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Pharm. Ther. 1989

Pharmacogenomics 

Many factors cause interindividual variability in drug effects; genetics is just one factor



Many resources are used to guide prescribing 
based on interindividual factors
• Micromedex
• Up-to-date
• Pubmed
• Lexicomp
• AHFS
• Medline plus

• Facts and Comparisons
• USP dictionary
• Approved Drug labels (e.g. 

FDA)
• Professional association 

guidelines
• CPIC guidelines (for Pgx)



CPIC has multiple levels and grading systems, not 
all equivalent to “evidence” level.

• Gene/drug pair prescribing actionability (A, B, C, D)
• Guideline prescribing recommendations (strong, moderate, optional, 

or none)
• Relevant findings related to prescribing recommendations, strength of 

evidence (high, moderate, weak)
• Allele clinical functional assignments to alleles are also graded for 

strength of evidence (high, moderate, weak)



CPIC’s goal is to write guidelines for all CPIC 
actionability level A and B gene/drug pairs

• For all drugs/genes encompassed by the guideline, provide prescribing 
recommendations (including dosage and alternatives) for all 
phenotype/drug possibilities

• Experts consider other existing guidelines, and regulatory agency 
comments (e.g. FDA, EMA) in deciding on prescribing recommendations 
and in evaluating evidence

• Provide a strength for each prescribing recommendation
• All grading of evidence (findings for gene/drug pair, alternative, and alleles) 

informs the expert authors’ prescribing recommendations









CPIC has multiple levels and grading systems, not 
all equivalent to “evidence” level.

• Gene/drug pair prescribing actionability (A, B, C, D)
• Guideline prescribing recommendations (strong, moderate, optional, 

or none)
• Relevant findings related to prescribing recommendations, strength of 

evidence (high, moderate, weak)
• Allele clinical functional assignments to alleles are also graded for 

strength of evidence (high, moderate, weak)



CPIC assigns 
actionability 
levels to 
gene/drug pairs

It’s not CPIC level of evidence, 
it’s CPIC actionability level

It’s not identical to 
PharmGKB level of evidence 

or to PGX on FDA label





There are two main tables of pgx on FDA sites

• Table of pharmacogenomic biomarkers in drug labelling (CDER)
• Table of pharmacogenetic associations (CDRH)



https://www.fda.gov/drugs/science-and-research-drugs/table-
pharmacogenomic-biomarkers-drug-labeling

8/18/2020
431 entries

Includes somatic/ cancer genes

“The table below lists therapeutic products 
from Drugs@FDA with pharmacogenomic 
information found in the drug labeling. The 
labeling for some, but not all, of the 
products includes specific actions to be 
taken based on the biomarker information. 
Pharmacogenomic information can appear 
in different sections of the labeling 
depending on the actions.”

https://www.fda.gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling


https://www.fda.gov/drugs/sci
ence-and-research-drugs/table-
pharmacogenomic-biomarkers-
drug-labeling

8/18/2020
431 entries

Includes somatic/ cancer genes

https://www.fda.gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling


https://www.fda.gov/medical-
devices/precision-medicine/table-
pharmacogenetic-associations

Up to date 2/25/20

https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations


“The table below lists pharmacogenetic associations that FDA has evaluated and believes there is 
sufficient scientific evidence to suggest that subgroups of patients with certain genetic variants, or 
genetic variant-inferred phenotypes (i.e., affected subgroup in the table below), are likely to have 
altered drug metabolism, and in certain cases, differential therapeutic effects, including differences in 
risks of adverse events. The fact that FDA has included a particular gene-drug interaction in the table 
does not necessarily mean FDA advocates using a pharmacogenetic test before prescribing the 
corresponding medication, unless the test is a companion diagnostic. Tests that are essential for the 
safe and effective use of a therapeutic product, including those that identify patients for which the 
drug is contraindicated, are companion diagnostics. This table is not intended to affect current 
regulatory requirements or policies, including FDA's policy regarding companion diagnostics.2 Nor is 
the table intended to make an assessment on the safe and effective use of, or regulatory 
requirements for, tests that detect variants in the referenced genes, or to provide comprehensive 
information on the described gene-drug interactions.

This version of the table is limited to pharmacogenetic associations that are related to drug 
metabolizing enzyme gene variants, drug transporter gene variants, and gene variants that have been 
related to a predisposition for certain adverse events. FDA recognizes that various other 
pharmacogenetic associations exist that are not listed here, and this table will be updated periodically 
with additional pharmacogenetic associations supported by sufficient scientific evidence.”





CPIC assignments 
are provisional 
until evaluated by 
a guideline 
writing group



CPIC 
LEVEL CLINICAL CONTEXT LEVEL OF EVIDENCE STRENGTH OF 

RECOMMENDATION

A Genetic information should be used to change prescribing of affected drug Preponderance of evidence is high 
or moderate in favor of changing 
prescribing

At least one moderate or 
strong action (change in 
prescribing) recommended.

A/B Preliminary review indicates it is likely that the definitive CPIC level will be either A 
or B 

Full evidence review needed to 
assess level of evidence, but 
prescribing actionability is likely.

Full review by expert guideline 
group to assign strength of 
recommendation

B Genetic information 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

Preponderance of evidence is weak 
with little conflicting data

At least one optional action 
(change in prescribing) is 
recommended.

B/C Preliminary review indicates it is likely that the definitive CPIC level will be either B 
or C. 

Prescribing actionability based on 
genetics is not clear without further 
evidence review. 

Full review by expert guideline 
group to assess strength of 
recommendation. 

C There are published studies at varying levels of evidence, some with mechanistic 
rationale, but no prescribing actions are recommended because (a) dosing based 
on genetics makes no convincing difference or (b) alternatives are unclear, possibly 
less effective, more toxic, or otherwise impractical or (c) few published studies or 
mostly weak evidence and clinical actions are unclear. Most important for genes 
that are subject of other CPIC guidelines or genes that are commonly included in 
clinical or DTC tests.

Evidence levels can vary No prescribing actions are 
recommended.

C/D Preliminary review indicates it is likely that the definitive CPIC level will be either C 
or D. 

Evidence levels can vary. No prescribing actions are 
recommended.

