Integration of functional data to classify BRCA1/2
missense variants: an ENIGMA project
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RESULTS

INTRODUCTION

The success of precision cancer medicine is predicated on the accurate discrimination between benign and pathogenic germline alleles in susceptibility genes. Variants of uncer-
tain clinical significance (VUS) pose a significant challenge in cancer risk assessment. Functional data derived from validated functional assays have become an important re-
source to assess the pathogenicity of VUS. We developed a cloud-based environment to integrate and analyze all published functional data for BRCA2 missense VUS according
to the American College of Medical Genetics and Genomics/Association for Molecular Pathology (ACMG/AMP) classification framework”.
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We expect that functional data will be critical for the classification of rare variants. Previously, we compiled all functional data for missense variants in BRCA12. The ENIGMA (Ev-
idence-based Network for the Interpretation of Germline Mutant Alleles) consortium has been working on updating the BRCA1 database and expanding the database of function-

al assays for BRCA2 missense variants.

METHOD

ENIGMA ClinVar

Multifactorial statistical At least one ClinVar
model gold star

5-tier classification : A .
Class 1: Benign Benign ;gggBBRgéifua”ncé'ona' tracks  fynctional impact], [1 = intermediate impact], and [2 = functional ;
Class 2: Likely Benign Likely Benign 2840 BRCA? variants impact]. For BRCA1, we updated our previous published integra- ; N .

Class 3: Uncertain
Class 4: Likely pathogenic
Class 5: Pathogenic

Likely pathogenic
Pathogenic

Data harmonization:

convert classification into

[0] = ‘likely benign/benign’

[1] = ‘intermediate’

[2] = ‘likely pathogenic/pathogenic’

542 BRCA1 and 392 BRCA2 O
reference variants

54 BRCA1 and 30
BRCAZ2 publications

186 BRCA1 and

Data harmonization:
convert assay readout into
[0] = “functionally normal’
[1] = ‘intermediate’
[2] = “functionally abnormal’

‘ Calculate
Odds of Pathogenicity

O

BS3/PS3 supporting, moderate,
strong, very strong

Our approach involved selecting published articles reporting func-
tional analyses of BRCA1/2 missense variants to assess their
iImpact on various biochemical and cell biological assays. Func-
tional results were harmonized using original authors' thresholds
and classifications, then converted to ordinal variables: [0 = no

tion? with 14 additional articles. We integrated results from 53 indi-
vidual instances of functional assays reporting functional data on
3,239 unique missense variants. For BRCA2, 28 published articles
were identified reporting data from 141 individual instances of
functional assays on 2,840 unique missense variants.

Utilizing a panel of 542 and 396 known reference variants for
BRCA1 and BRCAZ2, respectively, we determined the sensitivity,
specificity, and ACMG/AMP odds of pathogenicity for each individ-
ual instance of the assay. Variants were assigned ACMG/AMP cri-
teria based on the level of evidence?.

BRCA2 - ASSAY ASSIGNED ACMG/AMP
BS3 CRITERIA

EBS3 MWBS3_moderate M BS3_supporting Indeterminate

BRCA2 - ASSAY ASSIGNED ACMG/AMP
PS3 CRITERIA

EMPS3 WPS3 _moderate M PS3_supporting Indeterminate

Figure 1 - Distribution of ACMG/AMP criteria assignments for BRCA1 (186 assays)
and BRCA2 (146 assays) datasets. a) Percentage of assays assigned PS3 criteria in
BRCA1 dataset. b) Percentage of assays assigned BS3 criteria in BRCA1 dataset. c)
Percentage of assays assigned PS3 criteria in BRCAZ2 dataset. d) Percentage of assays
assigned BS3 criteria in BRCAZ2 dataset.

