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ClinGen (Clinical Genome Resource) and ClLinPGx

* ClinGen defines the clinical relevance
of genes and variants for use in
precision medicine and research

* ClinGen developed frameworks for
gene-disease validity, actionability,
variant pathogenicity and dosage
sensitivity

 ClinPGx integrates PharmGKB, CPIC
and PharmCAT projects in 2025

* ClinPGx becomes an affiliate grant of
ClinGen in 2026

* Benefit both ClinGen users and the
PGx community by disseminating PGx
information to ClinGen’s larger clinical
genomics community
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ClinGen defines the clinical relevance
of genes and variants for use in
precision medicine and research

ClinGen developed frameworks for
gene-disease validity, actionability,
variant pathogenicity and dosage
sensitivity

ClinPGx integrates PharmGKB, CPIC
and PharmCAT projects in 2025

ClinPGx becomes an affiliate grant of
ClinGen in 2026

Benefit both ClinGen users and the
PGx community by disseminating PGx
information to ClinGen’s larger clinical
genomics community



How PGx Differs from Medical Genetics



disease and PGx

				Column1		Mendelian gene–disease relationships 		Gene–drug relationships 

				Question 		Does gene variation contribute to disease/genetic condition?		Does gene variation affect drug response (efficacy, toxicity)?

				Outcome		Diagnose or manage disease		Optimize drug efficacy, minimize adverse events

				Action		Disease screening, early diagonis, preventive measures		Drug selection, dose adjustment, closer monitoring 

				Evidence 		Genetic data (segregation, case-control, de novo), phenotype,  experimental function data		Clinical outcome data (toxicity, efficacy, dose), drug PK/PD, experimental  function data

				Variant type		Rare pathogenic variants, high-penetrance 		Common functional variants, haplotypes (star alleles), CNVs/structural variants 

				Variant interpretation		Variant pathogenecity classification		Variant/allele function -> genotype/diplotype ->      phenotype -> prescribing action

				Dependency				Drug exposure



				Time frame		Longer term health management		Immediate or short-term therapeutic intervention, long term relevance
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						Medical Genetics		Pharmacogenomics

				Focus		Genetic disorders and hereditary conditions		Drug response and therapy optimization

				Objective		Diagnoses, manages, and prevents genetic disorders		Enhance drug safety and effectiveness

				Terminology		Variant, genetype, phenotype, inheritance patterns, etc.		PK, PD, drug metabolizer status, star alleles

								*Haplotypes and diplotypes rather than individual variants

								*Generally, no phenotype until drug exposure

								*PGx variants can be quite common



														Gene-disease		Gene-Drug

												Focus		Identify those human genes that, when significantly altered, confer a high risk of serious disease that could be prevented or mitigated if the risk were known		Identify human genes/variants that can be used to modify/guide drug prescribing to achieve better clinical outcomes for the patients

												Action		Disease screening, early diagnosis, preventive measures		Drug selection, dosing adjustments, alternative drug, monitoring

												Time frame		Longer term health management (Is the result actionable in an undiagnosed adult)		Immediate or short-term therapeutic intervention, long term relevance

												Outcome		Preventing or managing disease		Optimizing drug efficacy, minimizing side effects
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				Table 1. Comparison of Clinical Validity Frameworks for Gene-Disease vs. Gene-Drug Response Relationships

				Feature		Gene-Disease Validity (ClinGen)		Gene-Drug Validity (PGxIC)

				Core Relationship		Gene <-->Mendelian Disease		Gene <--> Drug Response Phenotype

				Primary Goal		Determine if a gene is causative for a specific clinical condition.		Determine scientific credibility of genetic influence on drug efficacy, toxicity, or PK.

				Interpretation of Result		Presence of a variant explains the existence of a disease state.		Genetic status modulates the response to an external stimulus (medication).

				Evidence Hierarchy		Heavily weights human genetic data (segregation, case-control, de novo).		Heavily weights Clinical Outcomes (efficacy/toxicity) and Pharmacokinetics (PK).