D There are few published studies, clinical actions are unclear, little mechanistic 
basis, mostly weak evidence, or substantial conflicting data. If the genes are not 
widely tested for clinically, evaluations are not needed. Criteria for “widely tested” 
includes: 1) CAP proficiency testing is available; or 2) Gene is in disease specific 
panels (e.g., pain, psychiatric, cancer, etc); or 3) evidence exist for implementation 
of gene into clinical practice (CPIC member feedback, publications, etc).

Evidence levels can vary No prescribing actions are 
recommended.



Actionable (CPIC level A and B) drugs (n=114)
abacavir clomipramine glimepiride* moxifloxacin primaquine tamoxifen
acenocoumarol clopidogrel* glipizide* mycophenolate probenecid tenoxicam
allopurinol* codeine* halothane nalidixic acid quinine tetrabenazine
amikacin dapsone hydralazine nitrofurantoin rasburicase thioguanine
amitriptyline desflurane hydrocodone* norfloxacin risperidone tobramycin
aripiprazole desipramine ibuprofen* nortriptyline rosuvastatin* tramadol*
aspirin dexlansoprazoleimipramine oliceridine sertraline* trimipramine
atazanavir dimercaprol irinotecan omeprazole* sevoflurane tropisetron
atomoxetine divalproex Na isoflurane ondansetron simvastatin* valproic acid
azathioprine doxepin ivacaftor oxcarbazepine siponimod velaglucerase alfa
belinostat efavirenz kanamycin pantoprazole* sodium nitrite venlafaxine*
brivaracetam eliglustat lansoprazole* paroxetine* streptomycin voriconazole
capecitabine enflurane lornoxicam peginterferon alfsuccinylcholine vortioxetine
carbamazepine escitalopram* mafenide pegloticase sulfacetamide warfarin
carglumic acid fluorouracil meloxicam* phenazopyridine sulfadiazine
celecoxib* flurbiprofen mercaptopurine phenprocoumon sulfamethoxazole*
chloramphenicol fluvoxamine mesalazine phenytoin sulfasalazine
chlorpropamide fosphenytoin methadone pimozide sulfisoxazole
ciprofloxacin* gentamicin methoxyflurane piroxicam tacrolimus
citalopram* glibenclamide methylene blue pitolisant tafenoquine

*Top 100 drugs, Jan 2021


cpicPairs

		Date last updated: Jan 13, 2021

		Gene		Drug		Guideline		CPIC Level		CPIC Level Status		PharmGKB Level of Evidence		PGx on FDA Label		CPIC Publications (PMID)

		HLA-B		abacavir		https://cpicpgx.org/guidelines/guideline-for-abacavir-and-hla-b/		A		Final		1A		Testing required		24561393;22378157

		HLA-B		allopurinol		https://cpicpgx.org/guidelines/guideline-for-allopurinol-and-hla-b/		A		Final		1A				23232549;26094938

		CYP2D6		amitriptyline		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		A		Final		1A		Actionable PGx		23486447;27997040

		CYP2C19		amitriptyline		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		A		Final		1A				23486447;27997040

		UGT1A1		atazanavir		https://cpicpgx.org/guidelines/guideline-for-atazanavir-and-ugt1a1/		A		Final		1A				26417955

		CYP2D6		atomoxetine		https://cpicpgx.org/guidelines/cpic-guideline-for-atomoxetine-based-on-cyp2d6-genotype/		A		Final		1A		Actionable PGx		30801677

		TPMT		azathioprine		https://cpicpgx.org/guidelines/guideline-for-thiopurines-and-tpmt/		A		Final		1A		Testing recommended		21270794;23422873;30447069

		NUDT15		azathioprine		https://cpicpgx.org/guidelines/guideline-for-thiopurines-and-tpmt/		A		Final		1A		Testing recommended		21270794;23422873;30447069

		DPYD		capecitabine		https://cpicpgx.org/guidelines/guideline-for-fluoropyrimidines-and-dpyd/		A		Final		1A		Actionable PGx		23988873;29152729

		HLA-A		carbamazepine		https://cpicpgx.org/guidelines/guideline-for-carbamazepine-and-hla-b/		A		Final		1A		Actionable PGx		23695185;29392710

		HLA-B		carbamazepine		https://cpicpgx.org/guidelines/guideline-for-carbamazepine-and-hla-b/		A		Final		1A		Testing required		23695185;29392710

		CYP2C9		celecoxib		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		A		Final		1A		Actionable PGx		32189324

		CYP2C19		citalopram		https://cpicpgx.org/guidelines/guideline-for-selective-serotonin-reuptake-inhibitors-and-cyp2d6-and-cyp2c19/		A		Final		1A		Actionable PGx		25974703

		CYP2C19		clopidogrel		https://cpicpgx.org/guidelines/guideline-for-clopidogrel-and-cyp2c19/		A		Final		1A		Actionable PGx		21716271;23698643

		CYP2D6		codeine		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		A		Final		1A		Actionable PGx		22205192;24458010;33387367

		CACNA1S		desflurane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A		Actionable PGx		30499100

		RYR1		desflurane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A		Actionable PGx		30499100

		CYP2B6		efavirenz		https://cpicpgx.org/guidelines/cpic-guideline-for-efavirenz-based-on-cyp2b6-genotype/		A		Final		1A		Actionable PGx		31006110

		CACNA1S		enflurane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A		Actionable PGx		30499100

		RYR1		enflurane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A		Actionable PGx		30499100

		CYP2C19		escitalopram		https://cpicpgx.org/guidelines/guideline-for-selective-serotonin-reuptake-inhibitors-and-cyp2d6-and-cyp2c19/		A		Final		1A		Actionable PGx		25974703

		DPYD		fluorouracil		https://cpicpgx.org/guidelines/guideline-for-fluoropyrimidines-and-dpyd/		A		Final		1A		Actionable PGx		23988873;29152729

		CYP2C9		flurbiprofen		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		A		Final		1A		Actionable PGx		32189324

		CYP2C9		fosphenytoin		https://cpicpgx.org/guidelines/guideline-for-phenytoin-and-cyp2c9-and-hla-b/		A		Final						25099164;32779747

		HLA-B		fosphenytoin		https://cpicpgx.org/guidelines/guideline-for-phenytoin-and-cyp2c9-and-hla-b/		A		Final				Actionable PGx		25099164;32779747

