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CPIC allele function SOP

• The goal is to assign “Allele Clinical Functional Status” to all alleles (or 
to isolated variants), using standardized terms. 
• Increased, normal, decreased, no, uncertain, unknown

• “CPIC Allele Clinical Function status” 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. 



New format for allele functionality table



Description for Assignment of Allele Clinical 
Function to the allele vs categorizing as “uncertain”. 

• Supportive evidence needed to assign function vs uncertain
• Definitive: The role of this variant in this particular drug phenotype has been 

repeatedly demonstrated, and has been upheld over time.

• 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.



Description for Assignment of Allele Clinical 
Function to the allele vs categorizing as “uncertain”. 

• Supportive evidence needed to assign function vs uncertain
• 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

• 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.



Description for Assignment of Allele Clinical 
Function to the allele vs categorizing as “uncertain”. 
• Supportive evidence needed to assign function vs uncertain

• 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.



New format for allele functionality table



Allele functional status

• Expert panels have the option of also assigning “Allele Functional 
Status (not clinical)” to alleles. 

• This is to accommodate data on allele function that is of interest, but 
the data do not rise to such a level that this status could be used for 
assessing clinical actionability in prescribing. 

• This is a separate designation from the mandatory CPIC “Allele Clinical 
Function Status” (which is to be used for interpreting diplotypes into 
phenotypes and prescribing actionability), and this status will not be 
used for purposes of actionability in CPIC guidelines.  



Allele Clinical Function Substrate Specificity

• Although there are always some data that are specific to one substrate and not to 
others, substrate-specific considerations in assigning allele function should be 
relatively uncommon for pharmacogenes. 

• The Allele Definition, Allele Functionality, and Diplotype-to-Phenotype tables 
should be constructed assuming that an interpretation may be needed for each 
patient that is “substrate independent” (i.e. in the setting of preemptive 
genotyping, when a particular drug may not even yet be contemplated).

• However, the allele function table does allow for indicating which alleles have 
strong substrate specificity, such that different functions may be assigned to the 
allele with respect to drug A vs Drug B, and this information will be retrievable.

• Only when substrate specificity is so strong that it will impact interpretations of 
allele function and thereby affect prescribing recommendations for drug A vs 
drug B should it be noted in the allele function tables, with evidence supporting 
the particularly substrate specificity indicated in the row substrate specific 
function in the Allele Functionality Table.









CYP2C9/phenytoin
Type of experimental model (in 
vitro, in vivo preclinical, or 
clinical) 

Major findings 
References from 2014 (2014 
guideline supplement reference 
number (PMID:))

Level of evidence* 
(2014)

In vitro
CYP2C9*2 results in a 29% reduction in phenytoin clearance as compared with *1

36 Moderate

In vitro
CYP2C9*3 results in a 93-95% reduction in phenytoin clearance as compared with 
*1

36, 38

Moderate

BMC Pediatr. 2016 May 14;16:66. doi: 10.1186/s12887-016-0603-0.

https://www.ncbi.nlm.nih.gov/pubmed/?term=27179628


Clinical CYP2C9*3 is associated with drastically decreased celecoxib metabolism 
(increased celecoxib plasma concentration and decreased oral clearance).

Tang 2001 11337938

High

Brenner 2003 12603175

Kirchheiner 2003 12893985
Fries 2006 16401468
Lundblad 2006 16513453
Prieto-PÃ©rez
2013 23996211
Liu 2015 26360837
Kim 2017 27864660
Stempak 2005 16153401
Kusama 2009 19082874

Clinical CYP2C9*2 is NOT associated with decreased celecoxib metabolism (increased 
celecoxib plasma concentration and decreased oral clearance).

Tang 2001 11337938

High

Brenner 2003 12603175
Kirchheiner 2003 12893985
Fries 2006 16401468
Prieto-PÃ©rez 
2013 23996211
Kusama 2009 19082874

CYP2C9/celecoxib







When both alleles have no function, the phenotype of the patient is 
“poor metabolizer” or lowest level of phenotype. When patient has 
one “no function” allele and one “normal function” allele, they are 
intermediate metabolizers.  It is recognized that most “no function” 
alleles have some low level of function, so this is a relative term.



Summary from 1st call

• *2 and *3 have different levels of function

• *3/*3 is the closest to PM diplotype (with more evidence) so should 
be categorized as a “no function” 

• *1/*3 would be IM (one no function plus one normal function)

• *2 should categorized as “decreased function”



What we had to decide

• *2/*3 (one decreased function plus one no function = PM or IM)

• *1/*2 (one normal function plus one decreased function = IM or NM)

• *2/*2: IM?

• What about other alleles? Can they be grouped accordingly?



Vogl et al.



Kusama et al.









Warfarin dose

• recent meta-analysis by Lindh et al.
• 39 studies and 7907 patients:

• CYP2C9*1/*2 -- 19.6% lower than dose required for *1/*1

• CYP2C9*1/*3 -- 33.7% lower than dose required for *1/*1

• CYP2C9*2/*2 -- 36.0% lower than dose required for *1/*1

• CYP2C9*2/*3 -- 56.7% lower than dose required for *1/*1

• CYP2C9*3/*3 -- 78.1% lower than dose required for *1/*1



Siponimod: Genotype-based dosing

CYP2C9 genotype groups

*1/*1;*1/*2;*2/*2 Standard maintenance dose: 2 mg

*1/*3; *2/*3 Lower maintenance dose: 1 mg

*3/*3 Contraindicated

Siponimod is extensively metabolized, mainly via CYP2C9 (79.3%), followed by CYP3A4 (18.5%)

Drug exposure is significantly affected in patients who carry one or two copies of *3



Likely Phenotype Activity 

Score

Genotypes Examples of 

diplotypes

Normal metabolizer 2 An individual carrying two normal function alleles *1/*1

Intermediate metabolizer 1

1.5

An individual carrying one normal function allele plus one no 

function allele

two decreased function alleles 

one normal function allele plus one decreased function allele

*1/*3

*2/*2

*1/*2

Poor metabolizer 0.5

0

one no function allele plus one decreased function allele 

An individual carrying two no function alleles 

*2/*3

*3/*3



CYP2C9 CPIC clinical allele function status

• Authors were assigned alleles to review and we discussed all alleles 
on a conference call
• Decreased function alleles-closer to *2 or *3 function (decreased vs no 

function vs unclear)? 

• Assigned strength of evidence



Need feedback

• If are interested in providing feedback on the SOP, please email 
Kelly.caudle@stjude.org.

• Plan to write-up SOP for publication.

mailto:Kelly.caudle@stjude.org

