NHS

East Genomic Laboratory Hub

Developing a sustainable national infrastructure for
assessment and management of genomic variation
predisposing tthaematologicainalignancies

Germline variant analysis and leveraging CanVIG/NDRS

James Drummond, Lead Clinical Scientist, CUH, East GLH

Addenbrooke’s Hospital | Rosie Hospital Tb@&thﬁf—-Safe\ Kind |Excellent



Pre-meeting survey: Germline predisposition to haematological

malignancies

61 Responses 39:19 Average time to complete

1. What is your role?

. Consultant Clinical Geneticist 128
. Genetic Counsellor 3
. Clinical Scientist (somatic) 11
. Clinical Scientist (germling) 4
. Clinical Scientist (somatic and ... &
. Consultant Adult Haematologist 9
. Consultant Paediatric Haemat... 0
. Clinical Nurse Specialist 0
. Researcher (scientist) 1
. Researcher (clinical academic) 2
. Fatient representative 5
@ Other 1

18

16

14

12

10

oo

on

=

o

Active status

Genetics in Medicine (2022) wm, 1-13 T
-
Genetics
n - -
Medicine
A !I " ]
ELSEVIER www.joumnals.elsevier.com/genetics-in-medicine

SPECIAL ARTICLE

Standards for the classification of pathogenicity of
somatic variants in cancer (oncogenicity): Joint
recommendations of Clinical Genome Resource
(ClinGen), Cancer Genomics Consortium (CGC), and
Variant Interpretation for Cancer Consortium (VICC)
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ACMG STANDARDS AND GUIDELINES | inMedicine

0 Memerican College of Medical Genetics and Genomics

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology
Sue Richards, PhD', Nazneen Aziz, PhD*'%, Sherri Bale, PhD?, David Bick, MD* Soma Das, PhD?,
Julie Gastier-Foster, PhD%"8, Wayne W. Grody, MD, PhD*"*"", Madhuri Hegde, PhD'?,

Elaine Lyon, PhD", Elaine Spector, PhD™, Karl Voelkerding, MD™ and Heidi L. Rehm, PhD;
on behalf of the ACMG Laboratory Quality Assurance Committee

A Introduced 5 tier classification system:
Pathogenic/Likely Pathogenic/VUS/Likely
benign/Benign

A Systematic classification system based on a
standardised scoring system
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ACGS /Alx

Association for Clinical Genomic Science

ACGS Best Practice Guidelines for Variant Classification in

Rare Disease 2020

Sian Ellard'?, Emma L Baple®®*, Alison Callaway®, lan Berry®, Natalie Forrester’, Clare
Turnbull®, Martina Owens', Diana M Eccles®, Stephen Abbs’, Richard Scott*'”, Zandra C
Deans'’, Tracy Lester', Jo Campbell™, William G Newman'""®, Simon Ramsden and Dominic

1B
J McMullan

Recommendations ratified by ACGS Quality Subcommittee on 4" February 2020

1. Document Version History

Version

Date

Description

4.01

04/02/2020

Updated guidelines to replace 2019 version (previous versions 2017
and 2018)




JI% CanVIG-UK

Cancer Variant Interpretation

CanVIG-UK Consensus o)
Specification for Cancer

Susceptibility Genes (CSGs) of ACGS Best Practice
Guidelines for Variant Classification

Date: 27/01/2022 Version: 2.16

A Garrett!, L Loong', L King'. M Durkie?, J. Drummond®, G.J. Burghel®, R. Robinson®, A
Callaway®’, |. Berry®, A. Wallace?, S. Ellard®, E Baple®, H. Hanson'-#, C.Turnbull-1?

Guidance notes:

Evidence items for which CanVIG-UK has offered additional specification are shaded in
grey. Evidence items are shaded in white where there is no additional specification beyond
ACGS Best Practice Guidelines version 4.01 (04/02/2020).

Gene specific guidance for specific CSGs can be viewed at hifps:/www.cangene-
canvaruk.org/gene-specific-recommendations and should be followed for genes
where these exist. These include CanVIG-UK gene specific guidance and gene specific
guidance from ClinGen Sequence Variant Interpretation (SVI) Working Groups (+/- notes
from CanVIG-UK).

Evidence items can be combined using evidence (exponent) points for evidence towards
pathogenicity (Very Strong= 8, Strong= 4, Moderate= 2, Supporting= 1) or towards benignity
(Strong= -4, Moderate= -2, Supporting= -1). Thresholds: 210 (Pathogenic), 6-9 (Likely
Pathogenic), (-1) — (-5) (Likely Benign), =-6 (Benign). It is recommended that evidence
criteria and evidence (exponent) scores are included on clinical reports.




