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PGx Resources
Over time + +

PharmGKB transition to ClinPGx grant and establishment
of ClinGen PGx Working Group (PGxWG) 

2022

2023 CPIC & PharmCAT transition to single grant 

DNA-Driven Rx

ClinPGx with bridge to ClinGen

PharmGKB, ClinPGx,
PharmCAT,  DDRx

with API to PharmVar

Partnership between 

PharmVar

Conceptualization of 



Benefits of leverage existing resources:  one location for standardized PGx information dissemination, 
define clinical relevance of PGx genes and variants, coordinate with ClinGen, submit to ClinVar.





https://clinpgx.org



https://pharmgkb.blogspot.com



https://blog.clinpgx.org



https://blog.clinpgx.org



How to “think” about ClinPGx?
”Think” Google Suite of Programs (but fewer )

powered by 

Educational
Resources

ClinPGx single sign-on (SSO)

Knowledge, Tools, Educational Materials & Videos,  
AI-generated information for different user groups  
and whatever the future holds





Mission: Build and support authoritative central 
resources that define the clinical relevance of 

genes and variants for use in precision medicine 
and research





ClinGen-CPIC-PharmGKB Partnership

• Displays 689 gene-drug pairs
• Active links
• CPIC level and PharmGKB 

level of evidence





ClinPGx & ClinGen – why are they in the same conversation?

• Integration between PGx resources & ClinGen
 Development of ClinPGx
 Re-instituted to PGx Working Group (PGxWG)
  Survey of PGx Community & Clinical Genomics  
  Communities to identify similarities/differences w/ClinGen 

  Significant agreement with ClinGen definitions with 
 modification for PGx

Broad participation across ClinGen in PGxWG including 
Actionability (Jessica Hunter), Variant Curation (Steve Harrison) 
and advice on Lumping & Splitting (Courtney Thaxton)

• Presented to the ClinPGx SAB and ClinGen SC and SC+ESP



Drawing by Jonathan Berg from ClinGen SC & ESP (May 2023)

Build the PGx frameworks for
Gene-drug validity

Variant classification
Actionability 

using the existing PGx resources
PharmGKB and CPIC



Pharmacogenomics is Integral to Genomic Medicine

• Clinical utility of PGx is established
• Integration is critical to achieving the goal of 

personalized/precision medicine
• PGx differs from disease genomics models

• Haplotypes and diplotypes rather than individual variants
• Requires specialized resources

• Time to move away from PGx silos; need for one-stop shopping for 
PGx



ClinGen PGxWG Members



Integration of PGx with ClinGen*
• ClinGen-CPIC-PharmGKB Partnership
• Dialogue with ClinGen efforts began in summer 2022

– Data harmonization with Allele Registry, Evidence Repository, GA4GH 
 (e.g.,  nomenclature, identifiers)
– Batch submission of PGx variants to ClinVar

• PGx Working Group
– Needs assessment survey development and analysis
– Gene-drug clinical validity framework
– Gene-drug actionability framework

• PGx expert representation on VCEPs (e.g., G6PD, DPYD) and GCEPs (i.e., 
HLA, DPYD)

• Tool development for curation expansion for both PGx and disease 
curation  (i.e., HLA)

*Integration of PGx into ClinGen became a focus of the Baylor/Stanford grant when Teri Klein became MPI in 2021



Needs Assessment Survey

• Survey V1.0 (PGx community, experts):
– 364 responses (February 2023)

• Survey V2.0 (broader clinical genetics community, stakeholders)
– 346 responses (June 2023)

• V2.0 includes additional branch for those with limited PGx familiarity

• Broad dissemination, primarily USA respondents but with 
international representation



Leading knowledge resources for PGx. Frequently used 
resources were leveraged for development of the PGx validity 
and actionability.



