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Link for download the ACMG Standards and Guidelines
https://www.acmg.net/docs/Standards_Guidelines_for_the_Interpretation_of_Sequence_Variants.pdf

search: “acmg standards and guidelines”

Overview

https://www.acmg.net/docs/Standards_Guidelines_for_the_Interpretation_of_Sequence_Variants.pdf


All 5 classes are linked to clinical recommendations

Goal of IARC: To give actionable clinical recommendations to genetic data

5 classes linked to validated quantitative measures of causality/ pathogenicity

Accurate and consistent variant classification is prerequisite for Dx & Precision Medicine

Why do we need classification systems



Class 5
BRCA1 NM_007294.3 c.5095C>T p.(Arg1699Trp)

ENIGMA classification

Submitter A

Multifactorial 
likelihood: 0,99

Submitter B Submitter C

ACMG
classification

PS3, PM1, PM2, PM5, 
PP1, PP3, PP5

“Lab C”
classification

Absent controls, in 
“RING” domain, 

segregates, …

Why do we need classification systems



Example of pathogenic variant BRCA1 p.Cys61Gly (ClinVar)

ACMG-AMP Classification System

Different Classification Systems

14 submissions / 10 different classification systems



ClinGen promotes formation of gene/ disease
specific Expert Panels (EP)

Expert Panel Classification

https://www.clinicalgenome.org/



https://www.clinicalgenome.org/

Expert Panel Classification



Mother Of All Classification Systems
MOAC



¾ Qualitative evaluation of different data types (28 defined criteria with assigned code)

¾ Each code is assigned a weight (stand-alone, very strong, strong, moderate, or 
supporting) and direction (benign or pathogenic)

¾ Variants then can be assigned in one of 5 classes (IARC 5-tier system)

¾ If not enough lines of evidence are invoked to classify a variant as P, LP, LB, or B, or 
there are valid but contradictory lines of evidence, a variant is interpreted as a VUS

ACMG-AMP Guidelines
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General Considerations:
• for variants in all Mendelian genes (single gene, gene panel, exome, genome or transcriptome) 

• not for somatic, Px, multigenic/complex disorders and not for low/ moderate penetrance variants

• be carefull with candiate genes („genes of uncertain significance“; „GUS“; Aug 2018: OMIM 3.948 genes) 

• the terms „mutation“ and „polymorphism“ should not be used

• instead use „variant“ (pathogenic (5); likely pathogenic (4); uncertain significance (3); likely benign (2); benign (1))

• variants should be reported using the HGVS nomenclature (http://www.hgvs.org/mutnomen)

• to provide flexibility: some criteria listed as one weight can be moved to another weight using professional 

judgment, depending on the evidence collected (multiple observations of a variant in trans with path. variant – PM3 to PS)

„Pathogencity should be determined by the entire body of evidence in 
aggregate, including all cases studied, arriving at a single conclusion“

ACMG-AMP Guidelines

http://www.hgvs.org/mutnomen


What are the requirements?
• Detailed population frequency data (ExAC, 1000G, now gnomAD)
• Clinical databases / LSDB´s
• Thorough literature search (find AND correctly interprete the literature)
• Access to your internal DB (hopefully these data are soon published!)
• Bioinformatic prediction integrated (protein, splice sites)

ACMG-AMP Guidelines



ACMG GUIDELINES

BP2+BS4+BS3

BS1

BP4

PP5??
Allele Frequency is greater than expected for disorder

TP53 p.(Asn235Ser)

• ExAC / ESP MAF  = 0,0002  (= 0,02%)
• Prevalenz Li-Fraumeni: 1:20.000 (= 0,5:10.000) or 0,00005 (= 0,005%)
• highly penetrant and early onset

BS1+BS3+BS4+BP2+BP4 = class 1



ACMG GUIDELINES

PM2

PS3 + PP1

PP3

PP5

PS3+PM2+PP1+PP3 = class 4

PM2+PP3+PP5 = class 3



¾ Choose more than one which are based on different algorithms
¾ Create rule how to use/interpret the results of the predictors (e.g. 3 from 5 must agree; 

one outlier is accepted, etc.)

¾ Difficult to get consensus between labs

ACMG-AMP Guidelines



AUC

ACMG-AMP Guidelines
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ACMG Working Group / SVI
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ACMG Working Group / SVI



¾ PVS1 is a very powerful criteria

¾ PVS1 + PM2 (absent from controls) = class 4 (likely pathogenic)

¾ If criteria is not met (e.g. 3´end of gene, in frame exon skipping) 
PVS1 could not be provoked at all, these variants fall into class 3

ACMG Working Group / SVI



Determination of disease mechanism is critical

ACMG Working Group / SVI



ACMG Working Group / SVI



NMD or not NMD, that is the question …. 

EJC (Exon Junction Complex)

WDR60 NM_018051:c.69G>A p.(Trp23*)PTC in last exon or 55 nucl. of second last exon

ACMG Working Group / SVI
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ACMG Working Group / SVI



¾ BA1 (stand alone) means … class 1

¾ Cumulative evidence suggests that this does not apply to all  
subpopulations

¾ Founder alleles in subpopulations could have higher frequencies

ACMG Working Group / SVI



ACMG Working Group / SVI



Study Description Observed
Concordance

Reasons for
Inconsistency Remarks

Amendola et al. 
Am J Hum Genet 2016

Comparison of concordance of 9 CSER-
labs classifying 99 variants 

34% before and 71% after 
consensus discussion / 
only 5% of differences are
clinically relevant

Correct use of several
ACMG rules was not clear
/  challenging variants

training is necessary for consistent
classification / underscores importance of 
not only having a standardized approach 
to variant assessment but also sharing 
variant interpretations for identifying and 
resolving discordance

Harrison et al.
Genet Med 2017

ClinVar Laboratory comparison and 
consistency assessment

83% initially concordant
87% of discordant
variants could be
resolved

ACMG rules not applied
to ClinVar variants (53%)
Internal data not 
published (33%)
Differences in use/
weighting of data (14%)

Participating laboratories increased their 
overall concordance from 88.3 to 91.7%, 
sharing variant interpretations in ClinVar
is critical to moving toward more 
consistent variant interpretations

Pepin et al.
Genet Med 2016

Comparison and evaluation of consistent
variant classifications (outside labs vs in 
house) in a distinct disease field (COLx)

29% complete, 
29% „moderate“ 
58% not actionable

Lack of reference of the
biology (48%)
Lack of access to
unpublished data (33%)

In diseases with a „special biology“ expert 
knowledge is important for accurate
classification / unpublished data are a 
major source of inconsistent classification

Balmana et al.
J Clin Oncol 2016

ClinVar study comparing variant 
classifications of 603 variants in non-BRCA 
cancer genes

74% concordance
11% clinically relevant

many observed
differences were because
of variants in low-
penetrance genes (RR<2)

Conflicting interpretation of genetic
findings is frequent and may have 
implications for medical management 
decision

Yang et al.
Genet Med 2017

ClinVar search of discordant actionable
classifications, evaluation of reasons for
inconsistencies

96% major consensus
94% complete consensus

Non-clinical lab subm.
Clinical areas differ
Old data points
Literature citations

Recent variant classifications from clinical 
testing laboratories have high overall 
concordance.

Evaluation of inter-laboratory concordance



Border of actionability

InSiGHT: posterior probability of pathogenicity derived by multifactorial likelihood analysis   https://www.insight-group.org/

Are there really large inconsistencies in ClinVar ?

This depends on what you compare …
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Like every new method/ technology the ACMG-AMP classification
guidelines need training and time

Eventually we will get used to it …..

Summary …


