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Outline
• Review variant and gene classification 
schemes and evolution

• Rate of variant re-classification over 
time

• MyCode reanalysis experience with 
updating gene lists

• Policies regarding reanalysis



Continued Gene Discovery

Bamshad et al, 2022; PMID: 31491408





Gene Disease Validity

Strande & Riggs et al., 2017; PMID: 28552198



McGlaughon et al., 2018; PMID: 30311372

Changes Over Time



Variant Classification Guidelines



Classification Criteria

Strande, et al, 2018; PMID: 29988079



Evolving 
Classification 
Guidelines



Rates of Variant 
Reclassification



12.4% variants

22% participants
Highly dependent on the type 

and date of initial 
classification type

Variable 
Rates

0.6 – 6.4% variants

6.4% variants



Directionality of Changes

Harrison and Rehm, 2019; PMID: 31752965

Mighton et al, 2019; PMID: 31043710



Reanalysis of eMERGE data

Zouk et al, 2022; PMID: 34906510 



Evolving ACMG SF Recommendations
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Experiences from 
Geisinger’s MyCode
Biobank



Geisinger

• Integrated healthcare system in Central 
and Northeast Pennsylvania

• Large, stable population of >3M patients, 
including many multi-generation families

• Longstanding EHR with comprehensive 
clinical data 

• Strong, trusting relationship between 
patients and Geisinger

PENNSYLVANIA



MyCode
Timeline

Adapted from Kelly et al. 2021 Am J Med Genet C PMID:33576083

>3,800

>320,000
1. MyCode Community Health Initiative is a precision 

medicine research project at Geisinger

2. Includes a system-wide biobank designed to store 
blood and other samples for research use by 
Geisinger and Geisinger collaborators



Genomic Screening via MyCode

Research 
exome 
sequence

Variant 
filtration 
and triage 

CLIA 
variant
confirmation

Result 
disclosed to 
participant

Gene Validity
Is gene associated 

with disease?

Clinical 
Utility
Is this 

information 
actionable?

Access 
to Care
Is care 

available 
locally?

Clinical 
Expertise

Are there local 
clinical experts? Secondary Findings

Are there SF 
recommendations? 

Final
Gene
List

Opportunistic Screening



Cancer Cardiovascular
Hereditary breast and ovarian cancer: 
BRCA1/2, PALB2
Lynch syndrome: 
MLH1, MSH2, MSH6, PMS2
Familial Adenomatous Polyposis: APC
Endocrine tumor syndromes: 
6 genes + MAX & TMEM127 for
pheochromocytoma & paragangliomas
+ 10 other cancer conditions

Vasculopathies: 7 genes
Cardiomyopathies 
(HCM, DCM, ARVC):
16 genes + FLNC, TTN for DCM
Inherited arrhythmias: 
4 genes + CASQ2 & TRDN (AR) for CPVT
Familial hypercholesterolemia: APOB, 
LDLR, & PCSK9

Ornithine transcarbamylase deficiency: OTC
Fabry Disease (XL): GLA

Biotinidase deficiency (AR): BTD
Pompe Disease (AR): GAA

Metabolic

Miscellaneous
Malignant hyperthermia: RYR1 & CACNA1S

Wilson disease (AR): ATP7B

Hemochromatosis: HFE C282Y homozygotes

Hereditary Hemorrhagic telangiectasia: 
SMAD4, ACVRL1 & ENG

MODY: HNF1A

Retinopathy (AR): RPE65

Newly Added SF v3.0 Genes



Annotated MyCode® variant database

Filtered list of 
unique variants

Variant Annotations
(VEP, ClinVar, & gnomAD)

MyCode® Variant Screening Filters

Gene level filters

Variant annotation filters

Sequence quality filters

Reportable 
variant list

Manual 
variant review

Aggregated MyCode® exome variantsParticipant 
exome

~145,000

Screening 
Approach
Genes:

Variant annotations:
• Exclude common benign variants
• Predicted molecular consequence
• ClinVar classification and star status

*** Disclaimer: ACMG SF recommendations were not 
intended for population screening ***

Clinical 
Domain

v2.0 
Genes

v3.0 
New 

Genes
Total 

Genes
Cancer: 25 +3 28
Cardio: 29 +4 33
Metabolic: 2 +2 4
Misc: 3 +5 8
Total: 59 +14 73

ACMG SF Lists

Adapted from Kelly et al. 2021 Am J Med Genet C. PMID:33576083

Melissa 
Kelly
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Increase in detection rate with v3.0
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Cancer Cardiovascular
Hereditary breast and ovarian cancer: 
BRCA1/2, PALB2
Lynch syndrome: 
MLH1, MSH2, MSH6, PMS2
Familial Adenomatous Polyposis: APC
Endocrine tumor syndromes: 
6 genes + MAX & TMEM127 for
pheochromocytoma & paragangliomas
+ 10 other cancer conditions

Vasculopathies: 7 genes
Cardiomyopathies 
(HCM, DCM, ARVC):
16 genes + FLNC, TTN, BAG3, DES, 
RBM20, & TNNC1 for DCM
Inherited arrhythmias: 
4 genes + CASQ2 & TRDN (AR) for CPVT
Familial hypercholesterolemia: APOB, 
LDLR, & PCSK9

Ornithine transcarbamylase deficiency: OTC
Fabry Disease (XL): GLA

Biotinidase deficiency (AR): BTD
Pompe Disease (AR): GAA

Metabolic

Miscellaneous
Malignant hyperthermia: RYR1 & CACNA1S

Wilson disease (AR): ATP7B

Hemochromatosis: HFE C282Y homozygotes

Hereditary Hemorrhagic telangiectasia: 
SMAD4, ACVRL1 & ENG

MODY: HNF1A

Retinopathy (AR): RPE65

Hereditary transthyretin amyloidosis: TTR

ACMG SF v3.1 Genes



Policies Regarding 
Reanalysis





ACMG Points to Consider

• Policies needed to address how reanalysis will be handled
• Variant-level reevaluation -interrogation and potential 

reclassification of previously reported variants. 
• Case-level reanalysis - involves the review of all variants in an 

exome or genome, both reported and unreported.

• Respond to external requests for reanalysis

• Reports should clearly state the possibility of variant classification 
changes over time 



Summary

• Evolving list of actionable genes/conditions (v2 
to v3 = 35% increase)

• Frequency of changes in variant classifications 
varies (6.4% – 15%)

• Multiple reasons for reclassifications
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