare and so reports have 

been rare)

*3 Observed in individuals with DPD 

deficiency (1, 25).

*7 Observed in individuals with DPD 

deficiency (1).

*8 Observed in individuals with low DPD 

activity (1).

*9B Observed in individuals with low DPD 

activity (25, 26).

*10 Observed in individuals with DPD 

deficiency (1).

*11 Observed in individuals with low DPD 

activity (27).

*12 Observed in individuals with low DPD 

activity (27).

Unknown/unclear/contradictory 

evidence

*4† Observed in individuals with low DPD

activity (22, 28), but not in another study

(29).

Associated with toxicity (30, 31).

*5† Associated with toxicity in some (32) 

but not other studies (33). Not associated 





Main tables in CPIC guideline

• Main Table 1: example translations of diplotypes to 
phenotypes

• Main Table 2: prescribing recommendations linked to 
phenotypes, standard grading for strength of 
recommendation 

• Suppl Table: define each allele (one row per allele, one 
column per variant), assign function with citations, provide 
MAF in race groups

• Suppl Table: provide diplotype possibilities, assign 
phenotype, assign actionability, estimate frequencies in 
race groups, provide example CDS

• Suppl Table: summarize all relevant evidence that backs up 
prescribing recommendations, standard grading system



Genotype Test Result for SLCO1B1 Coded Genotype/Phenotype Summarya EHR Priority Result Notationb

*1a/*1a None Normal/Routine/Low Risk

*1a/*1b None Normal/Routine/Low Risk

*1a/*2 SLCO1B1 Intermediate Function Abnormal/Priority/High Risk

*1a/*3 SLCO1B1 Intermediate Function Abnormal/Priority/High Risk

*1a/*4 Indeterminate None

*1a/*5 SLCO1B1- Intermediate Function Abnormal/Priority/High Risk

*1a/*6 SLCO1B1 Intermediate Function Abnormal/Priority/High Risk

*1a/*7 Indeterminate None

*1a/*8 Indeterminate None

*1a/*9 SLCO1B1 Intermediate Function Abnormal/Priority/High Risk

*1a/*10 SLCO1B1 Intermediate Function Abnormal/Priority/High Risk

*1a/*11 Indeterminate None

*1a/*12 Indeterminate None

*1a/*13 Indeterminate None

*1a/*14 SLCO1B1 Increased Function None

*1a/*15 SLCO1B1 Intermediate Function Abnormal/Priority/High Risk

*1a/*16 Indeterminate None

*1a/*17 SLCO1B1 Intermediate Function Abnormal/Priority/High Risk

*1a/*18 Indeterminate None

*1a/*19 Indeterminate None

CPIC Translation Tables: diplotype 
to phenotype to actionability 



Clinical Pharmacology & Therapeutics (2014); 96 4, 423–428



Main tables in CPIC guideline

• Main Table 1: example translations of diplotypes to 
phenotypes

• Main Table 2: prescribing recommendations linked to 
phenotypes, standard grading for strength of 
recommendation 

• Suppl Table: define each allele (one row per allele, one 
column per variant), assign function with citations, provide 
MAF in race groups

• Suppl Table: provide diplotype possibilities, assign 
phenotype, assign actionability, estimate frequencies in 
race groups, provide example CDS

• Suppl Table: summarize all relevant evidence that backs up 
prescribing recommendations, standard grading system



Evidence for CYP3A5 and tacrolimus
Clinical In liver transplant patients, those with the recipient CYP3A5 

rs776746 CT or TT genotype (*1/*3 or *1/*1; "expressers") have 

decreased dose-adjusted trough concentrations of tacrolimus as 

compared to those with the CC genotype (*3/*3; 

"nonexpressers").

Uesugi et al. (2014) [171]

Xue et al. (2014) [33]

Jalil et al. (2014) [172]

Buendia et al. (2013) [173]

Gómez-Bravo et al. (2013) [118]

Shi et al. (2013) [39]

Chen et al. (2013) [51]

Chen et al. (2013) [54]

Ji et al. (2012) [79]

Muraki et al. (2011) [64]

Uesugi et al. (2006) [70]

Moderate

Clinical In liver transplant patients, no association was found between 

recipient CYP3A5 rs776746 genotype and dose-adjusted trough 

concentrations of tacrolimus.

