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The	Clinical	Genome	Resource
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ClinGen	Approaches	to	Variant	Curation

• Improve	variant	interpretation	through:
▫ Public	interpretation	sharing	(ClinVar)
� Creates	transparency	and	crowd-sources	the	work
▫ Use	of	common	standards	(ACMG/AMP	guideline)
▫ Inter-laboratory	conflict	resolution

• Engage	experts	in	systematic	consensus-driven	
interpretation	of	variants



Global	ClinVar Submissions
482,941	submissions	on	316,353	unique	variants

703	submitters	from	56	countries	
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ClinGen	Approaches	to	Variant	Curation

• Improve	variant	interpretation	through:
▫ Public	interpretation	sharing	(ClinVar)
� Creates	transparency	and	crowd-sources	the	work
▫ Use	of	common	standards	
� Terminology
� Rules	for	variant	interpretation
▫ Inter-laboratory	conflict	resolution

• Engage	experts	in	systematic	consensus-driven	
interpretation	of	variants



Over	45	different	clinical	significance	terms	submitted	to	ClinVar
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Standards	and	Guidelines	for	Interpreting	the	Clinical	Significance	
of	Pharmacogenomic Variants	

• Proposal	from	ClinGen PGx Working	Group,	in	combination	with	
ACMG	Lab	QA	committee

• To	develop	a	framework	of	tiered	standard	terminology	and	
definitions	that	reflect	clinical	significance	for	genomic	variants	
implicated	in	drug	response	variability	(efficacy,	dosing,	or	adverse	
event	risk)

• To	deploy	this	system	in	the	ClinVar database	for	use	by	laboratories	
when	submitting	pharmacogenomic data	to	ClinVar,	and	for	the	
interpretation	of	pharmacogenomic variants	by	clinical	genetic	testing	
laboratories

• Will	be	adopted	by	CPIC	and	PharmGKB

Courtesy	of	Teri	Klein	and	Mary	Relling



Proposed	Classification
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ClinGen	Approaches	to	Variant	Curation

• Improve	variant	interpretation	through:
▫ Public	interpretation	sharing	(ClinVar)
� Creates	transparency	and	crowd-sources	the	work
▫ Use	of	common	standards	(ACMG/AMP	guideline)
▫ Inter-laboratory	conflict	resolution

• Engage	experts	in	systematic	consensus-driven	
interpretation	of	variants



Pre-Discrepancy	
Resolution	Process

Post-Discrepancy	
Resolution	Process

87% resolution 
(211/242)

Harrison	et	al.	Genet	Med
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Univ Chicago



ClinGen	Approaches	to	Variant	Curation
• Improve	variant	interpretation	through:
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Expert Panel

Single Submitter – Criteria Provided

Single Submitter – No Criteria Provided 
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ClinGen	Steering	Committee
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ClinGen PGx Working	Group

• Membership	consists	of	CPIC,	PharmGKB
leadership	&	ClinGen members,	and,	PGx experts	
throughout	the	country	with	different	expertise
• Current	Goals:
▫ Provide	standardized	terminology	to	guide	PGx	
ClinVar	submissions	from	any	source
▫ Submit	all	dosing	recommendations	from	CPIC	
and	high-level	PGx annotations	from	PharmGKB
to	ClinVar
▫ Submit	allele	function	information	using	CPIC’s	
standardized	nomenclature	

Chairs
Teri	E.	Klein,	PhD,	FACMI,	FACMG
Marylyn	D.	Ritchie,	PhD

Members
Gillian	Bell,	PharmD
Jonathan	Berg,	MD,	PhD
Ulrich	Broeckel,	MD
Joshua	C.	Denny,	MD,	MS
Cyrine-Eliana	Haidar,	PharmD
Howard	L.	McLeod,	PharmD
Erin	M.	Ramos,	MPH,	PhD
Mary	V.	Relling,	PharmD
Stuart	Scott,	PhD
Michelle	Whirl-Carrillo,	PhD
Marc	S	Williams,	MD
Andy	Rivera	M.	- coordinator