Position statement

®

OPEN ACCESS

Combining evidence for and against pathogenicity for
variants in cancer susceptibility genes: CanVIG-UK
consensus recommendations

Alice Garrett ® ," Miranda Durkie,” Alison Callaway,** George J Burghel @ °

Rachel Robinson,® James Drummond,” Bethany Torr,' Cankut Cubuk,’ lan R Berry @,
Andrew ) Wallace,” Sian Ellard,® Diana M Eccles @ ,° Marc Tischkowitz,
Helen Hanson,"" Clare Turnbull, "' CanVIG-UK

6

ABSTRACT

Accurate classification of variants in cancer susceptibility
genes (CSGs) is key for correct estimation of cancer

risk and management of patients. Consistency in

the weighting assigned to individual elements of
evidence has been much improved by the American
College of Medical Genetics (ACMG) 2015 framework
for variant classification, UK Assodiation for Clinical
Genomic Scence (UK-ACGS) Best Practice Guidelines
and subsequent Cancer Variant Interpretation Group

UK (CanVIG-UK) consensus specification for CSGs.
However, considerable inconsistency persists regarding
practice in the combination of evidence elements.
CanVIG-UK is a national subspecialist multidisciplinary
network for cancer susceptibility genomic variant
interpretation, comprising clinical scientist and clinical
geneticist representation from each of the 25 diagnostic
laboratories/clinical genetic units across the UK and
Republic of Ireland. Here, we summarise the aggregated
evidence elements and combinations possible within
different variant classification schemata currently
employed for C5Gs (ACMG, UK-ACGS, CanVIG-UK

and ClinGen gene-specific guidance for PTEN, TP53

and CDH1). We present consensus recommendations
from CanVIG-UK regarding (1) consistent scoring for
combinations of evidence elements using a validated
numerical “exponent score’ (2) new combinations of
evidence elements constituting likely pathogenic’ and
'pathogenic’ dassification categories, (3) which evidence
elements can and cannot be used in combination for
specific variant types and (4) classification of variants for
which there are evidence elements for both pathogenicity
and benignity.
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BRCA1/BRCA2: CanVIG-UK Gene-Specific S} conce e | PYSA: Predicted null It is predicted that truncating variants occurring at the 3’ end of
Guidance variant (in a gene where the gene will not undergo NMD. The residues below demarcate
e rion: LOF is a known mechanism the consensus boundary, 3" of which protein truncating variants

Date: 02riaia021 Yersion: 114 of disease) m are not established to result in NMD and/for impairment of

A Garrett!, L Loong', L King', M Durkie?, J. Drummond?®, G.J. Burghel?, R. Robinson®, A functi . .
nction of residual protein.
CallawayS7, |. Berry®, A. Wallace?, S. Ellard®, E Baple®, H. Hanson'?, C.Turnbull’-1?
y v’ P BRCA1 (NM_007294.3): 1855'

BRCA2 (NM_000059.3): 33092

Based on ENIGMA recommendations, as re-initiation sites have
also been shown to result in the loss of important functional
domains in BRCA1 and BRCAZ, it is acceptable to use PVS1 at
a very strong level for variants identified within the first 100bp of
both BRCA1 and BRCA2'.

A number of variants at canonical splice sites are predicted or
known to lead to naturally occurring in-frame RMNA isoforms that
may rescue gene functionality. ENIGMA has compiled the
below list of splice variants for which the variant transcript may
be functional and for some of which PVS1 may not be

applicable.
Gena Region |Bazes
intron 5 c.301+1
(exon 5 donor) c.301+2
intronG c.442-1
(exon 7 acceptor) |o.442-2
. 548-1
. 548-2
£ 593+1
introns 8,9 C.595+2
BRCA1 c.594-1
c.504-2
c B670+1
c.670+2
intron 10 . 4096+1
{exon 10 donor) . 4006+2
intron 11 c_4186-1
{exon 12 acceptor) |c.4186-2
intron12 c.4358-1
(exon 13 accepor) |c.4358-2
c GB42-1
) c 6B42-2
BRCAZ |introni2  BO3T+1
c B937+2

Adapted from ENIGMA, 2017’
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Clinical Domain Working Groups

Myeloid Malignancy Variant Curation Expert Panel

Affiliated to Hereditary Cancer CDWG

The Myeloid Malignancy Variant Curation Expert Panel (MM-VCEP) curates variants in genes associated with inherited
risk for myeloid malignancies. Our panel considers variants in genes that cause life-long thrombocytopenia (e.g.,
RUNXT, ANKRD26, and ETV6) as well as those associated only with cancer risk (e.g., GATA2, DDX41 and CEBPA). The
MM-VICEP has collaborated with ASH, and is currently supported by the National Cancer Institute. We aim to encourage
standardized variant curation, which will improve variant reporting and facilitate optimal treatment of patients and their

families.

View the criteria specifications for this VCEP in ClinGen's Criteria Specification Registry (CSpec).
View all variant classifications approved by this VCEP.

View the ClinVar submitter page for this WVCEP.