		CACNA1S		halothane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A				30499100

		RYR1		halothane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A				30499100

		CYP2C9		ibuprofen		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		A		Final		1A				32189324

		UGT1A1		irinotecan				A		Provisional		1B		Actionable PGx

		CACNA1S		isoflurane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A		Actionable PGx		30499100

		RYR1		isoflurane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A		Actionable PGx		30499100

		CFTR		ivacaftor		https://cpicpgx.org/guidelines/guideline-for-ivacaftor-and-cftr/		A		Final		1A		Testing required		24598717

		CYP2C19		lansoprazole		https://cpicpgx.org/guidelines/cpic-guideline-for-proton-pump-inhibitors-and-cyp2c19/		A		Final		1A		Informative PGx		32770672

		CYP2C9		lornoxicam		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		A		Final		1A				32189324

		CYP2C9		meloxicam		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		A		Final		1A		Actionable PGx		32189324

		TPMT		mercaptopurine		https://cpicpgx.org/guidelines/guideline-for-thiopurines-and-tpmt/		A		Final		1A		Testing recommended		21270794;23422873;30447069

		NUDT15		mercaptopurine		https://cpicpgx.org/guidelines/guideline-for-thiopurines-and-tpmt/		A		Final		2B		Testing recommended		21270794;23422873;30447069

		RYR1		methoxyflurane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A				30499100

		CACNA1S		methoxyflurane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A				30499100

		CYP2D6		nortriptyline		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		A		Final		1A		Actionable PGx		23486447;27997040

		CYP2C19		omeprazole		https://cpicpgx.org/guidelines/cpic-guideline-for-proton-pump-inhibitors-and-cyp2c19/		A		Final		1A		Actionable PGx		32770672

		CYP2D6		ondansetron		https://cpicpgx.org/guidelines/guideline-for-ondansetron-and-tropisetron-and-cyp2d6-genotype/		A		Final		1A		Informative PGx		28002639

		HLA-B		oxcarbazepine		https://cpicpgx.org/guidelines/guideline-for-carbamazepine-and-hla-b/		A		Final		1A		Testing recommended		29392710

		CYP2C19		pantoprazole		https://cpicpgx.org/guidelines/cpic-guideline-for-proton-pump-inhibitors-and-cyp2c19/		A		Final		1A		Actionable PGx		32770672

		CYP2D6		paroxetine		https://cpicpgx.org/guidelines/guideline-for-selective-serotonin-reuptake-inhibitors-and-cyp2d6-and-cyp2c19/		A		Final		1A		Informative PGx		25974703

		IFNL3		peginterferon alfa-2a		https://cpicpgx.org/guidelines/guideline-for-peg-interferon-alpha-based-regimens-and-ifnl3/		A		Final		1A				24096968

		IFNL4		peginterferon alfa-2a		https://cpicpgx.org/guidelines/guideline-for-peg-interferon-alpha-based-regimens-and-ifnl3/		A		Final		1A

		IFNL3		peginterferon alfa-2b		https://cpicpgx.org/guidelines/guideline-for-peg-interferon-alpha-based-regimens-and-ifnl3/		A		Final		1A		Actionable PGx		24096968

		IFNL4		peginterferon alfa-2b		https://cpicpgx.org/guidelines/guideline-for-peg-interferon-alpha-based-regimens-and-ifnl3/		A		Final		1A

		HLA-B		phenytoin		https://cpicpgx.org/guidelines/guideline-for-phenytoin-and-cyp2c9-and-hla-b/		A		Final		1A		Actionable PGx		25099164;32779747

		CYP2C9		phenytoin		https://cpicpgx.org/guidelines/guideline-for-phenytoin-and-cyp2c9-and-hla-b/		A		Final		1A		Actionable PGx		25099164;32779747

		CYP2C9		piroxicam		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		A		Final		1A		Actionable PGx		32189324

		CYP2D6		pitolisant				A		Provisional				Actionable PGx

		G6PD		rasburicase		https://cpicpgx.org/guidelines/guideline-for-rasburicase-and-g6pd/		A		Final		1A		Testing required		24787449

		CACNA1S		sevoflurane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A		Actionable PGx		30499100

		RYR1		sevoflurane		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A		Actionable PGx		30499100

		SLCO1B1		simvastatin		https://cpicpgx.org/guidelines/guideline-for-simvastatin-and-slco1b1/		A		Final		1A				22617227;24918167

		CYP2C9		siponimod				A		Provisional				Testing required

		CACNA1S		succinylcholine		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A		Actionable PGx		30499100

		RYR1		succinylcholine		https://cpicpgx.org/guidelines/cpic-guideline-for-ryr1-and-cacna1s/		A		Final		1A		Actionable PGx		30499100

		CYP3A5		tacrolimus		https://cpicpgx.org/guidelines/guideline-for-tacrolimus-and-cyp3a5/		A		Final		1A				25801146

		G6PD		tafenoquine				A		Provisional				Testing required

		CYP2D6		tamoxifen		https://cpicpgx.org/guidelines/cpic-guideline-for-tamoxifen-based-on-cyp2d6-genotype/		A		Final		1A		Actionable PGx		29385237

		CYP2C9		tenoxicam		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		A		Final		1A				32189324

		TPMT		thioguanine		https://cpicpgx.org/guidelines/guideline-for-thiopurines-and-tpmt/		A		Final		3		Testing recommended		21270794;23422873;30447069

		NUDT15		thioguanine		https://cpicpgx.org/guidelines/guideline-for-thiopurines-and-tpmt/		A		Final		3		Testing recommended		21270794;23422873;30447069

		CYP2D6		tramadol		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		A		Final		1B		Actionable PGx		33387367

		CYP2D6		tropisetron		https://cpicpgx.org/guidelines/guideline-for-ondansetron-and-tropisetron-and-cyp2d6-genotype/		A		Final		1A				28002639

		CYP2C19		voriconazole		https://cpicpgx.org/guidelines/guideline-for-voriconazole-and-cyp2c19/		A		Final		1A		Actionable PGx		27981572

		CYP2C9		warfarin		https://cpicpgx.org/guidelines/guideline-for-warfarin-and-cyp2c9-and-vkorc1/		A		Final		1A		Actionable PGx		21900891;28198005