Rahsaz et al. (2012) [131]

de Wildt et al. (2011) [150]

Zhang et al. (2011) [41]

Jun et al. (2009) [85]

Provenzani et al. (2009) [109]

Li et al. (2007) [46]

Wei-lin et al. (2006) [49]

Yu et al. (2006) [53]

Clinical In liver transplant patients, those with the donor CYP3A5 

rs776746 CT or TT genotype (*1/*3 or *1/*1; "expressers") have 

decreased dose-adjusted trough concentrations of tacrolimus as 

compared to those with the CC genotype (*3/*3; 

"nonexpressers").

Uesugi et al. (2014) [171]

Xue et al. (2014) [33]

Gómez-Bravo et al. (2013) [118]

Buendia et al. (2013) [173]

Rojas et al. (2013) [174]

Durand et al. (2013) [175]

Chen et al. (2013) [54]

Chen et al. (2013) [51]

Ji et al. (2012) [79]

Provenzani et al. (2011) [106]

Zhang et al. (2011) [41]

Muraki et al. (2011) [64]

Jun et al. (2009) [85]

Provenzani et al. (2009) [109]

Li et al. (2007) [46]

Wei-lin et al. (2006) [49]

High



All tables reference either allele function, 
phenotype, or both, but the terms were not 

standardized
• Main Table 1: example translations of diplotypes to 

phenotypes
• Main Table 2: prescribing recommendations linked to 

phenotypes, standard grading for strength of 
recommendation 

• Suppl Table: define each allele (one row per allele, one 
column per variant), assign function with citations, provide 
MAF in race groups

• Suppl Table: provide diplotype possibilities, assign 
phenotype, assign actionability, estimate frequencies in 
race groups, provide example CDS

• Suppl Table: summarize all relevant evidence that backs up 
prescribing recommendations, standard grading system



CPIC Phenotype Term Standardization 
Project

Phase 1

• Development

• Created a list of 
options for terms 
(literature review 
and survey to 
genetic testing 
labs)

Phase 2

• Prioritization

• Survey 1: Experts 
specified their 
level of agreement 
or disagreement on 
a symmetric agree-
disagree scale (1-
4) for each set of 
gene terms. 
Experts can also 
list additional 
terms.

Phase 3

• Refinement:

• Survey 2: For each 
gene, retained 
terms in which  
70% of the experts 
agreed or strongly 
agreed in Survey 1.

• Related terms were 
grouped together 
into value sets and 
experts specified 
their level of 
acceptance to sets 
of terms for each 
gene/gene group 
(acceptable/not 
acceptable).

Phase 4

• Consensus

• Survey 3-5: For 
each gene/gene 
group, retained top 
terms selected by 
experts.

• Repeat process 
until 70% 
consensus 
achieved.

Phase 5

• Validation

• After 70% 
consensus reached, 
terms were 
circulated to the 
experts again for 
final review and 
feedback (as part 
of survey 5).



Group memberships for Delphi process surveys for pgen terms

• CPIC

• ClinVar

• PGRN

• CDC Pgx 
nomenclature WG

• GA4GH's Clinical WG

• ClinGen PG and data 
modeling WG 

• IGNITE

• eMERGE

• IUPHAR 

• ACMG Laboratory Standards and 
Guidelines Committee

• CAP Pharmacogenetics WG

• HL7 Clinical Genomics WG

• IOM's Roundtable on Translating 
Genomic-Based Research for 
Health

• AMIA genomics and translational 
bioinformatics WG

• European Medicines Agency

• G2MC Pharmacogenomics WG



Final Terms-Allele function

Term/Gene 

Category

Final Term* Functional Definition Example 

diplotypes/alleles

Allele 

Functional 

Status-all 

genes

Increased Function Function greater than normal function CYP2C19*17

Normal Function Fully functional/wild-type CYP2C19*1

Decreased Function Function less than normal function CYP2C19*9

No Function Non-functional CYP2C19*2

Unknown Function No literature describing function or 

the allele is novel

CYP2C19*29

Uncertain Function Literature supporting function is 

conflicting or weak

CYP2C19*12



Final Terms-Phenotype
Term/Gene 

Category

Final Term* Functional Definition Example 

diplotypes/alleles

Term/Gene 

Category
Phenotype-Drug 

Metabolizing 

Enzymes 

(CYP2C19, 

CYP2D6, 

CYP3A5, 

CYP2C9, TPMT, 

DPYD, UGT1A1) 

Ultra-rapid Metabolizer Increased enzyme activity compared 

to rapid metabolizers.

Two increased function alleles, 

or more than 2 normal function 

alleles

CYP2C19*17/*17

CYP2D6*1/*1XN

Rapid Metabolizer Increased enzyme activity compared 

to normal metabolizers but less than 

ultra-rapid metabolizers.