How to Integrate Disparate Resources:  
Purpose of the ClinGen PGxWG

• Build frameworks:
• gene-drug validity and actionability -> align with ClinGen
• PGx variant classification -> alternative to ACMG (benign to 

pathogenic)
• Create a more intuitive terminology for clinical genetics 

community 
• Reduce PGx testing reporting inconsistencies
• Aid in determining which PGx genes are worth testing
• Establish criteria for evaluating PGx relationships (clinical and 

functional evidence found in literature and databases)
• Leverage efforts from existing PGx resources



Gene-Drug Validity and Actionability, and 
Variant/Haplotype Classification Validity: assess the 

evidence to 
determine if a gene is 
associated with a 
particular drug 
response phenotype

Actionability: assess 
the evidence to 
determine if gene 
variation can be used 
to guide and/or 
modify drug 
prescribing



Gene-Drug Clinical Validity
• How strong is the evidence that genetic variations of 

a gene are associated with clinically relevant PGx 
outcomes, such as drug response (efficacy), 
adverse effects, drug dose requirements, PK 
measurements 

• Use parallel ClinGen terms for PGx validity
• Develop definitions for each level of evidence
• Develop a scoring range for each level of evidence
• Test with example gene-drug phenotypes for the 

scoring matrix
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Example: CYP2D6-codeine
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CYP2D6 plays a prominent role in codeine metabolism
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PGx validity defintions

		Gene-drug Validity

		Level 		Definition		Point range

		Definitive		The role of this gene in at least one type of clinical outcome phenotypes (efficacy, toxicity or dose) for this drug has been repeatedly demonstrated in both the research and clinical diagnostic settings and has been upheld over time (in general, at least 3 years). No convincing, adequately powered evidence has emerged that contradicts the role of the gene in the specified drug response phenotype. 		12->18		must have tox/efficac/dose?

		Strong		There is strong evidence to support a role for this gene in at least the pharmacokinetics of this drug, including at least "3" (?) separate, well-designed, well-powered clinical studies providing evidence for the role of this gene in the drug pharmacokinetics phenotype, with or without evidence on drug efficicy, toxicity or dose. AND no convincing evidence has emerged that contradicts the role of the gene in the noted drug phenotype.		12->18		can only have strong PK? >=3 studies?

		Moderate		There is moderate evidence to support causation and/or association for this gene in this drug response phenotype, typically including the following types of evidence: at least two clinical studies providing evidence for the gene's role in drug phenotypel. There is also likely a biologically plausible mechanism explaining how genetic variations in the gene could influence drug response or safety from functional studies. AND no convincing evidence has emerged that contradicts the role of the gene in the noted drug phenotype.		7->11		>=2 positive association studies?

		limited		Ther is a low level of (limited) evidence supporting the gene-drug association.  This association may be based on a single clinical study, or there may be several studies that failed to replicate this association. However, no convincing evidence has emerged that contradicts the role of the gene in the specific drug response phenotype.  The association may also be based on preliminary evidence (e.g., a case report or in vitro, molecular, or functional assay evidence). (Does it fall under limited?)		1->6

		refuted evidence		Although there has been an assertion of a gene-drug response association, the proponderance of evidence does not support an association between the gene and this particular drug response phenotype. Evidence refuting the initial reported evidence for the role of the gene in the specified drug response phenotype has been reported and significantly outweighs any evidence supporting the role.		0 or negative

		no known PGx association		There is no convincing evidence supporting or refuting the relationship between this gene and the drug response phenotype.		0



		Gene-drug Validity

		Level		Definition		Point range				Examples

		Definitive		The role of this gene in at least one type of clinical outcome phenotypes (efficacy, toxicity or dose) for this drug has been repeatedly demonstrated in both the research and clinical diagnostic settings and has been upheld over time (in general, at least 3 years). No convincing, adequately powered evidence has emerged that contradicts the role of the gene in the specified drug response phenotype.		12->18		must have tox/efficac/dose, upheld >=3 years		CYP2D6-codeine; CYP2C19-clopidogrel

		Strong		There is strong evidence to support a role for this gene in at least the pharmacokinetics of this drug, including at least "3" (?) separate, well-designed, well-powered clinical studies providing evidence for the role of this gene in the drug pharmacokinetics phenotype, with or without evidence on drug efficicy, toxicity or dose. AND no convincing evidence has emerged that contradicts the role of the gene in the noted drug phenotype.		12->18		can only have strong PK? >=3 studies?