		CYP4F2		warfarin		https://cpicpgx.org/guidelines/guideline-for-warfarin-and-cyp2c9-and-vkorc1/		A		Final		1A				21900891;28198005

		VKORC1		warfarin		https://cpicpgx.org/guidelines/guideline-for-warfarin-and-cyp2c9-and-vkorc1/		A		Final		1A		Actionable PGx		21900891;28198005

		MT-RNR1		amikacin				A/B		Provisional		1B

		G6PD		aspirin				A/B		Provisional		4

		POLG		divalproex sodium				A/B		Provisional				Testing required

		CYP2D6		eliglustat				A/B		Provisional				Testing required

		MT-RNR1		gentamicin				A/B		Provisional		1B

		NAT2		hydralazine				A/B		Provisional		2A

		MT-RNR1		kanamycin				A/B		Provisional		1B

		CYP2D6		oliceridine				A/B		Provisional				Actionable PGx

		CYP2D6		pimozide				A/B		Provisional		4		Testing required

		MT-RNR1		streptomycin				A/B		Provisional		1B

		CYP2D6		tetrabenazine				A/B		Provisional				Testing required

		MT-RNR1		tobramycin				A/B		Provisional		1B

		POLG		valproic acid				A/B		Provisional		3		Testing required

		GBA		velaglucerase alfa				A/B		Provisional				Testing required

		CYP2D6		venlafaxine				A/B		Provisional		2A		Actionable PGx

		CYP2D6		vortioxetine				A/B		Provisional		3		Actionable PGx

		CYP2C9		acenocoumarol				B		Provisional		1B

		CYP4F2		acenocoumarol				B		Provisional		3

		CYP2D6		aripiprazole				B		Provisional		3		Actionable PGx

		UGT1A1		belinostat				B		Provisional				Actionable PGx

		CYP2C19		brivaracetam				B		Provisional		4		Actionable PGx

		SCN1A		carbamazepine				B		Provisional		2B

		NAGS		carglumic acid				B		Provisional				Testing required

		G6PD		chloramphenicol				B		Provisional		3

		G6PD		chlorpropamide				B		Provisional				Actionable PGx

		G6PD		ciprofloxacin				B		Provisional		4

		CYP2C19		clomipramine		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		B		Final		1A				23486447;27997040

		CYP2D6		clomipramine		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		B		Final		1A		Actionable PGx		23486447;27997040

		G6PD		dapsone				B		Provisional		1B		Actionable PGx

		CYP2D6		desipramine		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		B		Final		1A		Actionable PGx		23486447;27997040

		CYP2C19		dexlansoprazole		https://cpicpgx.org/guidelines/cpic-guideline-for-proton-pump-inhibitors-and-cyp2c19/		B		Final		1A		Actionable PGx		32770672

		G6PD		dimercaprol				B		Provisional		3

		CYP2C19		doxepin		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		B		Final		1A		Actionable PGx		23486447;27997040

		CYP2D6		doxepin		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		B		Final		1A		Actionable PGx		23486447;27997040

		CYP2D6		fluvoxamine		https://cpicpgx.org/guidelines/guideline-for-selective-serotonin-reuptake-inhibitors-and-cyp2d6-and-cyp2c19/		B		Final		1A		Actionable PGx		25974703

		G6PD		glibenclamide				B		Provisional		3		Actionable PGx

		G6PD		glimepiride				B		Provisional				Actionable PGx

		G6PD		glipizide				B		Provisional				Actionable PGx

		CYP2D6		hydrocodone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		B		Final		3				33387367

		CYP2C19		imipramine		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		B		Final		1A				23486447;27997040

		CYP2D6		imipramine		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		B		Final		1A		Actionable PGx		23486447;27997040

		G6PD		mafenide				B		Provisional				Actionable PGx

		G6PD		mesalazine				B		Provisional

		CYP2B6		methadone				B		Provisional		3

		G6PD		methylene blue				B		Provisional		3		Actionable PGx

		G6PD		moxifloxacin				B		Provisional

		HPRT1		mycophenolic acid				B		Provisional				Actionable PGx

		G6PD		nalidixic acid				B		Provisional				Actionable PGx

		G6PD		nitrofurantoin				B		Provisional		3		Actionable PGx

		G6PD		norfloxacin				B		Provisional				Actionable PGx

		G6PD		pegloticase				B		Provisional		3		Testing required

		G6PD		phenazopyridine				B		Provisional		3

		CYP4F2		phenprocoumon				B		Provisional		2A

		SCN1A		phenytoin				B		Provisional		3

		G6PD		primaquine				B		Provisional		3		Testing required

		G6PD		probenecid				B		Provisional				Actionable PGx

		G6PD		quinine				B		Provisional				Actionable PGx

		CYP2D6		risperidone				B		Provisional		1B		Informative PGx

		ABCG2		rosuvastatin				B		Provisional		2A

		CYP2C19		sertraline		https://cpicpgx.org/guidelines/guideline-for-selective-serotonin-reuptake-inhibitors-and-cyp2d6-and-cyp2c19/		B		Final		1A				25974703

		G6PD		sodium nitrite				B		Provisional				Actionable PGx

		G6PD		sulfacetamide				B		Provisional

		G6PD		sulfadiazine				B		Provisional				Actionable PGx

		G6PD		sulfamethoxazole / trimethoprim				B		Provisional		3		Actionable PGx

		G6PD		sulfasalazine				B		Provisional		4		Actionable PGx

		G6PD		sulfisoxazole				B		Provisional

		CYP2D6		trimipramine		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		B		Final		1A		Actionable PGx		23486447;27997040

		CYP2C19		trimipramine		https://cpicpgx.org/guidelines/guideline-for-tricyclic-antidepressants-and-cyp2d6-and-cyp2c19/		B		Final		1A				23486447;27997040