				Experimental Data		Focuses on protein function, model organisms, and cellular expression.		Focuses on biologically plausible mechanisms (target binding, enzyme activity).

				Validity Assertion Tiers		Definitive, Strong, Moderate, Limited, Disputed, Refuted.		Definitive, Strong, Moderate, Limited, Disputed, Refuted, No Known PGx Relationship.

				Scoring Metric		Qualitative and Quantitative (up to 18 pts for genetic; 6 pts for experimental).		Semi-quantitative (20-point scale: 12 pts for Outcomes; 6 pts for PK; 2 pts for Mechanism).

				Actionability Relationship		Validity and Actionability are curated in separate, distinct ClinGen pipelines.		Validity is a prerequisite for Actionability evaluation within an integrated pipeline.

				Temporal Stability		Generally stable; once causality is established, it rarely changes.		Dynamic; evidence may change based on dose, co-medications (phenoconversion), or ancestry.

				Example Pair		LDLR — Familial Hypercholesterolemia		CYP2C19 — Clopidogrel

				Why this is important for your Genetics in Medicine submission:

				Justifies the Divergence: It clearly shows that while the names of the tiers (Definitive, Strong, etc.) are the same to maintain the "ClinGen brand," the underlying evidence being measured is fundamentally different (e.g., PK data vs. Pedigree segregation).

				Highlights the "No Known PGx Relationship": This is a unique contribution of your framework. In disease genetics, "Refuted" usually means the gene doesn't cause the disease. In PGx, it is vital to have a category for drugs where a gene has been tested and found to have no influence on the drug (e.g., your CYP2C19-ticagrelor example), which is critical for clinical stewardship.

				Explains the 20-point Scale: It situates your 20-point scoring logic as a direct evolution of the ClinGen 18+6 point system, providing a familiar anchor for the reviewers.
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				Here’s a manuscript-ready table contrasting gene–disease vs gene–drug relationships (you can drop this into Intro/Discussion).

				Dimension		Gene–disease relationships (diagnostic genetics)		Gene–drug relationships (pharmacogenomics)

				Primary question		Does variation in a gene cause or contribute to a disease/phenotype?		Does variation in a gene predict drug response (efficacy, toxicity, PK/PD, dose)?

				Typical evidence backbone		Segregation in families, case-control association, de novo enrichment, functional studies, animal models		Clinical outcome studies (toxicity/efficacy), genotype-stratified PK/PD, mechanistic/functional assays, regulatory/guideline evidence

				Role of PK/PD		Usually not central		Often central (metabolism, transport, target interaction), but PK effects may not translate to clinical outcomes

				Context dependence		Often more stable across contexts (disease phenotype is intrinsic)		Highly context dependent: dose, regimen, indication, formulation, co-medications (phenoconversion), monitoring practices

				Unit of interpretation		Variant → disease risk/diagnosis (often pathogenicity classification)		Genotype/diplotype/phenotype → response prediction; variants often interpreted as allele function and translated to phenotypes (e.g., NM/IM/PM/UM)

				Variant types emphasized		Rare pathogenic variants; high-penetrance alleles common in Mendelian disease		Common functional variants, star alleles, haplotypes, CNVs/structural variants; HLA alleles for hypersensitivity

				Common outputs		Diagnostic classification (Pathogenic/Likely Pathogenic/VUS/etc.), penetrance, inheritance pattern		Prescribing implications: dose adjustment, avoid/alternative therapy, enhanced monitoring, or “no change”

				Outcome severity framing		Disease causation/trajectory		Benefit–risk of therapy: preventable toxicity, avoidable treatment failure, alternative availability

				Actionability linkage		Often direct (diagnosis informs management, surveillance, reproductive risk)		Not guaranteed: a valid association may still be non-actionable if guidance is absent, effect size is small, or monitoring mitigates risk