Combinations of normal 

function and  increased function 

alleles

CYP2C19*1/*17

Normal Metabolizer Fully functional enzyme activity Combinations of normal 

function and decreased function 

alleles

CYP2C19*1/*1

Intermediate 

Metabolizer

Decreased enzyme activity (activity 

between normal and poor metabolizer)

Combinations of normal 

function, decreased function, 

and/or no function alleles

CYP2C19*1/*2

Poor Metabolizer Little to no enzyme activity Combination of  no function 

alleles and/or decreased 

function alleles

CYP2C19*2/*2

Phenotype-

Transporters 

(SLCO1B1)

Increased Function Increased transporter function 

compared to normal function.

One or more increased function 

alleles

SLCO1B1*1/*14

Normal Function Fully functional transporter function Combinations of normal 

function and/or decreased 

function alleles

SLCO1B1*1/*1

Decreased Function Decreased transporter function 

(function between normal and poor 

function)

Combinations of normal 

function, decreased function, 

and/or no function alleles

SLCO1B1*1/*5

Poor Function Little to no transporter function Combination of  no function 

alleles and/or decreased 

function alleles

SLCO1B1*5/*5

Phenotype-High 

risk genotype 

status (HLA-B)

Positive Detection of high-risk allele Homozygous or heterozygous 

for high-risk allele

HLA-B*15:02

Negative High risk-allele not detected No copies of high-risk allele



Next Steps 
• Use final terms in CPIC Guidelines 

• Dissemination 
– Abstract submitted to American Medical Informatics 

Association (AMIA) Translational Bioinformatics 
Meeting 

– Manuscript submitted

• Work with groups for endorsement
– Association of Molecular Pathology

– IOM’s DiGITIZE Action Collaborative

– LOINC-Terms accepted December 2016



LOINC



Groups in process of 
endorsing/adopting CPIC standardized 

phenotype terms
• PGx Nomenclature Work Group

• ClinGen

• International Association for Therapeutic Drug 
Monitoring and Clinical Toxicology (IATDMCT) 
Pharmacogenetics Committee

• CAP’s Pharmacogenetics WG



CPIC Guideline Users

• Identified 67 CPIC guideline users:
– 30 using CPIC guidelines to inform implementation

• 20 Academic/Non-profit/Health-care system

• 9 Commercial (Clinical or direct-to-consumer laboratory)

• 1 Government (IGNITE)

– 58 using CPIC guidelines as part of teaching, training, 
or competency tool 
• 18 Academic/Non-profit/Health-care system

• 14 Commercial

• 12 Educational Resource/CE

• 4 Government

• 10 Professional Societies





22 implementers listed



ASHP is endorsing CPIC guidelines



External interactions with other groups

• Endorsement by professional societies
– ASCPT, ASHP

• Continue interactions with www.guidelines.gov, 
NIH’s GTR, PubMed, FDA, NHGRI’s Genomic 
Medicine Working Group, IOM’s Genomic 
Medicine Roundtable, DIGITiZE, AMP, PGRN, 
AMIA, and eMERGE

• ClinGen/ClinVar 
– CPIC has a 4-star review status (i.e. professional 

guideline) for submissions to ClinVar
– However, submissions are labor-intensive

http://www.guidelines.gov/




Switch to ClinVar slides





Biggest consumers of effort

• Need to clearly define each allele using 
standardized system, assign function to alleles

• Fine-tune system for evaluating and grading 
evidence



CPIC recent priorities 

• Continue to write new guidelines and update old ones
• Further standardize evidence review
• Streamline table building; add phenotype-by-race frequencies
• Make all elements needed for CDS “machine readable”
• Standardized terms for allele fx and phenotypes
• Provided actionable pharmacogenes for ACMG secondary findings
• Helped ASCPT operationalize endorsements
• CPIC trademarked
• Renewing contract with ASCPT/CPT as journal
• Established website independent from PharmGKB-cpicpgx.org
• Established SAB
• Added list of implementers as users



Changes over last 6 yrs

• More emphasis on process of guideline 
development, authorship policies

• Prioritization scheme for gene/drug pairs

• More comprehensive listing of alleles

• More formalized interactions with “external” 
groups

• More emphasis on EHR compatibility: 
translation tables suitable, standardization of 
terms, CDS language



CPIC issues to discuss 

• How best to assess usage of CPIC guidelines?

• How to improve interactions with external 
groups?

• How to prioritize given limited resources?