		ASS1		valproic acid				B		Provisional

		NAGS		valproic acid				B		Provisional

		CPS1		valproic acid				B		Provisional

		ASL		valproic acid				B		Provisional

		ABL2		valproic acid				B		Provisional

		OTC		valproic acid				B		Provisional				Actionable PGx

		HLA-A		allopurinol				B/C		Provisional		2B

		NAT2		amifampridine				B/C		Provisional				Actionable PGx

		NAT2		amifampridine phosphate				B/C		Provisional				Actionable PGx

		CYP2D6		amoxapine				B/C		Provisional				Actionable PGx

		CYP2D6		amphetamine				B/C		Provisional				Informative PGx

		CYP2D6		aripiprazole lauroxil				B/C		Provisional				Actionable PGx

		GRK5		atenolol				B/C		Provisional

		ADRB1		atenolol				B/C		Provisional		3

		CYP2C9		avatrombopag				B/C		Provisional				Informative PGx

		CYP2D6		brexpiprazole				B/C		Provisional				Actionable PGx

		ADRB1		bucindolol				B/C		Provisional		3

		CYP2B6		bupropion				B/C		Provisional		2A

		CYP2C19		carisoprodol				B/C		Provisional		3		Actionable PGx

		GRK5		carvedilol				B/C		Provisional

		ADRB1		carvedilol				B/C		Provisional		3

		CYP2D6		carvedilol				B/C		Provisional		3		Actionable PGx

		CYP2D6		cevimeline				B/C		Provisional				Actionable PGx

		SLC6A4		citalopram				B/C		Provisional		3

		CYP2C19		clobazam				B/C		Provisional		2A		Actionable PGx

		CYP2D6		clozapine				B/C		Provisional				Actionable PGx

		G6PD		dabrafenib				B/C		Provisional				Actionable PGx

		SLC28A3		daunorubicin				B/C		Provisional

		CYP2D6		deutetrabenazine				B/C		Provisional				Actionable PGx

		CYP2D6		dextromethorphan				B/C		Provisional		3

		CYP2C19		diazepam				B/C		Provisional		3		Actionable PGx

		UGT1A1		dolutegravir				B/C		Provisional				Actionable PGx

		CYP2D6		donepezil				B/C		Provisional		3		Actionable PGx

		SLC28A3		doxorubicin				B/C		Provisional

		CYP2C9		dronabinol				B/C		Provisional				Actionable PGx

		SLCO1B1		elagolix				B/C		Provisional				Actionable PGx

		CYP2C9		erdafitinib				B/C		Provisional				Actionable PGx

		SLC6A4		escitalopram				B/C		Provisional		3

		CYP2D6		flecainide				B/C		Provisional		2A

		CYP2D6		gefitinib				B/C		Provisional		3		Actionable PGx

		CYP2D6		haloperidol				B/C		Provisional		3

		G6PD		hydroxychloroquine				B/C		Provisional				Actionable PGx

		CYP2D6		iloperidone				B/C		Provisional		3		Actionable PGx

		CYP2D6		labetalol				B/C		Provisional

		HLA-DRB1		lapatinib				B/C		Provisional		3		Actionable PGx

		CYP2C9		lesinurad				B/C		Provisional				Actionable PGx

		G6PD		lidocaine				B/C		Provisional

		MTHFR		l-methylfolate				B/C		Provisional		3

		CYP2D6		lofexidine				B/C		Provisional				Actionable PGx

		CYP2D6		meclizine				B/C		Provisional				Actionable PGx

		CYP2D6		metoclopramide				B/C		Provisional				Actionable PGx

		GRK5		metoprolol				B/C		Provisional

		CYP2D6		metoprolol				B/C		Provisional		2A		Informative PGx

		ADRB1		metoprolol				B/C		Provisional		3

		CYP2D6		mirabegron				B/C		Provisional				Actionable PGx

		CYP2D6		mirtazapine				B/C		Provisional		3

		BCHE		mivacurium				B/C		Provisional

		CYP2D6		nebivolol				B/C		Provisional				Informative PGx

		CYP2B6		nevirapine				B/C		Provisional		2B

		UGT1A1		nilotinib				B/C		Provisional		3		Actionable PGx

		UGT1A1		pazopanib				B/C		Provisional		3		Actionable PGx

		HLA-B		pazopanib				B/C		Provisional				Actionable PGx

		CYP2D6		perphenazine				B/C		Provisional				Actionable PGx

		NAT2		procainamide				B/C		Provisional				Informative PGx

		CYP2D6		propafenone				B/C		Provisional		2A		Actionable PGx

		CYP2D6		propranolol				B/C		Provisional		4		Informative PGx

		CYP2D6		protriptyline				B/C		Provisional				Actionable PGx

		UGT1A1		raltegravir				B/C		Provisional				Informative PGx

		BCHE		succinylcholine				B/C		Provisional		3		Actionable PGx

		NAT2		sulfamethoxazole / trimethoprim				B/C		Provisional				Actionable PGx

		NAT2		sulfasalazine				B/C		Provisional				Actionable PGx

		CYP2D6		tamsulosin				B/C		Provisional				Actionable PGx

		CYP2D6		thioridazine				B/C		Provisional		3		Actionable PGx

		CYP2D6		timolol				B/C		Provisional		3

		CYP2D6		valbenazine				B/C		Provisional				Actionable PGx

		CYP2D6		zuclopenthixol				B/C		Provisional		3

		CYP2C9		aceclofenac		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		C		Final						32189324

		TNF		adalimumab				C		Provisional

		COMT		alfentanil		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final						33387367

		OPRM1		alfentanil		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		HLA-C		allopurinol				C		Provisional		2B

		MC4R		amisulpride				C		Provisional		2B

		MC4R		aripiprazole				C		Provisional		2B

		HLA-DPB1		aspirin				C		Provisional		2B

		CYP2C9		aspirin		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		C		Final						32189324

		CFTR		ataluren				C		Provisional		2A

		COMT		buprenorphine		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		OPRM1		buprenorphine		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		HLA-B		carbimazole				C		Provisional		2A

		MTHFR		carboplatin				C		Provisional		3

		G6PD		chloroquine				C		Provisional		3		Actionable PGx

		COMT		citalopram				C		Provisional

		GRIK4		citalopram				C		Provisional

		HTR2A		citalopram				C		Provisional		2B

		CES1		clopidogrel				C		Provisional		2B

		HTR2C		clozapine				C		Provisional		3

		MC4R		clozapine				C		Provisional		2B

		COMT		codeine		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final						33387367

		OPRM1		codeine		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		CYP3A5		cyclosporine				C		Provisional		2B

		HLA-B		dapsone				C		Provisional		2A

		CYP2D6		darifenacin				C		Provisional				Actionable PGx

		CYP2C9		diclofenac		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		C		Final		3				32189324