				Role of authoritative resources		ClinGen gene–disease validity/actionability, ACMG/AMP variant interpretation		CPIC, DPWG, FDA labels/PGx Table, ClinPGx/PharmGKB; evidence and recommendations may disagree

				Evidence conflicts		Usually resolved by accumulating genetic/functional evidence; variant interpretation evolves		Frequent due to heterogeneous endpoints, regimen differences, phenotype mapping differences, and variable transparency (e.g., FDA-only signals)

				Re-curation triggers		New gene discovery, new case series/segregation data, new functional evidence, re-interpretation of variants		New guideline updates, label changes, new genotype–PK or outcome studies, changes in allele function/phenotype translation standards

				Implementation surface		Genetic testing labs, diagnostic reports, specialty clinics		EHR CDS, pharmacy workflows, medication order sets; requires computable phenotype mapping and handling of phenoconversion
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				Feature		Gene–disease relationships (Diagnostic genetics)		Gene–drug relationships (Pharmacogenomics)

				Core question 		Does variation cause or contribute to disease/phenotype?		Does variation in a gene predict drug response (efficacy, toxicity, PK/PD, dose)?

				Outcome		Preventing or managing disease		Optimize drug efficacy, minimize side effects

				Action		Disease screening, early diagonis, preventive measures		Drug selection, dose adjustement, closer monitoring or no change

				Evidence 		genetic data (segregation, case-control, de novo) and function data.		clinical outcome data (tox, efficacy, dose), PK, PD and function data

				Variant types		Rare pathogenic variants; high-penetrance alleles common in Mendelian disease etc.		Common functional variants, star alleles, haplotypes, CNVs/structural variants etc.

				Unit of interpretation		variant -> disease risk -> pathogenecity classification		variant/allele function -> dilotype/phenotype (NM/IM/PM/UM) -> prescribing implications

				Time frame		Longer term health management		Immediate or short-term therapeutic intervention, long term relevance

				Examples		RYR1-malignant hyperthermia		RYR1-succinylcholine
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		Column1		PGx Clinical Validity		PGx Clinical Actionability

		Definition		The strength of evidence linking a gene and drug response phenotypes (e.g., efficacy, toxicity, pharmacokinetics).		The potential/likelihood to guide or alter drug therapy using gene-drug association information 

		Purpose		To evaluate/establish whether gene/variants is associated drug response phenotypes.		To guide clinical decision-making based on genetic information (provide actionable steps for clinical decision making)

		Focus		Association strength (consistency and reproducibility, biological plausibility, etc.) 		Presence of evidence-based prescribing recommendations or interventions (alternative drugs, dosing guidance, extra monitoring, etc.)

		Evidence required		Robust scientific evidence (eg. Clinical outcome studies, PK studies, mechanistic/functional studies etc.)		Clinical guidelines (e.g., CPIC, DPWG) and regulatorory guidance (eg. FDA)

		Impact on Testing		Helps determine whether a gene-drug pair is scientifically credible enough to be considered for clinical testing.		Helps determine whether testing can be used to provide actionable steps for clinical decision making to optimize drug therapy

		Distinction/overlap		A gene-drug pair must have some level of clinical validity (moderate and above) to be actionable.		Not all gene-drug pairs with strong/moderate clinical validity are actionable (e.g., OPRM1-codeine, CYP2B6-methadone, if no alternative treatment exists or risk reduction isn't feasible).

		Example: CYP2D6-codeine		Strong		Strong

		Example: OPRM1-codeine		Moderate		No
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				Here’s a tighter, introduction-friendly version (more concise, less “methods-y”):

				Dimension		Gene–disease relationships		Gene–drug relationships (PGx)

				Core question		Does variation in a gene contribute to disease risk/diagnosis?		Does variation in a gene predict drug response (efficacy, toxicity, or dose/exposure)?