		Moderate		There is moderate evidence to support causation and/or association for this gene in this drug response phenotype, typically including the following types of evidence: at least two clinical studies providing evidence for the gene's role in drug phenotypel. There is also likely a biologically plausible mechanism explaining how genetic variations in the gene could influence drug response or safety from functional studies. AND no convincing evidence has emerged that contradicts the role of the gene in the noted drug phenotype.		7->11		>=2 positive association studies?		CYP2D6-oxycodone

		limited		Ther is a low level of (limited) evidence supporting the gene-drug association. This association may be based on a single clinical study, or there may be several studies that failed to replicate this association. However, no convincing evidence has emerged that contradicts the role of the gene in the specific drug response phenotype. The association may also be based on preliminary evidence (e.g., a case report or in vitro, molecular, or functional assay evidence). (Does it fall under limited?)		1->6				CYP2D6-methadone

		Disputed evidence		Although there has been an assertion of a gene-drug response association, conflicting evidence for the role of this gene in drug response has arisen since the time of the initial report indicating a drug response phenotype association. Depending on the quantity and quality of evidence disputing the association, the association may be further defined by the following two sub-categories:

1. Disputed
Convincing evidence disputing a role for this gene in this drug response phenotype has arisen since the initial report identifying an association between the gene and drug response phenotype.
Refuting evidence need not outweigh existing evidence supporting the gene:drug response phenotype association				favor this?		CYP2D6-citalopram?

		refuted evidence		Although there has been an assertion of a gene-drug response association, the proponderance of evidence does not support an association between the gene and this particular drug response phenotype. Evidence refuting the initial reported evidence for the role of the gene in the specified drug response phenotype has been reported and significantly outweighs any evidence supporting the role.		0 or negative		refuted cases may be uncommon

		no known PGx association		There is no convincing evidence supporting or refuting the relationship between this gene and the drug response phenotype.		0





assertion rubic

		Gene-Drug Pair Clinical Validity

		Assertion criteria		Clinical Evidence (0-14 points)						Experimental evidence (0-4 points) (biological plausibility)		Total Points (0-18)

		Description		Outcomes (eff/tox/dose) (0-8 points)		PK (0-6 points)		Clinical Lab data/ClinVar? (No PMID?)		in vitro, function studies, computational? (metabolizing enzyme, target, transporter?)		sum of clinical and experimental

		Assigned Points

		Calculated Classificaiton								Definitive		12->18

										Strong		11->17

										Moderate		7->11

										Limited		1->6

										No PGx association		0

										Refuted		0 or negative

		Evidence Type		Suggested points		Suggested upgrade		Scoring range		Max Score

		Clinical outcome studies (eff/tox/dose)		CPIC/PharmGKB low/moderate/high (0-2, 3-5, 5-8)		consensus among resources?		0-8		8

		PK studies		low/moderate/high (0-2, 3, 4)				0-6		6

		Biological plausiblility		0-4				0-4		4

		Data from clinical labs/ClinVar? No PMID?

		Computational?

		Gene-drug actionability assertion rubric

		Assertion		Total Score 

		Limited actionability		<5

		Moderate actionability		5->8

		Strong actionability		8->12

		PGx actionability Scoring Metric		only consider gene-drug pairs with validity level moderate and above

		Assertion criteria		Score range (0-12)

		Severity of Outcomes		0-4

		Existence of actionable recommendations		0-4

		Expert Consensus		0-2

		Demonstrated utility		0-2





Sheet1

				Evidence Category		Evidence Concept		Evidence Code		Evidence component		Evidence Concept Cap		Evidence Category Cap

				Clinical evidence		Clincial outcomes

						Efficacy		EFF		CPIC		0-12		0-12

										PharmGKB

										DPWG

										FDA

										Peer-reviewed literature

						Toxicity		TOX		CPIC		0-12

										PharmGKB

										DPWG

										FDA

										Peer-reviewed literature

						Dose		DOS		CPIC		0-12?