		CYP2C8		diclofenac		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		C		Final		3				32189324

		ABCB1		digoxin				C		Provisional		3

		CYP2D6		dolasetron				C		Provisional		3

		CYP2D6		duloxetine				C		Provisional				Actionable PGx

		F5		eltrombopag				C		Provisional				Actionable PGx

		COMT		escitalopram				C		Provisional

		GRIK4		escitalopram				C		Provisional

		CYP2C19		esomeprazole		https://cpicpgx.org/guidelines/cpic-guideline-for-proton-pump-inhibitors-and-cyp2c19/		C		Final		3		Actionable PGx		32770672

		TNF		etanercept				C		Provisional		2B

		COMT		fentanyl		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		OPRM1		fentanyl		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		ABCB1		fentanyl				C		Provisional		2A

		CYP2D6		fesoterodine				C		Provisional				Actionable PGx

		CYP2C9		flibanserin				C		Provisional				Actionable PGx

		CYP2C19		flibanserin				C		Provisional				Actionable PGx

		CYP2D6		flibanserin				C		Provisional				Actionable PGx

		GRIK4		fluoxetine				C		Provisional

		CYP2D6		fluoxetine				C		Provisional		3		Informative PGx

		CYP2D6		galantamine				C		Provisional		3		Informative PGx

		MC4R		haloperidol				C		Provisional		2B

		F5		hormonal contraceptives for systemic use				C		Provisional		3

		OPRM1		hydrocodone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		COMT		hydrocodone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final						33387367

		OPRM1		hydromorphone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final						33387367

		COMT		hydromorphone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final						33387367

		CYP2C8		ibuprofen		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		C		Final		3				32189324

		CYP2C9		indomethacin		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		C		Final		3				32189324

		TNF		infliximab				C		Provisional		3

		NAT2		isoniazid				C		Provisional		2A

		HLA-DQA1		lapatinib				C		Provisional		2B		Actionable PGx

		COMT		levomethadone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final						33387367

		OPRM1		levomethadone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final						33387367

		CYP2C9		lumiracoxib		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		C		Final						32189324

		OPRM1		methadone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		CYP2D6		methadone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		COMT		methadone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		2A				33387367

		HLA-C		methazolamide				C		Provisional		3

		HLA-B		methazolamide				C		Provisional		2A

		HLA-B		methimazole				C		Provisional		2A

		ABCB1		methotrexate				C		Provisional		2A

		MTHFR		methotrexate				C		Provisional		2A

		SLCO1B1		methotrexate				C		Provisional		2A

		CYP2D6		methylphenidate				C		Provisional		4

		CYP2D6		modafinil				C		Provisional				Actionable PGx

		OPRM1		morphine		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		COMT		morphine		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		2A				33387367

		CYP2C9		nabumetone		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		C		Final						32189324

		OPRM1		naloxone				C		Provisional		3

		COMT		naltrexone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final						33387367

		OPRM1		naltrexone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		CYP2C9		naproxen		https://cpicpgx.org/guidelines/cpic-guideline-for-nsaids-based-on-cyp2c9-genotype/		C		Final		4				32189324

		HLA-DRB1		nevirapine				C		Provisional		2B

		ABCB1		nevirapine				C		Provisional		2A

		HLA-B		nevirapine				C		Provisional		2A

		HTR2C		olanzapine				C		Provisional		3

		MC4R		olanzapine				C		Provisional		2B

		HLA-A		oxcarbazepine		https://cpicpgx.org/guidelines/guideline-for-carbamazepine-and-hla-b/		C		Final		4				29392710

		CYP2D6		oxycodone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		2A				33387367

		COMT		oxycodone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		2A				33387367

		OPRM1		oxycodone		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		MC4R		paliperidone				C		Provisional		2B

		CYP2D6		palonosetron				C		Provisional				Informative PGx

		GRIK4		paroxetine				C		Provisional

		SLCO1B1		pravastatin				C		Provisional		2A

		HLA-B		propylthiouracil				C		Provisional		2A

		MC4R		quetiapine				C		Provisional		2B

		CYP2D6		quinidine				C		Provisional				Informative PGx

		CYP2D6		quinine				C		Provisional				Actionable PGx

		CYP2C19		rabeprazole		https://cpicpgx.org/guidelines/cpic-guideline-for-proton-pump-inhibitors-and-cyp2c19/		C		Final		2A		Actionable PGx		32770672

		OPRM1		remifentanil		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final						33387367

		COMT		remifentanil		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		2A				33387367

		DRD2		risperidone				C		Provisional		3

		MC4R		risperidone				C		Provisional		2B

		HTR2C		risperidone				C		Provisional		3

		CYP2C8		rosiglitazone				C		Provisional		3

		SLCO1B1		rosuvastatin				C		Provisional		2A		Actionable PGx

		CYP2D6		sertraline				C		Provisional		3

		GRIK4		sertraline				C		Provisional

		ABCB1		simvastatin				C		Provisional		3

		CYP3A5		sirolimus				C		Provisional		3

		COMT		sufentanil		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		2A				33387367

		OPRM1		sufentanil		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		CYP3A4		tacrolimus				C		Provisional		2A

		DPYD		tegafur		https://cpicpgx.org/guidelines/guideline-for-fluoropyrimidines-and-dpyd/		C		Final		3				23988873;29152729

		CYP2D6		terbinafine				C		Provisional				Informative PGx

		CYP2D6		tolterodine				C		Provisional		2A		Actionable PGx

		COMT		tramadol		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		2A				33387367

		OPRM1		tramadol		https://cpicpgx.org/guidelines/guideline-for-codeine-and-cyp2d6/		C		Final		3				33387367