				Typical evidence		Familial segregation, case-control association, de novo enrichment, functional studies		Clinical outcomes, genotype-stratified PK/PD, mechanistic/functional assays, guideline/label evidence

				Biology and context		Phenotype is intrinsic; generally less dependent on external context		Strongly context dependent (drug, dose, regimen, formulation, indication, co-medications/phenoconversion, monitoring)

				Unit of interpretation		Variant pathogenicity (e.g., pathogenic/likely pathogenic/VUS)		Allele function → diplotype/phenotype (e.g., NM/IM/PM/UM) and prescribing implications

				Clinical output		Diagnosis/risk stratification; management and surveillance guidance		Prescribing guidance (dose adjust, avoid/alternative, monitor, or no change)

				Relationship between validity and actionability		Often closely linked (diagnosis directly informs care)		Can diverge: a valid association may not be actionable if effect size is small, guidance is absent/inconsistent, or monitoring mitigates risk

				Standardization challenges		Variant interpretation and penetrance; evolving disease definitions		Heterogeneous endpoints, regimen differences, phenotype translation variability, and cross-resource discordance (guidelines vs labels)
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		Genomics — Relationship Types



		Gene–Disease vs. Gene–Drug

		Relationships



		A structured comparison of key dimensions across two core genomic association types

		Dimension		🧬 Gene–Disease Relationship		💊 Gene–Drug Relationship

		01 — Core Concept

		Definition		Association between a gene variant and disease susceptibility or causation		Association between a gene variant and drug response, metabolism, or toxicity

				Answers: Does this gene contribute to disease risk, onset, or severity?		Answers: How does this gene affect how a patient responds to a drug?

		Field		Genomics Human Genetics Epidemiology		Pharmacogenomics Pharmacology Precision Medicine

		02 — Relationship Types

		Mechanism		Loss-of-function / gain-of-function mutations		Altered enzyme metabolism (CYP450 polymorphisms)

				Copy number variants (CNVs)		Drug target mutations (efficacy / resistance)

				Regulatory region variants affecting gene expression		Transporter gene variants (absorption, distribution)

				Polygenic risk scores (multiple small-effect variants)		Immune gene variants (adverse reactions / HLA)

		Relation types		Causal (Mendelian)		Pharmacokinetic (PK) — metabolism, transport

				Risk-modifying (GWAS hits)		Pharmacodynamic (PD) — target sensitivity

				Protective		Adverse drug reaction (ADR)

				Disease progression modifier		Drug resistance

		03 — Evidence & Data Sources

		Evidence sources		GWAS Catalog, ClinVar, OMIM		PharmGKB, CPIC, DrugBank

				Linkage studies, family-based cohorts		Clinical trials with pharmacogenomic stratification

				Biobank studies (UK Biobank, FinnGen)		In vitro metabolism studies

				Mendelian randomization studies		FDA pharmacogenomic biomarker labeling

		Evidence levels		Pathogenic / Likely pathogenic / VUS / Benign		Level 1A → 4 clinical actionability

				(ACMG classification)		(PharmGKB / CPIC tiers)

		04 — Clinical Application

		Clinical use		Diagnosis and disease confirmation		Dose optimization (e.g., warfarin, clopidogrel)

				Risk stratification & screening		Drug selection (e.g., HER2+ → trastuzumab)

				Genetic counseling		Adverse event prevention (e.g., HLA-B*5701 → abacavir)

				Cascade testing in families		Treatment resistance prediction

				Prognosis and disease monitoring

		Testing panel		Disease-specific gene panels		Pharmacogenomic (PGx) panels

				e.g., BRCA1/2 for hereditary breast/ovarian cancer; cardio panels; exome/genome sequencing		e.g., CYP2C19, CYP2D6, TPMT, DPYD, UGT1A1 star-allele genotyping

		05 — Key Characteristics

		Temporal scope		Lifelong / inherited risk		Actionable at point of prescribing

				Result is relevant across the patient's entire life and to biological relatives		Most relevant when a specific drug is being considered; result is stable but context-dependent

		Inheritance		Autosomal dominant / recessive, X-linked, mitochondrial, or complex polygenic inheritance patterns		Inherited (germline) PGx variants; somatic variants in tumor pharmacogenomics

