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Applying a PS4 likelihood ratio methodology (LR-Calc) for integrating
enriched case data from national laboratory testing (NHS GLH Laboratories,
Ambry Genetics) into large-scale case-control analyses
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«  For v3.0 of the ACMG/AMP guidelines, case-control data is applied under * Data was combined for 10,820 missense variants from 325,255 cases
PS4 at a ‘strong’ level of evidence. female breast cancer patients and 671,350 controls of Western European
ancestry for five breast cancer susceptibility genes (BRCA1, BRCAZ,
« However, while guantitative methodologies have been developed for other PALB2, ATM, CHEK?2).
evidence criteria to empower their use outside of the standard categorical « A combined log likelihood ratio (LLR) was produced for 5,360 missense
evidence strengths, no such quantitative methodology has been variants.

established for case-control data.

» Under an assumption of standard penetrance for each gene (OR=4 for

. Large-scale unselected case-control datasets for breast cancer and BRCAL and BRCA2, OR=3 for PALB2, and OR22 for ATM and CHEK2):

nationally-collected laboratory datasets enriched for pathogenic variant « 934 variants received evidence towards pathogenicity (LLR=1)
carriers that have never been analysed for variant interpretation are now . 3,791 received evidence towards benignity (LLR<1).
available
Rare missense variants included in final dataset Rare missense variants excluded from final  Total rare
* We have combined datasets across varied ascertainment contexts in a dataset missense
- - - : : ; Evidence No evidence Evidence Single observation ~ 1>OR>target odds
quantltatlve manner USIng novel llkeIIhOOd ratio tOOIS' towards applied towards (cases or controls)  (suspected reduced
pathogenicity benignity (LLR<- penetrance)
(LLR>1) 1)
_ _ UKB 416 527 498 1406 16 2863
Dataset Ascertainment Cases Controls Location Cancer Sex (cases) Ancestry
phenotype CARRIERS 186 180 508 1219 16 2109
UK Unselected 18,487 419,717 UK Breast Female White BRIDGES 278 254 733 2372 15 3652
Biobank Ambry 661 377 2492 3985 15 7530
CARRIERS  Unselected 32,247 32,544 USA Breast Female Non-Hispanic NDRS 128 32 1000 1030 12 2202
White COMBINED 934 635 3791 5444 16 10820
BRIDGES Unselected 42,062 44,035 Europe Breast Female European ‘ '
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Figure 1: Summary of all datasets included in this analysis. ATM| - 3O I A o i
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Using the published PS4-LR-Calc methodology (a flexible methodology for Figure 3: Overview of evidence applied for all 5,360 rare missense variants in the combined dataset. Target
L - - g g g L odds of association was set at OR=4 for BRCA1 and BRCA2, OR=3 for PALB2, and OR=2 for ATM and CHEK2.
qu?mtlfymg case-control ewd_ence e el Ilke“thd .ratlo Ll prespecmed O(.de 3A: Number of variants attaining a combined LLR and variants excluded from analysis per the defined rules (See
ratio thresholds), rules were iterated for combination of unselected and enriched Methods).
Iaboratory datasets: 3B: Per-gene breakdown of LLR (evidence points) in the combined dataset. Each point represents a variant.

Mean and Median LLR applied is given for each gene.
_ _ ) 3C: Per-dataset breakdown of evidence.
 Rule 1: Avariant must be seen in at least two datasets, or more than once in

one dataset. Case-control LLR for variants classified in ClinVar
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maximum tolerated threshold.
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Figure 4: LLR for 350 missense variants classified as either pathogenic, likely pathogenic, likely benign,
or benign with at least one star in ClinVar. Sensitivity = 71.3%, Specificity = 91.7%.

NDRS/ 4.99 4.07 Conclusion

UK Lab . . .
« This analysis forms the largest case-control analysis of female breast
Ambry 2.66 2.51 1.93 2.03 1.83 cancer to date, including novel national datasets never analysed for
variant interpretation before.

« The next steps will be to analyse this large dataset to identify potential

Rule 5: Enriched lab q h red with val | variants of reduced penetrance in high penetrance genes (BRCAL,
ule 5: Enriched laboratory datasets must be paired with equivalent controls BRCA2, PALB2), and high penetrance variants in moderate penetrance

or population data. genes (ATM, CHEK?2)

Figure 2: Enrichment Factors calculated for each gene in the enriched laboratory datasets
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