Courtesy	of	Teri	Klein	and	Mary	Relling



Challenges	in	Submitting	PGx to	ClinVar

• CPIC	&	PharmGKB are	first	groups	to	submit	large	amounts	of	
pharmacogenomic associations	to	ClinVar,	which	typically	hosts	disease	allele	
associations
• Challenges:
▫ How	to	define	haplotype,	or	star	(*)	alleles,	in	ClinVar	
▫ How	to	represent	CPIC	dosing	recommendations,	which	are	written	at	the	
genotype/diplotype level
▫ Need	for	a	template	and	vocabulary	designed	for	disease	associations	for	
drugs
▫ How	to	display	links	back	to	PharmGKB/CPIC	for	detailed	association	
information	

Courtesy	of	Teri	Klein	and	Mary	Relling



warfarin response - Dosage
ivacaftor response - Efficacy
radiotherapy response - Toxicity/ADR
antipsychotics response - Toxicity/ADR
capecitabine response - Toxicity/ADR
fluorouracil response - Toxicity/ADR
acenocoumarol response - Dosage
anthracyclines and related substances response - Toxicity/ADR
citalopram response - Efficacy
efavirenz response - Metabolism/PK
hmg coa reductase inhibitors response - Toxicity/ADR
phenprocoumon response - Dosage
tegafur response - Toxicity/ADR
HMG CoA reductase inhibitors response - Efficacy
Platinum compounds response - Toxicity/ADR
SN-38 response - Other
Selective serotonin reuptake inhibitors response - Efficacy
aminoglycoside antibacterials response - Toxicity/ADR
antidepressants response - Efficacy
ataluren response - Efficacy
carbamazepine response - Dosage
cisplatin response - Efficacy, Toxicity/ADR
clozapine response - Toxicity/ADR
gefitinib response - Efficacy
hydrochlorothiazide response - Efficacy
irinotecan response - Toxicity/ADR
methotrexate response - Toxicity/ADR
olanzapine response - Toxicity/ADR
peginterferon alfa-2a, peginterferon alfa-2b, ribavirin, and 
telaprevir response - Efficacy
pravastatin response - Efficacy
risperidone response - Toxicity/ADR
salbutamol response - Efficacy
simvastatin response - Toxicity/ADR
Platinum compounds response - Efficacy, Toxicity/ADR
Pyrimidine analogues response - Toxicity/ADR
Pyrimidine analogues response - Toxicity/ADR, Metabolism/PK
aspirin response - Efficacy
atorvastatin response - Efficacy
capecitabine response - Toxicity/ADR, Metabolism/PK
carboplatin response - Efficacy, Toxicity/ADR
cetuximab response - Efficacy
cisplatin response - Toxicity/ADR
clopidogrel response - Efficacy
clopidogrel response - Efficacy, Toxicity/ADR
erlotinib response - Efficacy
ethanol response - Toxicity/ADR
fentanyl response - Dosage
fluorouracil response - Toxicity/ADR, Metabolism/PK
metformin response - Efficacy
methadone response - Dosage
morphine response - Dosage
nevirapine response - Other
nevirapine response - Toxicity/ADR
ondansetron response - Efficacy

opioids response - Dosage
oxaliplatin response - Efficacy, Toxicity/ADR
paroxetine response - Efficacy
peginterferon alfa-2b and ribavirin response - Toxicity/ADR
peginterferon alfa-2b response - Efficacy
platinum response - Efficacy, Toxicity/ADR
ribavirin response - Efficacy
simvastatin response - Efficacy
tegafur response - Toxicity/ADR, Metabolism/PK
trastuzumab response - Efficacy
warfarin response - Dosage, Toxicity/ADR
Ace Inhibitors, Plain response - Toxicity/ADR
Alkylating Agents, anthracyclines and related substances, 
fluorouracil, and Platinum compounds response - Efficacy
Antiinflammatory agents, non-steroids response - Toxicity/ADR
Bisphosphonates response - Efficacy
Drugs used in opioid dependence response - Metabolism/PK
Ivacaftor response
Tumor necrosis factor alpha (TNF-alpha) inhibitors response -
Efficacy
acenocoumarol response - Dosage, Toxicity/ADR
adalimumab response - Efficacy
alfentanil response - Metabolism/PK
allopurinol response - Efficacy
amisulpride response - Toxicity/ADR
amitriptyline response - Dosage, Toxicity/ADR
amitriptyline response - Efficacy
antidepressants response - Dosage, Toxicity/ADR
antiepileptics response - Efficacy
antineoplastic agents response - Efficacy, Toxicity/ADR
aripiprazole response - Toxicity/ADR
aspirin response - Toxicity/ADR
atazanavir and ritonavir response - Toxicity/ADR
atazanavir response - Other
atorvastatin response - Toxicity/ADR
azathioprine response - Dosage, Toxicity/ADR
boceprevir response - Efficacy
budesonide response - Efficacy
buprenorphine response - Dosage
bupropion response - Efficacy
caffeine response - Toxicity/ADR
capecitabine response - Efficacy
captopril response - Efficacy
carbamazepine response - Efficacy
carboplatin response - Efficacy
carboplatin, docetaxel, erlotinib, gemcitabine, and paclitaxel 
response - Efficacy
celecoxib response - Dosage
celecoxib response - Toxicity/ADR
cerivastatin response - Toxicity/ADR
cetuximab response - Dosage
chlorproguanil and dapsone response - Toxicity/ADR
citalopram response - Metabolism/PK
clomipramine response - Dosage, Toxicity/ADR
clomipramine response - Efficacy