		Penetrance		Ranges from high (Mendelian) to low (complex trait GWAS hits); environment modulates expression		Generally high penetrance for PK variants; lower for PD variants; drug co-administration matters

		Population variation		Allele frequencies vary widely by ancestry; population-specific founder mutations common		PGx allele frequencies strongly ancestry-dependent (e.g., CYP2D6 PM rate differs by ethnicity)

		06 — Notable Examples

		Examples		BRCA1/2 → hereditary breast/ovarian cancer		CYP2D6 → codeine, tamoxifen metabolism

				CFTR → cystic fibrosis		DPYD → 5-fluorouracil toxicity

				APOE ε4 → Alzheimer's disease risk		TPMT/NUDT15 → thiopurine dose adjustment

				HBB → sickle cell disease / β-thalassemia		HLA-B*5701 → abacavir hypersensitivity

				LRRK2 → familial Parkinson's disease		ERBB2 (HER2) → trastuzumab eligibility in breast cancer

		Sources: OMIM, ClinVar, PharmGKB, CPIC, FDA PGx Biomarkers Gene–Disease × Gene–Drug Comparison
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Pharmacogenomics Interpretation
Committee

The Pharmacogenomics Interpretation Committee (PGxIC) is a multi-disciplinary group of researchers and
professionals with expertise in pharmacogenomics, clinical pharmacology, medical genetics, and molecular

diagnosis.

Documents @ = Membership ©

Mission:

Develop frameworks of evaluating
validity and actionability of gene-drug
interactions, as well as a framework for
classifying germline PGx variants that
influence drug response phenotypes
(efficacy, dosing, or adverse event risk)

Facilitate incorporating PGx knowledge
into ClinGen and medical genetics

Members:

42 members (as of 9/2026) from diverse
fields specializing in PGx, clinical
pharmacology, medical genetics,
regulatory affairs, and molecular
diagnostics



PGx Interpretation Committee And Frameworks

PUAG i . \%"\
ClinGen CImP(ig{

Gene-Drug Clinical
Validity Framework

ClinGen PGxIC

Pharmacogenomics Interpretation Coj: Drug Clinical

. {ene-
'{tcﬁﬁna bility Framewaork

v Needs Assessments + Framework Creation

v Nomendature v Clinical Adoption Variant-Drug

(lassification Framework

Expert Stakeholders and Resources
2 PharmGKB  CPICY  ClinVar

DPWG 9amp:- ®ACMG  FDA

Frameworks: Transparent,
reproducible, scalable
assessment of PGx gene—-drug
relationships

Align with the ClinGen gene-
disease clinical validity and
actionability frameworks

Leverage well-established PGx
resources such as ClinPGx, CPIC,
DPWG, and FDA PGx resources
(Association Table & drug labels)



Determining Clinical Relevance in PGx:
Validity & Actionability Together

Gene-drug validity Gene-drug actionability
/Is the gene-drug relationship real? \ /hould prescribing change? \

* Evaluates strength of evidence linking Evaluates whether genetics can guide
genotype to drug response clinical decisions

e Clinical outcomes, PK/PD, mechanistic e Existing prescribing recommendations
evidence from guidelines, labels

* Focus: association strength, reproducibility * Focus: actional steps in clinical decision
and biological plausibility making

- / -

* Validity and actionability are related, but distinct
* Real association # actionable recommendation
* Validity is a prerequisite for actionability

* Separating validity & actionability prevents overinterpretation and clarifies
implementation decisions

/




ClinGen Frameworks and PGx

* PGx frameworks to adopt familiar ClinGen terms so PGx assertions
read natively to the genomics community, but use PGx-specific
definitions and evidence rules to define levels

Gene-disease clinical validity Clinical actionability

ﬁ)oes variation in a gene cause diseaseh éﬁ‘“ disease be prevented or \

mitigated if the risk were known?