2555
Snagdggore A d AN NI NS0T 5008

TETT
wn
2pka
&
rir] S~ =T g SINSS
S e ey R PR e R e B 2 SIS S S A AN

SPeT
a2
ECEER L

-
]
=55
oo
g5
-

=t

100.0 -
_ S
90.0 - 5 P N
& N ¥ DN
80.0 N N I 3
' & J s £8§88 s
J ¥ ¢ S&LE &
70.0 -~ ¥ N S IET Y v
o8 5 oSS E N
CONCLUSION § &3 2 FPo 2 Y 23
60.0 v S oy ¥ Qv S FS o5 v
’ > ¢ N A S ST I KRy INUEN
$ 5 &8 & S §5EFEEE 8
. . . o . . . . . o ) v N 2 o A2 SN T @
Our study successfully derived unambiguous evidence criteria from functional data for 2,463 BRCA1 and 2,326 BRCA2 missense variants, excluding discordant results that could 50.0 (g/“ & Q,QO%@ qé}/ §§° ,§’ (§7 K g § & @ §§ g\&?
not be assigned a functional code. This work underscores the potency of functional data in resolving the majority of BRCA1 and BRCA2 VUS. 40.0 §° f $@° S ~ A g)z?‘ > § ,gf’ 5 ‘§ 5o 8 °§® S
o) QY X ~ N & & < <
. §g®$§’§\&$®f@w §<’b‘°’§§)§&&&§ o‘;;é,\éo
S RS TIHKIIT L IS S ST SFIIPPIX TR
30.0 I O VaoQg &0 0 @ > .0 > o O)b S A AL 6\' 5
- E SASIIITEFES § SIS TS
> R < : : > S O O 9 S : .
REFERENCES 20.0 \,g,o §@é ;@’D $ o ¢ éé\é? Q*q’ g?‘ ACMG & Multifactorial Class \f{f? %"? Y‘b éQQr? Qrz‘i’ Qfé” f{;’@ 5’ §° ql; ACMG & Multifactorial Class
. ao .5’ § \'z? f §’ Q\@ § §o’ \,;’9 < @ Benign/Likely benign ab & § & %’ ,§' ,%' %\;O 5’ g kq?' @ Benign/Likely benign
10.0 Q,§ @32“ §\°.§,§° 80 @@ @0 g Oézig% @ Pathogenic/Likely pathogenic Qr§ ézz,’ é,? ‘5’},’&#&&’&&“ ,éJ §° 8\@ ,S @ Pathogenic/Likely pathogenic
1 — Richards, et al. Genetics in medicine. vol. 17,5 (2015): 405-24; 8 — Starita, et al. Genetics. 2015 Jun;200(2):413-22. 15 — Erwood, et al. Nat Biotechnol . 2022 Jun;40(6):885-895. ) & & é,;,b §§ § D §, § 5 & Hypomorph & ~,o'° & ‘,‘50 S 9 @ %A \& K oé’ Hypomorph
2 — Lyra, et al. Genetics in medicine. vol. 23,2 (2021): 306-315; 9 — Bouwman, et al. Clin Cancer Res. 2022 Oct 14;28(20):4588. 16 — Huang, et al. Genome Biol . 2021 Mar 10;22(1):80. :§ § § o (5? fS § < £ § ,é} ,D@ (5 0& N G? § § § %O RO g
3 — Brnich, et al. Genome medicine. vol. 12,1 (2019). 10 — Clark, et al. Am J Hum Genet. 2022 Jun 2;109(6):1153-1174. 17 — Couch, et al. Am J Hum Genet . 2024 Mar 7;111(3):584-593. 0.0 xé\ 3 <i°o §/¢§§ § ry & $G g g A,g 53 &é 4"%@ § § §'§ § (;QQQ
4 — Lee, et al. Cancer Res. 2010 Jun 15;70(12):4880-90. 11 — Adamovich, et al. Am J Hum Genet. 2022 Apr 7;109(4):618-630. BRCA1 BRCA?2 | <|l‘ C Q|> 4<|/ ~2|‘ S S | <|z~ ST 0 TS ol, el |
5 — Starita, et al. Genetics. 2015 Jun;200(2):413-22. 12 — Diabate, et al. PLoS Genet. 2023 Aug 14;19(8). 1 9 3 4 56 7 8 9 10 12 12 3 4 56 7 8 9 10
6 — Nepomuceno, et al. HGG Adv. 2023 Sep 16;4(4):100240. 13 — Biswas, et al. NPJ Genom Med . 2020 Dec 8;5(1):52. N . . o 1 o LU
7 — Findlay, et al. Nature. 2018 Oct;562(7726):217-222. 14 — lkegami, et al. Nat Commun . 2020 May 22;11(1):2573. Not classified = Discordant M BS3 BS3 moderate BS3 supporting M PS3 P ® 0000000 0 00 P- @ 0000000 0 00

Figure 2 - Comparison of evidence criteria assignment for all variants tested.
Graphs show the fraction of each evidence criteria variant assigned under the two data-
sets (BRCA1 and BRCAZ2).

Figure 3 - Hi-set classification for BRCA1 and BRCAZ2. lllustration of 10 selected tracks, which assign hundreds of variants with ACMG/AMP classification for BRCA1 and BRCAZ2.
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