										PharmGKB

										DPWG

										FDA

										Peer-reviewed literature

						Pharmacokinetics Evidence

						Pharmacokinetics 		PK		CPIC		0-6		0-6

										PharmGKB

										DPWG

										FDA

										Peer-reviewed literature

				Functional evidence		Mechnistic data/Function impact (ME/target/transporter/In vitro)		MEC		PharmGKB/literature		0-2		0-2

						Computational?

				Total										0-20?

				Mechanistic Evidence		Metabolizing Enzyme								0-2

						Drug target

						Drug transporter

																		Score Mapping

																		Evidence source 		Levels		Gene-Drug Validity Score

																		CPIC		High		10

																				Moderate		6

																				Low		2

																				No association (or no level)		0

																		PharmGKB		1A

																				1B

																				2A/2B		4

																				3		2

																				4 (or NA)		0

																		DPWG		4		10?

																				3		6?

																				2		2

																				1 (or NA)		0

																		FDA association table		Recommendation		6

																				safety/tox		6

																				PK		4

																										Clinical Outcomes		PK		Mechanistic/function		Total Score		Reolicatoin over time		Classification

																								SLCO1B1-fluvastatin		6		2		2		10				Moderate

																								HLA-B-carbamazepine		6 -> 10				2		8 ->12		Yes		Definitive (mot moderate)

																								CYP2D6-codeine		10		6		2		18		Yes		Definitive

																								CYP2D6-oxycodone		2		6		2		10		Yes		Moderate

																								CYP2D6-methadone		2		2		1		5				Limited

																										Clinical Outcomes		PK		Mechanistic/function		Total Score		Reolicatoin over time		Classification

																								CYP2D6-codeine		12		6		2		20		Yes		Definitive

																								SLCO1B1-fluvastatin		6		2		2		10				Moderate

																								HLA-B-carbamazepine		6 -> 10				2		8 ->12		Yes		Definitive (mot moderate)

																								CYP2D6-codeine		12		6		2		20		Yes		Definitive

																								CYP2D6-oxycodone		2		6		2		10		Yes		Moderate

																								CYP2D6-methadone		2		2		1		5				Limited
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				Column1		Column2		Column3

				Gene-drug pair		Validity		Actionability

				CYP2D6-codeine		Strong		Strong

				OPRM1-codeine		Strong		Limited

				CYP2D6-oxycodone		Moderate		Limited

				SLCO1B1-fluvastatin		Moderate		Moderate





Definitions from resources

		Gene-drug Validity

		Level 		Source		Definitions				Example Gene-drug phenotype

		Definitive		ClinGen		The role of this gene in this particular disease has been repeatedly demonstrated in both the research and clinical diagnostic settings, and has been upheld over time (in general, at least 2 independent scored publications documenting human genetic evidence over at least 3 years’ time).		The role of this gene in this particular drug response phenotype has been repeatedly demonstrated in both the research and clinical diagnostic settings and has been upheld over time (in general, at least 3 years). No convincing evidence has emerged that contradicts the role of the gene in the specified drug response phenotype.		CYP2D6-codeine

		Strong		ClinGen		The role of this gene in disease has been independently demonstrated in at least two separate studies providing strong supporting evidence for this gene’s role in disease. Gene-disease pairs with strong evidence demonstrate considerable genetic evidence (numerous unrelated probands harboring variants with sufficient supporting evidence for disease causality).		The role of this gene in drug response has been independently demonstrated in at least two separate studies providing strong supporting evidence for this gene’s role in a drug response phenotype, usually including both of the following types of evidence:

Strong variant-level evidence demonstrating numerous unrelated patients with variants/haplotypes that provide convincing evidence for causality and/or association with a drug response phenotype.
Compelling gene-level evidence from different types of supporting experimental data.

In addition, no convincing evidence has emerged that contradicts the role of the gene in the specific drug response phenotype. 