Expert Panel Status

Define Group Develop Classification Rules Pilot Rules Expert Panel Approval

Completed Jun. 2018 Completed Jan. 2019 Completed Jul. 2079 Completed Jul. 2019




ClinGen Myeloid Malignancy Expert Panel Specifications to the ACMG/AMP Variant Interpretation Guidelines Version 2

This version specified for the following gene: RUNX1

Expert Panel Page: https://www.clinicalgenome.org/affiliation/50034

RUNX1 hereditary thrombocytopenia and hematologic cancer NM_001754.4 (RUNX1c)
predisposition syndrome, MONDOQ:0011071

Criteria

PVS1

Original ACMG Summary

Mull variant (nonsense, frameshift, canonical +/-1 or 2 splice sites, initiation
codon, single or multi-exon deletion) in a gene where loss of function (LOF)
is a known mechanism of disease.

Caveats

» Beware of genes where LOF is not a known disease mechanism (e.q.
GFAP, MYHT).

* Use caution interpreting LOF variants at the extreme 3" end of a gene.

* Use caution with splice variants that are predicted to lead to exon skipping
but leave the remainder of the protein intact.

* Use caution in the presence of multiple transcripts.

Strength Specifications

Very Strong
Per modified RUNX1 PV51 decision tree for SNVs and CNVs and table of splicing effects.
Modification Type: Gene-specific

Strong
Per modified RUNX1 PV51 decision tree for SNWs and CNVs and table of splicing effects.
Modification Type: Gene-specific, Strength

Moderate
Per modified RUNX1 PV51 decision tree for SNWs and CNVs and table of splicing effects.
Meodification Type: Disease-specific, Strength



RUNX1 PVS1 decision tree for CNVs
RUNXI1 (NC_000021.9)
single or multi-exon deletion
v
. + " Preserves reading frame or impact
Full gene deletion | Disrupts reading frame | H & tra pac | &
| on reading fraine is unknown RUNX1 PVS1 decision tree for SNVs
Role of.regiun in protein |
Truncated/akseced region is foncrion  sninown RUNX1 (NM_001754.4)
protein function + .
LOF variants in this exon Nonsense or Frameshitft
are not frequent in
population and exon is |
present in biologically
relevant transeript * {
‘ v“i“';}']ff;':,}':; <10% Predicted to undergo NMD Mot predicted to undergo NMD
Path. . Follow the same predictions * # !
athogenic under the RUNX1 PVS1 PVS1_Strong PVS1_Moderate . .
Classification decision tree for SNVs Exon is absent from Efrﬂﬂ :'fcl::l'f “rlellteTaz]tl Truncatedfaltered region is
BRUNX] isoform a and b gieaty | eritical to protein function
transcripts
Summary of splicing effects | ! ]
ntron | STAS 12 | Location Predicted or published effects Classification Nonsense: ¢.98-c.916 Nonsense: ¢.917-¢.1440
e.1-c.97 Frameshift (=1): ¢.98-c.758 Frameshift (-1): ¢.75%-c.1440
Donor c.58 Only affect isoform ¢, but not isoform a and b NI Frameshift (+1): ¢.98-¢.779 Frameshift (+1): e.T80-c. 1440
Intron 2
e Acceptor c.59 Only affect isoform ¢, but not isoferm a and b NiA l
Donor car Only affect isoform ¢, but not isoferm aand b NiA
Intron 3 Only affect isoform ¢, but not isoform a and b Ni&
Acceptor co8
If Skip Exon 4 with frameshift on isoform ¢ AND cause nonsensaframeshift on isoform a'b PV‘S'I. P‘VS I_Stmng
Danor .3 Skip Exon 4 with frameshift
ntrond 1 ece 252 Skip Exon 5 with frameshift OR
ptor ¢ Use of Cryptic splice acceptor with a frameshift, PMID: 10508512,

Skip Exon 5 with frameshift OR

R c.508 Usa of Cryptic spiice donor with a frameshift, PMID: 11830488,
Acceptor ¢.509 Skip Exon 6 with In frame A171-205 and G170 (GGG->GGA), deletion in RHD. PVS1_Strong
Danor c.613 Skip Exon 6 with In frame A171-205 and G170 (GGG->GGA), deletion in RHD. PVS1_Strong
fniron @ Acceptor c.B14 Skip Exon T with In frame A206-269 and R205N (AGG->AAT), remove 13% of protein. PVS1_Strong
Donor ¢.B05 Skip Exon 7 with In frame A206-269 and R205N (AGG-=AAT), remove 13% of protein, PVS1_Strong
fniren Accaptor c.B0G Skip Exon B with In frame A270-323 and D269A (GAT->GCG), deletion in TAD. PVS1_Strong
Danor c. 967 Skip Exon & with In frame A270-323 and D269A (GAT->GCG), deletion in TAD. PVS1_Strong
fniron & Acceptor c.968 Likely use of cryptic site, the last exon contains 33% of protein. PVS1_Strong




PP2 Missense variant in a gene that has a low rate of benign missense variation Not Applicable
and where missense variants are a commaon mechanism of disease. The recommended cutoff for PP2 by the SVI is a missense constraint z score of 3.09 which was not
met by RUNX1 (2.46 on ExAC and 2.08 on gnomAD). In addition, there are 9 benign/likely benign
missense RUNX1 variants in ClinVar.