clopidogrel response - Dosage, Efficacy, Toxicity/ADR
cocaine response - Toxicity/ADR
corticosteroids response - Efficacy
cyclophosphamide and epirubicin response - Efficacy, 
Toxicity/ADR
cyclophosphamide response - Efficacy
cyclophosphamide response - Efficacy, Toxicity/ADR
cyclophosphamide response - Toxicity/ADR
cyclosporine response - Dosage, Metabolism/PK
desipramine response - Dosage, Toxicity/ADR
diclofenac response - Toxicity/ADR
digoxin response - Other
diuretics response - Efficacy
docetaxel response - Efficacy
doxepin response - Dosage, Toxicity/ADR
efavirenz response - Dosage
efavirenz response - Toxicity/ADR
escitalopram response - Metabolism/PK
etanercept response - Efficacy
ethambutol, isoniazid, pyrazinamide, and rifampin response -
Toxicity/ADR
ethambutol, isoniazid, pyrazinamide, and rifampin response -
Toxicity/ADR, Metabolism/PK
etoposide response - Toxicity/ADR
fentanyl response - Metabolism/PK
fluorouracil and oxaliplatin response - Efficacy
fluorouracil response - Efficacy
fluorouracil response - Efficacy, Toxicity/ADR
fluorouracil, leucovorin, and oxaliplatin response - Efficacy
fluoxetine response - Efficacy
fluticasone propionate response - Efficacy
fluticasone/salmeterol response - Efficacy
furosemide and spironolactone response - Efficacy
gemcitabine response - Other
haloperidol response - Toxicity/ADR
heroin response - Metabolism/PK
hmg coa reductase inhibitors response - Toxicity/ADR, 
Metabolism/PK
hormonal contraceptives for systemic use response -
Toxicity/ADR
imipramine response - Dosage, Toxicity/ADR
infliximab response - Efficacy
interferon alfa-2b, recombinant and ribavirin response - Dosage, 
Toxicity/ADR
interferons, peginterferon alfa-2a, peginterferon alfa-2b, and 
ribavirin response - Efficacy
irinotecan response - Other
ivacaftor / lumacaftor response - Efficacy
lamotrigine response - Other
latanoprost response - Efficacy
leucovorin response - Toxicity/ADR
lorazepam response - Other
meperidine response - Dosage
mercaptopurine response - Dosage, Toxicity/ADR
methotrexate response - Dosage, Efficacy, Toxicity/ADR