		GRIK4		venlafaxine				C		Provisional

		G6PD		vitamin c				C		Provisional

		MC4R		ziprasidone				C		Provisional		2B

		ITPA		interferon alfa-2b, recombinant				C/D		Provisional		2B

		CYP3A5		midazolam				C/D		Provisional		3

		COMT		nicotine				C/D		Provisional		2A

		ABCB1		ondansetron				C/D		Provisional		2A

		UGT2B15		oxazepam				C/D		Provisional		3

		FDPS		alendronate				D		Provisional

		GP1BA		aspirin				D		Provisional		2B

		LTC4S		aspirin				D		Provisional		2B

		PTGS1		aspirin				D		Provisional		2B

		KIF6		atorvastatin				D		Provisional		3

		LDLR		atorvastatin				D		Provisional				Informative PGx

		LPA		atorvastatin				D		Provisional

		APOE		atorvastatin				D		Provisional		2B

		CETP		atorvastatin				D		Provisional		3

		COQ2		atorvastatin				D		Provisional		3

		CRHR1		budesonide				D		Provisional

		ADORA2A		caffeine				D		Provisional		2B

		TYMS		capecitabine				D		Provisional		3

		ACE		captopril				D		Provisional		2A

		EPHX1		carbamazepine				D		Provisional		2B

		LPA		cerivastatin				D		Provisional

		CETP		cerivastatin				D		Provisional

		EGF		cetuximab				D		Provisional		2B

		XPC		cisplatin				D		Provisional		3

		ERCC1		cisplatin				D		Provisional		2B

		GSTM1		cisplatin				D		Provisional		3

		NQO1		cisplatin				D		Provisional

		FKBP5		citalopram				D		Provisional		2B

		ANKK1		clozapine				D		Provisional

		NQO1		cyclophosphamide				D		Provisional

		SOD2		cyclophosphamide				D		Provisional		3

		GSTP1		cyclophosphamide				D		Provisional		2A

		CBR3		daunorubicin				D		Provisional

		HAS3		daunorubicin				D		Provisional

		HAS3		doxorubicin				D		Provisional

		NQO1		doxorubicin				D		Provisional

		CBR3		doxorubicin				D		Provisional		3

		SERPINC1		eltrombopag				D		Provisional				Actionable PGx

		NQO1		epirubicin				D		Provisional

		GSTP1		epirubicin				D		Provisional		2A

		HAS3		epirubicin				D		Provisional

		CBR3		epirubicin				D		Provisional		3

		DYNC2H1		etoposide				D		Provisional		3

		UMPS		fluorouracil				D		Provisional		4

		TYMS		fluorouracil				D		Provisional		3

		NQO1		fluorouracil				D		Provisional		2A

		GSTP1		fluorouracil				D		Provisional		2A

		FKBP5		fluoxetine				D		Provisional		2B

		CRHR1		fluticasone propionate				D		Provisional

		CRHR1		fluticasone/salmeterol				D		Provisional

		LPA		fluvastatin				D		Provisional

		CETP		fluvastatin				D		Provisional		3

		ADD1		furosemide				D		Provisional		2B

		NT5C2		gemcitabine				D		Provisional		3

		PRKCA		hydrochlorothiazide				D		Provisional		2B

		YEATS4		hydrochlorothiazide				D		Provisional		2B

		NEDD4L		hydrochlorothiazide				D		Provisional		3

		HAS3		idarubicin				D		Provisional

		CBR3		idarubicin				D		Provisional

		SEMA3C		irinotecan				D		Provisional		3

		C8orf34		irinotecan				D		Provisional		3

		UGT1A4		lamotrigine				D		Provisional		2B

		PTGFR		latanoprost				D		Provisional		2B

		C11orf65		metformin				D		Provisional		3

		MTRR		methotrexate				D		Provisional		3

		ATIC		methotrexate				D		Provisional		2B

		CYB5R1		metoclopramide				D		Provisional				Actionable PGx

		CYB5R3		metoclopramide				D		Provisional				Actionable PGx

		CYB5R4		metoclopramide				D		Provisional				Actionable PGx

		CYB5R2		metoclopramide				D		Provisional				Actionable PGx

		FKBP5		mirtazapine				D		Provisional		2B

		CCHCR1		nevirapine				D		Provisional		3

		CHRNA3		nicotine				D		Provisional		2B

		ANKK1		olanzapine				D		Provisional		3

		GSTP1		oxaliplatin				D		Provisional		2A

		GSTM1		oxaliplatin				D		Provisional		3

		HTR1A		paroxetine				D		Provisional		2B

		FKBP5		paroxetine				D		Provisional		2B

		VDR		peginterferon alfa-2b				D		Provisional		3

		CETP		pravastatin				D		Provisional		3

		KIF6		pravastatin				D		Provisional		2B

		HMGCR		pravastatin				D		Provisional		3

		LPA		pravastatin				D		Provisional

		FDPS		raloxifene				D		Provisional

		VDR		ribavirin				D		Provisional		3

		FDPS		risedronate				D		Provisional

		ANKK1		risperidone				D		Provisional		3

		FCGR3A		rituximab				D		Provisional		3

		COQ2		rosuvastatin				D		Provisional		3

		LPA		rosuvastatin				D		Provisional

		ADRB2		salbutamol				D		Provisional		2A

		CRHR2		salbutamol				D		Provisional		3

		COL22A1		salbutamol				D		Provisional		3

		ADRB2		salmeterol				D		Provisional		2A

		GNB3		sildenafil				D		Provisional		3

		HMGCR		simvastatin				D		Provisional		3

		LPA		simvastatin				D		Provisional

		CETP		simvastatin				D		Provisional		3

		ADD1		spironolactone				D		Provisional		2B

		ABCC4		tenofovir				D		Provisional		3

		CRHR1		triamcinolone				D		Provisional

		FKBP5		venlafaxine				D		Provisional		2B

		CALU		warfarin				D		Provisional		3

		GGCX		warfarin				D		Provisional		3

		PROC		warfarin				D		Provisional				Actionable PGx

		PROS1		warfarin				D		Provisional				Actionable PGx





cpic a and b drugs jan 21

		abacavir		clomipramine		glimepiride*		moxifloxacin		primaquine		tamoxifen

		acenocoumarol		clopidogrel*		glipizide*		mycophenolate		probenecid		tenoxicam

		allopurinol*		codeine*		halothane		nalidixic acid		quinine		tetrabenazine

		amikacin		dapsone		hydralazine		nitrofurantoin		rasburicase		thioguanine

		amitriptyline		desflurane		hydrocodone*		norfloxacin		risperidone		tobramycin

		aripiprazole		desipramine		ibuprofen*		nortriptyline		rosuvastatin*		tramadol*

		aspirin		dexlansoprazole		imipramine		oliceridine		sertraline*		trimipramine

		atazanavir		dimercaprol		irinotecan		omeprazole*		sevoflurane		tropisetron

		atomoxetine		divalproex Na		isoflurane		ondansetron		simvastatin*		valproic acid

		azathioprine		doxepin		ivacaftor		oxcarbazepine		siponimod		velaglucerase alfa

		belinostat		efavirenz		kanamycin		pantoprazole*		sodium nitrite		venlafaxine*

		brivaracetam		eliglustat		lansoprazole*		paroxetine*		streptomycin		voriconazole

		capecitabine		enflurane		lornoxicam		peginterferon alfa-2b		succinylcholine		vortioxetine