• Plan for sustainability over time

• How to interact with SAB?

• Timeline: grant renewal application likely due 
summer of 2017
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Guidelines.gov
Number of CPIC guideline page views reported by guidelines.gov (through July 2015)

Title
Date

Posted
Page
Views

Clinical Pharmacogenetics Implementation Consortium guidelines for HLA-B genotype and 
abacavir dosing.

7/26/2013 10159

Clinical Pharmacogenetics Implementation Consortium guidelines for human leukocyte antigen-
B genotype and allopurinol dosing.

7/26/2013 10253

Clinical Pharmacogenetics Implementation Consortium guideline for CYP2D6 and CYP2C19 
genotypes and dosing of tricyclic antidepressants.

7/26/2013 14623

Clinical Pharmacogenetics Implementation Consortium guidelines for thiopurine 
methyltransferase genotype and thiopurine dosing.

7/26/2013 10171

Clinical Pharmacogenetics Implementation Consortium guidelines for CYP2C19 genotype and 
clopidogrel therapy: 2013 update.

2/14/2014 7648

Clinical Pharmacogenetics Implementation Consortium guidelines for HLA-B genotype and 
carbamazepine dosing.

2/14/2014 6961

Clinical Pharmacogenetics Implementation Consortium guidelines for cytochrome P450 2D6 
genotype and codeine therapy: 2014 update.

8/29/2014 12543

Clinical Pharmacogenetics Implementation Consortium guidelines for dihydropyrimidine 
dehydrogenase genotype and fluoropyrimidine dosing.

8/29/2014 1842

Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines for IFNL3 (IL28B) 
genotype and PEG interferon-α–based regimens.

8/29/2014 2054

Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines for ivacaftor therapy in 
the context of CFTR genotype.

12/5/2014 1738

The Clinical Pharmacogenetics Implementation Consortium guideline for SLCO1B1 and 
simvastatin-induced myopathy: 2014 update.

3/13/2015 11874

Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines for rasburicase therapy 
in the context of G6PD deficiency genotype.

3/13/2015 1223

http://guideline.gov/content.aspx?id=39535
http://guideline.gov/content.aspx?id=39536
http://guideline.gov/content.aspx?id=43954
http://guideline.gov/content.aspx?id=43955
http://guideline.gov/content.aspx?id=47077
http://guideline.gov/content.aspx?id=47078
http://guideline.gov/content.aspx?id=47993
http://guideline.gov/content.aspx?id=47994
http://guideline.gov/content.aspx?id=47995
http://guideline.gov/content.aspx?id=48407
http://guideline.gov/content.aspx?id=48784
http://guideline.gov/content.aspx?id=48785




cites/year of each paper, normalized to the citations per year received by NIH-
funded papers in the same field and year. A paper with an RCR of 1.0 has received 
the same number of cites/year as the average NIH-funded paper in its field, while a 
paper with an RCR of 2.0 has received twice as many cites/year as the average NIH-
funded paper in its field. (Average high-impact Nature article ~ 4). 



Year Title Authors RCR

2013

Clinical Pharmacogenetics Implementation 
Consortium guidelines for dihydropyrimidine 

dehydrogenase genotype and fluoropyrimidine 
dosing.

Caudle, K E; Thorn, C F; Klein, T E; Swen, J J; McLeod, H L; Diasio, R B; 
Schwab, M

4.44

2013
Clinical Pharmacogenetics Implementation 

Consortium guidelines for CYP2C19 genotype and 
clopidogrel therapy: 2013 update.

Scott, S A; Sangkuhl, K; Stein, C M; Hulot, J-S; Mega, J L; Roden, D M; 
Klein, T E; Sabatine, M S; Johnson, J A; Shuldiner, A R;

8.97

2013
Clinical Pharmacogenetics Implementation 

Consortium guidelines for HLA-B genotype and 
carbamazepine dosing.

Leckband, S G; Kelsoe, J R; Dunnenberger, H M; George, A L; Tran, E; 
Berger, R; Müller, D J; Whirl-Carrillo, M; Caudle, K E; Pirmohamed, M;

4.92

2013
Clinical Pharmacogenetics Implementation 

Consortium guideline for CYP2D6 and CYP2C19 
genotypes and dosing of tricyclic antidepressants.

Hicks, J K; Swen, J J; Thorn, C F; Sangkuhl, K; Kharasch, E D; Ellingrod, V 
L; Skaar, T C; Müller, D J; Gaedigk, A; Stingl, J C;

10.66

2013

Clinical pharmacogenetics implementation 
consortium guidelines for thiopurine 

methyltransferase genotype and thiopurine dosing: 
2013 update.