* Keydimensions: Human Genetic +

experimental evidence * Key dimensions: severity,

likelihood, effectiveness, burden

* Validity terms: Definitive, strong, of intervention

moderate, limited, disputed/refuted,
No known disease re[ationship d Actionability terms: Definitive,

\ / K strong, moderate, limited /




Example Gene-Drug Pairs

Gene-Drug pair Validity Actionability CPIC Recommendation
CYP2D6-codeine Strong Strong Use alternative dru‘g
(strong recommendation)
SLCO1B1-fluvastatin | Moderate Moderate Dose change or aIternatlve'drug
(moderate recommendation)
OPRM1-morphine Moderate NG No recommendatlon due to marginal
difference in dose between genotypes

CYP2D6-methadone Limited No No recommendation due to weak

association evidence




Gene-drug validity

Example Gene-Drug Pairs

high

low

Gene-drug actionability
low » high

CYP2D6-codeine
v’ Real association (strong validity)
v’ Use alternate drug (strong actionability)

OPRM1-morphine

v’ Real association (moderate validity) o VaIidity is g prerequisite for
v" No recommendation due to marginal i o

difference in dose between aCtlonablllty

genotypes (no actionability) * Not every valid gene—drug

CYP2DE-methad association is actionable
-methadone : L
v Limited evidence (limited validity) * Unlikely to have low validity but
v No recommendation due to weak strong actionability
association evidence (no actionability)  Moderate+ validity for actionability

evaluation




Development of PGx Frameworks

Collect and review existing
PGx standards (CPIC,
ClinPGx/PharmGKB, DPWG,
FDA, etc.), metrics and PGx
levels definitions

Community input from PGxIC
need assessment surveys

ClinGen gene-disease
validity/actionability frameworks

Gene-Drug Validity / Actionability:

* |dentify evidence sources

* Define levels and rules

* Set up assertion and scoring matrix
* Testwith example gene-drug pairs




Gene-Drug Validity Levels: ClinGen Levels

Score range Examples
Expert Panel CYP2D6-codeine, CYP2C19-clopidogrel
12-20 UGT2B17-belzutifen Moderate-+
(Expert Panel) considered for
- Actionabilit
711 CYP2D6-oxycodone, SLCO1B1-fluvastatin y
(Expert Panel)

CYP2D6-methadone

No Known PGx
L Relationship

L Limited ] (Expert Panel)
] Expert Panel

Disputed

J \\

Expert Panel

o)
O
c
o
=
>
L

Refuted

0
c
=
=
—
c
o
O




Gene-Drug Validity Levels: PGx Definitions

Level

Definition
There is strong evidence to support an association between this gene and drug response phenotype, including at least 3

Definitive independent, well-designed clinical studies, and other established resources, with no convincing contradictory evidence. pa nel
This evidence has been upheld over time (in general, at least 3 years). aSSIgnEd
There is strong evidence to support an association between this gene and drug response phenotype, including at least 3
Strong independent, well-designed clinical studies, and/or other established resources, with no convincing contradictory 12-20
evidence.
There is moderate evidence to support an association between this gene and drug response phenotype, typically
including at least 2 independent studies and possibly a biologically plausible mechanism explaining how gene variants 7-11
could influence drug response (e.g., from functional studies), and/or other established resources, with no convincing
There is limited evidence to support an association between this gene and drug response phenotype. The association
Limited may be based on a single clinical study, preliminary evidence (e.g., a case report or in vitro, molecular, or functional 1-6
assay evidence), and/or other established resources, or there may be several studies that failed to replicate this
Although there has been an assertion of association between this gene and drug response phenotype, there is |
= 9 Disputed substantial conflicting evidence, leading to active debate in the scientific community about the clinical relevance of the p?ne
:-5 & gene-drug interaction. Contradictory evidence may or may not outweigh supporting evidence. assigned
'E g Although there has been an assertion of a gene-drug association, an authoritative pharmacogenomics resource has pa nel
S w

Refuted

retracted guidance on this association with a statement that the retraction is due to a lack of validity.

assigned




Gene-Drug Validity Matrix

Clinical phenotypes =

]

Experimental/ —
mechanistic
phenotypes

Semi-quantitative scoring matrix; expert review required, modeled after other ClinGen
frameworks



Sources of Evidence

Evidence

sources

Peer reviewed

literature

labels

= PGx Assoc Table

Scored by statistical significance, effect size, cohort size etc.