		carbamazepine		escitalopram*		mafenide		pegloticase		sulfacetamide		warfarin

		carglumic acid		fluorouracil		meloxicam*		phenazopyridine		sulfadiazine

		celecoxib*		flurbiprofen		mercaptopurine		phenprocoumon		sulfamethoxazole*

		chloramphenicol		fluvoxamine		mesalazine		phenytoin		sulfasalazine

		chlorpropamide		fosphenytoin		methadone		pimozide		sulfisoxazole

		ciprofloxacin*		gentamicin		methoxyflurane		piroxicam		tacrolimus

		citalopram*		glibenclamide		methylene blue		pitolisant		tafenoquine
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abacavir


clomipramine


glimepiride*
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clopidogrel*


glipizide*
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dapsone


hydralazine


amitriptyline


desflurane


hydrocodone*


aripiprazole


desipramine


ibuprofen*


aspirin
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imipramine
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dimercaprol


irinotecan




CPIC has multiple levels and grading systems, not 
all equivalent to “evidence” level.

• Gene/drug pair prescribing actionability (A, B, C, D)
• Guideline prescribing recommendations (strong, moderate, optional, 

or none)
• Relevant findings related to prescribing recommendations, strength of 

evidence (high, moderate, weak)
• Allele clinical functional assignments to alleles are also graded for 

strength of evidence (high, moderate, weak)



Strength of recommendations

From CPIC SOP



CPIC has multiple levels and grading systems, not 
all equivalent to “evidence” level.

• Gene/drug pair prescribing actionability (A, B, C, D)
• Guideline prescribing recommendations (strong, moderate, optional, 

or none)
• Relevant findings related to prescribing recommendations, strength of 

evidence (high, moderate, weak)
• Allele clinical functional assignments to alleles are also graded for 

strength of evidence (high, moderate, weak)
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Worksheet 
for 
evidence 
review for 
current 
guideline: 
evidence 
linking 
hemolysis 
with drug 
us in G6PD 
deficiency



CPIC has multiple levels and grading systems, not 
all equivalent to “evidence” level.

• Gene/drug pair prescribing actionability (A, B, C, D)
• Guideline prescribing recommendations (strong, moderate, optional, 

or none)
• Relevant findings related to prescribing recommendations, strength of 

evidence (high, moderate, weak)
• Allele clinical functional assignments to alleles are also graded for 

strength of evidence (high, moderate, weak)



From CPIC Allele Function SOP



Scoring the Evidence Process Overview
• Two authors will independently 

• summarize the evidence
• assign strength of evidence 
• assign allele clinical function 
• assign activity value for genes using activity scores

• Independent evaluations are compiled into a working draft of the Allele 
functionality table

• Table is disseminated to all other authors for review 



Strength of evidence to 
assign clinical function

• Modified process from that used by ClinGen for 
their gene-disease validity evaluation

• Classified as to the type of the evidence 
supporting the assignment



Strength of evidence to 
assign clinical function

• Modifications to this general framework
• Threshold for what evidence is enough to inform 

actionability may differ for different genes/drugs
• E.g. bolus chemotherapy drug that could cause death 

(DPYD/5FU) vs chronic oral drug for which some titration is 
possible in clinic (CYP2C9/warfarin)

• Gene-specific modifications by experts will be 
documented and publicly available 

• Allele clinical function assignment may be modified 
based on clinical expertise 

• Summary of Findings column will document the rationale for 
modification and the assigned function prior to modification



Evidence based on 
allele function 
characterization, 
findings for the 
gene/drug association, 
and findings for the 
alternative therapy are 
weighed by the experts 
to create the 
prescribing 
recommendations in 
“Table 2”; all 
actionable gene/drug 
pairs are assigned 
actionability levels of A 
or B



CPIC assigns 
actionability 
levels to 
gene/drug pairs

It’s not CPIC level of evidence, 
it’s CPIC actionability level



This work was funded by the National Institutes 
of Health (NIH) (R24GM115264 and 

U24HG010135) 

• And:

• CPIC informatics; Robert Freimuth, Ph.D 

• Andrea Gaedigk, Ph.D. (PharmVar)

• Pgx Dissemination: Andrew Monte, M.D., 
Ph.D.; Daniel Mueller, M.D., Ph.D.; Andria 
Del Tredici, Ph.D.

• Other CPIC staff and collaborators: Rose 
Gammal, Pharm.D.; Sarah Morris, 
Pharm.D.; Katrin Sangkuhl, Ph.D.; Li 
Gong, Ph.D.; Rachel Huddart, Ph.D.;  Ryan 
Whaley

• CPIC members




	Many factors cause interindividual variability in drug effects; genetics is just one factor
	Many resources are used to guide prescribing based on interindividual factors
	CPIC has multiple levels and grading systems, not all equivalent to “evidence” level.�
	CPIC’s goal is to write guidelines for all CPIC actionability level A and B gene/drug pairs�
	Slide Number 5
	Slide Number 6
	Slide Number 7
	CPIC has multiple levels and grading systems, not all equivalent to “evidence” level.�
	Slide Number 9
	Slide Number 10
	There are two main tables of pgx on FDA sites
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Actionable (CPIC level A and B) drugs (n=114)
	CPIC has multiple levels and grading systems, not all equivalent to “evidence” level.�
	Strength of recommendations
	CPIC has multiple levels and grading systems, not all equivalent to “evidence” level.�
	From CPIC SOP
	Worksheet for evidence review for current guideline: evidence linking hemolysis with drug us in G6PD deficiency
	CPIC has multiple levels and grading systems, not all equivalent to “evidence” level.�
	Slide Number 26
	Scoring the Evidence Process Overview
	Strength of evidence to assign clinical function
	Strength of evidence to assign clinical function
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33