Relling, M V; Gardner, E E; Sandborn, W J; Schmiegelow, K; Pui, C-H; 
Yee, S W; Stein, C M; Carrillo, M; Evans, W E; Hicks, J K; Schwab, M; 

Klein, T E

9.59

2013
Clinical Pharmacogenetics Implementation 
Consortium guidelines for human leukocyte 
antigen-B genotype and allopurinol dosing.

Hershfield, M S; Callaghan, J T; Tassaneeyakul, W; Mushiroda, T; Thorn, 
C F; Klein, T E; Lee, M T M

6.19

2012
The clinical pharmacogenomics implementation 

consortium: CPIC guideline for SLCO1B1 and 
simvastatin-induced myopathy.

Wilke, R A; Ramsey, L B; Johnson, S G; Maxwell, W D; McLeod, H L; 
Voora, D; Krauss, R M; Roden, D M; Feng, Q; Cooper-Dehoff, R M; 

Gong, L; Klein, T E; Wadelius, M; Niemi, M;

7.69

2012
Clinical pharmacogenetics implementation 

consortium guidelines for HLA-B genotype and 
abacavir dosing.

Martin, M A; Klein, T E; Dong, B J; Pirmohamed, M; Haas, D W; Kroetz, 
D L;

4.52

2012

Clinical Pharmacogenetics Implementation 
Consortium (CPIC) guidelines for codeine therapy in 

the context of cytochrome P450 2D6 (CYP2D6) 
genotype.

Crews, K R; Gaedigk, A; Dunnenberger, H M; Klein, T E; Shen, D D; 
Callaghan, J T; Kharasch, E D; Skaar, T C;

13.47

2011
Clinical Pharmacogenetics Implementation 

Consortium Guidelines for CYP2C9 and VKORC1 
genotypes and warfarin dosing.

Johnson, J A; Gong, L; Whirl-Carrillo, M; Gage, B F; Scott, S A; Stein, C 
M; Anderson, J L; Kimmel, S E; Lee, M T M; Pirmohamed, M; Wadelius, 

M; Klein, T E; Altman, R B;

9.68

2011
Clinical Pharmacogenetics Implementation 

Consortium guidelines for cytochrome P450-2C19 
(CYP2C19) genotype and clopidogrel therapy.

Scott, S A; Sangkuhl, K; Gardner, E E; Stein, C M; Hulot, J-S; Johnson, J 
A; Roden, D M; Klein, T E; Shuldiner, A R;

8.86

2011
Clinical Pharmacogenetics Implementation 

Consortium guidelines for thiopurine 
methyltransferase genotype and thiopurine dosing.

Relling, M V; Gardner, E E; Sandborn, W J; Schmiegelow, K; Pui, C-H; 
Yee, S W; Stein, C M; Carrillo, M; Evans, W E; Klein, T E;

11.04

2011
CPIC: Clinical Pharmacogenetics Implementation 
Consortium of the Pharmacogenomics Research Relling, M V; Klein, T E

9.61



CPIC meetings

• CPIC luncheon meeting—open to CPIC members

– Thursday March 10th, 2016 Noon-1:30 PM

– Hilton Bayfront Hotel, San Diego, CA

– Email: kelly.caudle@stjude.org to attend

• CPIC Meeting (a specialty meeting of the PGRN)

– Wednesday March 15th, 2017

– Marriott Wardman Park Hotel, Washington DC

– Further details pending.

mailto:kelly.caudle@stjude.org


• To standardize phenotype terms in the CPIC guidelines 
and harmonize terms with external groups (e.g., ClinGen, 
IOM, etc.) to facilitate use in Electronic Health Records
– Allele functional status terms (Table 1 in guideline)

• Low, absent, high, intermediate

– Phenotype (i.e. from diplotypes; Table 2 in guideline)

• UM, EM, IM, PM 



CPIC website: www.cpicpgx.org

CPIC guidelines and list of CPIC 
genes/drugs

CPIC information

CPIC announcements

Coming soon: List of implementers



CPIC slides

CPIC logo

CPIC projects

CPIC information available at cpicpgx.org



CPIC guidelines are 
posted on PharmGKB 
(www.pharmgkb.org)



CPIC guidelines linked to “Practice 
Guideline” filter on PubMed





CPIC is cited in NIH’s Genetic Test Registry (GTR) 
for clinical pharmacogenetic tests