		High		CPIC		Evidence includes consistent results from well-designed, well-conducted studies.		A = Strong or moderate recommendations which should be used to change prescribing of affected drug.

		4		DPWG		4 = Published controlled studies of good quality and having relevant pharmacokinetic or clinical endpoints.

		3		DPWG		3 = Published controlled studies of moderate quality and having relevant pharmacokinetic or clinical endpoints.

		1A		PharmGKB		Level 1A clinical annotations describe variant-drug combinations that have variant-specific prescribing guidance available in a current clinical guideline annotation or an FDA-approved drug label annotation. Annotations of drug labels or clinical guidelines must give prescribing guidance for specific variants (e.g. CYP2C9*3, HLA-B*57:01) or provide mapping from defined allele functions to diplotypes and phenotypes to be used as supporting evidence for a level 1A clinical annotation. Level 1A clinical annotations must also be supported by at least one publication in addition to a clinical guideline or drug label with variant-specific prescribing guidance.

		1B		PharmGKB		Level 1B clinical annotations describe variant-drug combinations with a high level of evidence supporting the association but no variant-specific prescribing guidance in an annotated clinical guideline or FDA drug label. Level 1B clinical annotations must be supported by at least two independent publications.

		Moderate		ClinGen		There is moderate evidence to support a causal role for this gene in this disease. Gene-disease pairs with moderate evidence typically demonstrate some convincing genetic evidence (probands harboring variants with sufficient supporting evidence for disease causality with or without moderate experimental data supporting the gene-disease relationship). The role of this gene in disease may not have been independently reported, but no convincing evidence has emerged that contradicts the role of the gene in the noted disease		There is moderate evidence to support causation and/or association for this gene in this drug response phenotype, typically including both of the following types of evidence. 

Several patients with variants/haplotypes that provide convincing evidence for causality and/or association with a drug response phenotype.
Moderate experimental data supporting the gene-drug response association.

The role of this gene in a drug response phenotype may not have been independently reported, but no convincing evidence has emerged that contradicts the role of the gene in the specific drug response phenotype.

		Moderate		CPIC		Evidence is sufficient to determine effects, but the strength of the evidence is limited by the number, quality or consistency of the individual studies, generalizability to routine practice, or indirect nature of the evidence.		B = Moderate recommendations which could be used to change prescribing of the affected drug because alternative therapies/dosing are extremely likely to be as effective and as safe as non-genetically based dosing.

		3		DPWG		3 = Published controlled studies of moderate quality and having relevant pharmacokinetic or clinical endpoints.

		2		DPWG		Published case reports and well documented and having relevant pharmacokinetic or clinical endpoints. Well documented case series

		2		PharmGKB		2A = The association with a variant located within a VIP (Very Important Pharmacogene). So functional significance is more likely
2B = The association must be replicated but there may be some studies that do not show statistical significance, and/or the effect size may be small.

		limited		ClinGen		the category of limited should be applied when experts consider the gene-disease relationship to be plausible, but the evidence is not sufficient to score as Moderate. Example scenarios include (but are not limited to):
A moderate number of cases with a consistent but not highly specific phenotype. The variants have some support for pathogenicity, but there is little to no functional evidence to support variation.
A small number of cases with well-defined, consistent phenotypic presentations. The variants are plausible causes of disease given the prevalence of the condition and the inheritance pattern. A single case with a rare and distinct phenotype and biallelic, loss of function variant"		There is limited evidence to support a causal role for this gene in this drug response phenotype, such as:

Fewer than three observations of variants/haplotypes that provide convincing evidence for causality and/or association with a drug response phenotype.
Variants/haplotypes have been observed in patients, but none have sufficient evidence for causality and/or association with a drug response phenotype.
Limited experimental data supporting the gene-drug response association.

The role of this gene in drug response may not have been independently reported, but no convincing evidence has emerged that contradicts the role of the gene in the specific drug response phenotype.

		low		CPIC		Evidence is insufficient to assess the effects on health outcomes because of limited number or power of studies, important flaws in their design or conduct, gaps in the chain of evidence, or lack of information.