methotrexate response - Efficacy
mirtazapine response - Efficacy
morphine response - Metabolism/PK
naloxone response - Efficacy
naltrexone response - Metabolism/PK
nicotine response - Efficacy
nicotine response - Efficacy, Toxicity/ADR
nicotine response - Metabolism/PK
nicotine response - Toxicity/ADR
nicotine response - Toxicity/ADR, Metabolism/PK
nortriptyline response - Dosage, Toxicity/ADR
opioids response - Metabolism/PK
oxazepam response - Other
oxycodone response - Dosage
paclitaxel response - Efficacy
paclitaxel response - Efficacy, Toxicity/ADR
paliperidone response - Toxicity/ADR
panitumumab response - Dosage
peginterferon alfa-2a response - Efficacy
peginterferon alfa-2a, peginterferon alfa-2b, and ribavirin 
response - Efficacy
peginterferon alfa-2b response - Toxicity/ADR
pentazocine response - Dosage
phenytoin response - Dosage
platinum response - Toxicity/ADR
pravastatin response - Metabolism/PK
quetiapine response - Toxicity/ADR
ribavirin response - Toxicity/ADR
risperidone response - Efficacy
rituximab response - Efficacy
rosiglitazone response - Dosage
rosuvastatin response - Efficacy
rosuvastatin response - Other
rosuvastatin response - Toxicity/ADR
salmeterol response - Efficacy
selective beta-2-adrenoreceptor agonists response - Efficacy
sildenafil response - Efficacy
sirolimus response - Dosage
sulfonamides, urea derivatives response - Efficacy
tacrolimus response - Dosage
tacrolimus response - Dosage, Metabolism/PK
tacrolimus response - Efficacy
tacrolimus response due to donor genotype - Dosage, 
Metabolism/PK
tamoxifen response - Efficacy, Toxicity/ADR
tenofovir response -
tramadol response - Dosage
tramadol response - Metabolism/PK
triamcinolone response - Efficacy
trimipramine response - Dosage, Toxicity/ADR
venlafaxine response - Efficacy
warfarin response - Efficacy
warfarin response - Toxicity/ADR
ziprasidone response - Toxicity/ADR

PharmGKB – 342 PGx submissions



Overview	of	PGx	Content	in	ClinVar	today
579	assertions	on	337	variants	in	126	genes	from	13	submitters

Submitter Country Submissions Content

PharmGKB USA 342 Many

OMIM USA 74 Many

Laboratory	for	Molecular	Medicine,	Partners	HealthCare	Personalized	Medicine USA 58 EGFR,	KRAS,	CYP2C9,	VKORC1

Albrecht-Kossel-Institute,	Medical	University	Rostock Germany 46 GLA,	Deoxygalactonojirimycin
response

Genetic	Testing	Lab,	Ashok	and	Rita	Patel	Institute	of	Integrated	Study	and	Research	
in	Biotechnology	and	Allied	Sciences India 39 NPHS2,	TRPC6,	

Prednisolone	response

Genetics, Bhagwan Mahavir Medical	Research	Centre India 6 EGFR,	TKI	Inhibitors

Center	for	Pediatric	Genomic	Medicine, Children's	Mercy	Hospital	and	Clinics USA 5 CYP2D6

Institute	of	Microbiology;	University	Hospital	and	Univeristy of	Lausanne Switzerland 3 CY2B6
Efavirenz	response

Center	for	Advanced	Molecular	Diagnostics, Cytogenetics	Laboratory,	Brigham	and	
Women's	Hospital USA 2 RARA

ATRA	response

Center	for	Personalized	Medicine, Roswell	Park	Cancer	Institute USA 1 GFRA2
Pazopanib	response

Neurology	IV	Unit;	Fondazione	Istituto	Neurologico	C. Besta Italy 1 TPMT

Oxford	Haemato-Oncology	Service,	Oxford	University	Hospitals	NHS	Foundation	Trust New	Zealand 1 BRCA2	deletion
PARP	Inhibitor	response

Department	of	Genetics, Osmania	University India 1 VKORC1
Warfarin	dosing
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Update	on	CPIC	submissions	to	ClinVar

• New	excel	template	was	designed	for	CPIC	submissions
▫ Ideally	pulled	by	NCBI	via	API
• CYP2C19	guidelines	is	the	test	case,	and	then	to	submit	the	
guidelines	on	a	gene-by-gene	basis
▫ Submission	included	haplotype	(*	allele)	function	as	defined	by	
CPIC	using	CPIC’s	standardized	nomenclature,	and	HGVS	definition	
▫ Also	includes	all	diplotype combinations	with	metabolizer	status,	
drug	association,	CPIC	guidance	and	recommendation	strength	

Courtesy	of	Teri	Klein	and	Mary	Relling
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