Mapping Resources to Points

Clinical outcome * Score each outcome (efficacy, tox,
wiansere | JOSE) from available resources, map
N gvggkt 120 by evidence strength
No association (orno level ° |+ Take the max of the 3 as clinical
DPWG guideline S ° outcome category score
o ;‘ftg'?’:r;dt 120 . (N:{) double counting: CPIC and.
ble o : iINPGx may draw on overlapping
ClinPGx-ourated  DO%C Change or alternate drug . literature base. When a pairis
FDA-approved dIe  prescribing information already covered by CPIC, ClinPGx
18 ‘ evidence is not scored in the same
., | category
4 0




Gene-Drug Actionability Levels

0" STRONG MODERATE NONE
P4 £ Q)

e Consistent e Genetics-based e Geneticsis not
guidance for prescribing expected to be
using genetics to guidance exists, relevant for
inform prescribing but may be in- prescribing
decisions exists consistent across decisions

sources, or
supporting
evidence is
limited/unclear

* Actionability: able to modify drug prescribing actions based on PGx data to achieve better
clinical outcomes for the patients.

* Scope limited to pairs with existing guidance (CPIC, DPWG, FDA)

* Expertreview ambiguous language from labels, guidelines; allowed to override



Curation Workflow: Evidence Aggregation to Consensus

) . Evidence Evaluation
Evidence Collection - Clinical (efficacy, ADR, dose) Mocerate
«  ClinPGx (CPIC, DPWG, . PR date VAP ‘\’/r '[,'('fhir
i alidity’
FDA, Literature) . Mechanistic data y
A

YES

Preliminary Validity Preliminary Validity
Assertion

Assertion
* limited * definitive, strong, moderate

Final Consensus

Assertions on ClinPGx

. PGx Actionability
Validity (definitive, strong, Expert Review :

C CPIC, DPWG, FDA
mod, limited, disputed, * Adjudication & consensus
refuted, no)

. strong, moderate, no
Actionability (strong, mod, no)




Pilot Set and Validation

* 27 gene-drug pairs tested:

* Span a wide range of validity, actionability levels (from well-established to pairs
with emerging, uncertain or conflicting evidence)

* Multiple therapeutic areas, both PK & PD relationships
* Both concordant and discordant interpretations across resources

e Curators:

* Extract/collect evidence using standardized operating procedures
* Resolve discrepancies and uncertainty through iterative discussion
* Assign preliminary scores and classifications

* Pilot: Each pair scored by >=2 curators

* Experts:

* Review curation, discuss, and confirm or update final classification
* Pilot: PGxIC expert review, consensus on all (27/27) after discussion



Pilot Set and Validation

Gene-drug Actionability Classification Statistics

0 2 4 6 8 10 12

stong I 11
Moderate N «

No | ¢

CYP2D6
CYP2C19
SLCO1B1
UGT1A1
TMPT
NUDT15
CYP2C9
Mt-RNR1
HLA-B
G6PD
G6PD
CYP2D6
BCHE
UGT2B17/CYP2C19
SLCO1B1
CYP2B6
CYP2D6
OPRM1
SLC6A4
HLA-DQA1
CYP2D6
ABCB1
MTHFR
CYP2D6
COMT
DRD2
CYP2C19

codeine
clopidogrel
simvastatin
irinotecan
azathioprine
azathioprine
siponimod
amikacin
carbamazepine
dapsone
methylene blue
dextromethorphan
mivacurium
belxutifan
fluvastatin
methadone
oxycodone
codeine
escitalopram
lapatinib
timolol
tacrolimus
methotrexate
methadone
tramadol
risperidone
ticagrelor