		2		DPWG		Published case reports and well documented and having relevant pharmacokinetic or clinical endpoints. Well documented case series

		1		DPWG		Published incomplete case reports and Product information.

		3		PharmGKB		Level 3 clinical annotations describe variant-drug combinations with a low level of evidence supporting the association. This association may be based on a single study annotated in PharmGKB, or there may be several studies that failed to replicate the association. The annotation may also be based on preliminary evidence (e.g., a case report, non-significant study, or in vitro, molecular, or functional assay evidence), resulting in a lower calculated score

		No association		ClinGen		Evidence for a causal role in the monogenic disease of interest (determined using ClinGen lumping and splitting guidance) has not been reported within the literature (published, prepublished and/or present in public databases [e.g. ClinVar, etc.]). These genes might be “candidate” genes based on linkage intervals, animal models, implication in pathways known to be involved in human disease, etc., but no reports have directly implicated the gene in the specified disease. If a claim of a relationship with the specified disease has been reported, but the evidence is minimal or not compelling, consider Limited, Disputed, or Refuted. 		Evidence for causation and/or association in the drug response phenotype has not been reported. These genes might be ‘candidate’ genes based on linkage intervals, animal models, implications in pathways known to be involved in pharmacokinetics/pharmacodynamics, etc., but no reports have directly implicated the gene in the specific drug response phenotype.

		4		PharmGKB		variant-drug combinations where the total score is negative and the evidence does not support an association between the variant and the drug phenotype.

		0		DPWG		Data on file

		Controdictory evidence		ClinGen		Although there has been an assertion of a gene-disease relationship, the initial evidence is not compelling from today’s perspective and/or conflicting evidence has arisen. Disputed or refuted		Although there has been an assertion of a gene-drug response association, conflicting evidence for the role of this gene in drug response has arisen since the time of the initial report indicating a drug response phenotype association. Depending on the quantity and quality of evidence disputing the association, the association may be further defined by the following two sub-categories:

1. Disputed
Convincing evidence disputing a role for this gene in this drug response phenotype has arisen since the initial report identifying an association between the gene and drug response phenotype.
Refuting evidence need not outweigh existing evidence supporting the gene:drug response phenotype association.


2. Refuted
Evidence refuting the initial reported evidence for the role of the gene in the specified drug response phenotype has been reported and significantly outweighs any evidence supporting the role.
This designation is to be applied at the discretion of clinical domain experts after thorough review of available evidence.

		3		PharmGKB







Proposed curation workflow – gene-drug 
validity

Expert Review/Group Consensus, finalize for public posting

Assign Scores and Ratings 

Definitive Strong Moderate Limited Disputed/No

Evaluate Evidence

Clinical Outcomes (Efficacy, Tox, Dose) PK Experimental Data

Collect  Evidence

CPIC, PharmGKB, DPWG FDA labels/PGx table Peer reviewed literature



Alignment with ClinGen PGxWG Frameworks
• Integrated PGx resource 

(ClinPGx) will facilitate 
integration of PGx with ClinGen

• Existing need for 
standardization:

– Inconsistency between resources 
and laboratories

– Barrier to implementation (e.g., EHR, 
education, insurance coverage, 
communication between lab and 
provider)



Long-Term Benefits of ClinPGx Activities
• Reduce duplication of efforts 
• Facilitate implementation of PGx (i.e., EHR)
• Increase stakeholder buy-in (clinical, laboratory, insurance) and 

confidence in science behind testing
• Increase utility of existing resources (e.g., ClinVar, PharmCAT), 

reduce confusion and allow for new opportunities
• Expansion of implementation and insurance coverage -> increased 

access to testing
– Potentially reducing health disparities



GECKO Group (aka Klein Lab)
Michelle Whirl-Carrillo (PGx)
Matt Wright (ClinGen)
Gene Curation & Knowledge
Stanford University

Others Just as Important:

Kelly Caudle, co-PI CPIC
& her entire team

Marylyn Ritchie, co-PI PharmCAT
& her entire team

Andrea Gaedigk, PharmVar
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