PK
PK
PK
PK
PK
PK
PD
PD
PD
PD
PK
PK
PK
PK
PK
PK
PD
PD
PD
PK
PK
PD
PK
PK
PD
PK

Validity

Definitive
Definitive
Definitive
Definitive
Definitive
Definitive
Definitive
Definitive
Definitive
Definitive
Definitive
Definitive
Definitive
Strong
Moderate
Moderate
Moderate
Moderate
Moderate
Limited
Limited
Limited
Limited
Limited
Limited
Limited
No

Actionability
Classification Classification

Strong
Strong
Strong
Strong
Strong
Strong
Strong
Strong
Strong
Strong
Strong
Moderate
Moderate
Moderate
Moderate

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a




Four Example Cases

CYP2D6 - codeine

Definitive validity
Strong actionability

Scored 20,
consistent functional,
pharmacokinetic, and
clinical outcome data
sustained over time
(>3 years).

Strong, genotype-type
based prescribing
recommendations
from CPIC, DPWG,
and FDA.

UGT2B17 / CYP2C19

- belzutifan
Strong validity

Scored 18, consistent
functional,
pharmacokinetic, and
clinical outcome data
(<3 years).

Recommendations
from FDA babel for
monitoring for side
effects in PM. No
guideline.

The time criterion kept it at strong
instead of definitive validity

CYP2D6 - oxycodone

Moderate validity
No actionability

Scored 9, clear
mechanism and
reproducible PK,
inconsistent
outcome effect.

Guidelines do not
recommend
genotype-based
dosing.

Validity without actionability

CYP2D6 - methadone

Scored 4, minor
contribution to
methadone
metabolism (PK),
weak clinical
outcome.

(Guidelines do not
recommend
genotype-based
dosing.)



How Is CPIC Used As Evidence?

* CPIC evidence table is a top-tier resource in every validity domain

* A CPIC high level evidence maps to the max score in clinical outcome
(10), PK (6) and mechanism (2) for validity evaluation

* CPIC and ClinPGx not double counted for validity

* |[f CPIC already covered a pair, ClinPGx evidence is not scored again in the
same category

* CPIC guidance is key resource for actionability evaluation
* CPIC actionable (alt drug, dose change etc.) -> strong actionability



How Can Gene-Drug Pairs Be Used?

* Validity and actionability together -> appropriate for clinical testing
* Assertion text can be used in PGx lab reports

* Moderate and higher validity -> appropriate for guideline
consideration

* Validity evaluations before guideline can help CPIC avoid including
gene-drug pairs in primary literature review that do not have
mechanistic support or clear lack of evidence for association



Summary and next steps

* PGxIC: develops parallel frameworks and terminology for PGx
* Gene-drug validity and actionability
* Semi-quantitative scoring plus expert review is reproducible

* Validity and actionability set the foundation for PGx variant
classification (ACMG pathogenic -> benign not applicable to PGx)

* Next steps
* Publication
* Develop curation tools, interface and training materials
* Develop DB model and displays for curated information
* PGx variant classification framework
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Curation Workflow: From Evidence Aggregation
to Consensus

VT et . Actionability
Evidence collection gCcivieraiuation Val'd_'ty review
Assertions
. ini _)
«  CPIC/ClinPGx, DPWG, e e {3 . CPIC, DPWG, FDA
- efficacy, dose), PK, - . ’
FDA, Literature . .. . * Preliminary scores * Actionable
mechanistic/function

recommendations

__________
......

Expert Review

* Adjudication & consensus

-

-
————————————

Final Assertions to

Publish
* Validity (Definitive, strong,

moderate, limited, disputed, * Moderate or higher validity move to actionability evaluation
refuted, no)

: " * Expertreview resolves ambiguity, boundary cases, conflicting
* Actionability (strong, .
moderate, no) evidence and vague regulatory languages
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