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| Principles of Prevention

“ALOe V.

i 4w 20G0 0 . « Women at increased risk for breast cancer are not considered
- D patients but healthy women or counselees
asmirws Dreem
Ve 30002
« A comprehensive informed consent taking into consideration
all potential side effects and risks is warranted prior to offering
preventive measures
« Highest priority: _First, do no harm!”
""l'w*""" e (Primum nil nocere)
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= Indication for Genetic Testing of BRCA1/2 Genes

o and Possibly Further Risk Genes?
ﬂ‘ls = [Part 3 of 2~ haevtinng stonding 1o larnlly Natory |
ALY, Oxford LoE:2b GR:B AGO: ++

v 350102 * ot least three women with beeast cancer independent of age or

at least two womaen with breast cancer, one < 50 yrs, (before the $1* birthday) or

at least one woman affected by breast and one by ovarlan cancer or

at least one woman affected by breast and ovarian cancer or

at least two women affected by ovarlan cancer or

at least one woman affected by bilateral breast cancer, first before the 51" birthday
at least one woman affected by breast cancer < 35 yrs. (before the 36" birthday) or
* At heast one man affected by breast cancer and one addtional relative affected by

TP, breast or ovarian cancer

ST T mthuhes arimerie of The Germin Consartium of Hesod Miry Sreast aad Ovarien Cancer (3CMB0C)

IManes Sased on 3 PACALSY mustation prowall N d in 2L 401 farmiies. Al metation carrion should be reglitered in
scheatitc datad 12 valcate o Inchuticn and each oreria | Inchading population bared studet)

Couch FJ, Hart SN, Sharma P, et al. Inherited mutations in 17 breast cancer susceptibility genes among a large triple-negative breast
cancer cohort unselected for family history of breast cancer. J Clin Oncol. 2015;33(4):304-11.

Meindl A, German Consortium for Hereditary B, Ovarian C. Comprehensive analysis of 989 patients with breast or ovarian cancer
provides BRCA1 and BRCA2 mutation profiles and frequencies for the German population. Int J Cancer. 2002;97(4):472-80.

Kast K, Rhiem K, Wappenschmidt B, et al., Prevalence of BRCA1/2 germline mutations in 21.401 families with breast and ovarian
cancer. ] Med Genet 2016;53:465-71.

Manchanda R, Gaba F. Population Based Testing for Primary Prevention: A Systematic Review.Cancers (Basel). 2018 Nov 5;10(11).
Beitsch PD, Whitworth PW, Hughes K. Underdiagnosis of Hereditary Breast Cancer: Are Genetic Testing Guidelines a Tool or an
Obstacle? Journal of Clinical Oncology 2019 37:6, 453-460
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= Indication for Genetic Testing of BRCA1/2 Genes

and Possibly Further Risk Genes?
ﬂ'> (Pt 3 o 3 sevting siiardiog 4 dhiesse)
*AGOS Y. Oxford LoE:2b GR:B AGO: ++
gy *  Other recommended criteria;
ooy *  own disease of triple negative breast cancer < 60 yrs. of age

*  own disease of ovarian cancer
* if therapeutically relevant {e.g. PARPY)

o b geneoas T iedushon criterta of The Gavrman Comsertives of Hero@tary Breast and Ovartan Canter (SCMBOK)

Bared on a BACAL/T rasstion proval 13 @ in 2L A0L familes. AN mwrtasion carvien should be
reglatered in schenfic datab sses, to waildate the inclunion and esciusion criter (nduding population-based
studen)

Couch FJ, Hart SN, Sharma P, et al. Inherited mutations in 17 breast cancer susceptibility genes among a large triple-negative breast
cancer cohort unselected for family history of breast cancer. J Clin Oncol. 2015;33(4):304-11.

Meindl A, German Consortium for Hereditary B, Ovarian C. Comprehensive analysis of 989 patients with breast or ovarian cancer
provides BRCA1 and BRCA2 mutation profiles and frequencies for the German population. Int J Cancer. 2002;97(4):472-80.

Hahnen E, Lederer B, Hauke J et al. Germline Mutation Status, Pathological Complete Response, and Disease-Free Survival in Triple-
Negative Breast Cancer: Secondary Analysis of the GeparSixto Randomized Clinical Trial. JAMA Oncol. 2017 Oct 1;3(10):1378-1385.
doi: 10.1001/jamaoncol.2017.1007. PMID: 28715532; PMCID: PMC5710508.

Harter P, Hauke J, Heitz F, et al. Prevalence of deleterious germline variants in risk genes including BRCA1/2 in consecutive ovarian
cancer patients (AGO-TR1). PLoS One 2017;12:e0186043.

Engel C, Rhiem K, Hahnen E, et al. Prevalence of pathogenic BRCA1/2 germline mutations among 802 women with unilateral triple-
negative breast cancer without family cancer history. BMC Cancer. 2018;18(1):265. Published 2018 Mar 7. doi:10.1186/s12885-018-
4029-y

Litton JK, Hurvitz SA, Mina LA, et al. Talazoparib versus chemotherapy in patients with germline BRCA1/2-mutated HER2-negative
advanced breast cancer: final overall survival results from the EMBRACA trial. Ann Oncol. 2020 Nov;31(11):1526-1535. doi:
10.1016/j.annonc.2020.08.2098. Epub 2020 Aug 20. PMID: 32828825.

Robson M, Im SA, Senkus E, et al. Olaparib for Metastatic Breast Cancer in Patients with a Germline BRCA Mutation N Engl J Med
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2017;377:523-533
8. Manchanda R, Gaba F. Population Based Testing for Primary Prevention: A Systematic Review. Cancers (Basel). 2018 Nov 5;10(11).

Breast Cancer Risk and Prevention



Checklist according to Public Health
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e Insurance Policies (German GKV)
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Kast K, Rhiem K, Wappenschmidt B, et al., Prevalence of BRCA1/2 germline mutations in 21.401 families with breast and ovarian
cancer. J Med Genet 2016;53:465-71.

Rhiem K, Biicker-Nott HJ, Hellmich M, et al. Benchmarking of a checklist for the identification of familial risk for breast and ovarian
cancers in a prospective cohort. Breast J. 2019;25(3):455-460. doi:10.1111/tbj.13257
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=<7 | State of research: Relevance of genetic and

SAATITIA 4
{b non-genetic risk factors
A—
“ALOe ¥ ! Songle porany
e D000 Y
T A \ S —e3- x hgh risk genes (e g 8ACAL, BRCAZ, PALB2) /
\
et | - o Imoderately penetract risk genes
; “—(0.8. CHEK2, BARDS, ATM, RADS 1€, RADS1D) e\
§ low riak varianas / modifiers ; \
R Q“_mll ’/' I N 28
» . e — k|
.'-P_' >v

w  allele frequency (genetic variants) e Voot prresrems ot prew |

e A0 rira 06 |

. Couch FJ, Shimelis H, Hu C, et al. Associations between cancer predisposition testing panel genes and breast cancer JAMA Oncol

2017;3:1190-1196.

. Couch FJ, Nathanson KL, Offit K. Two decades after BRCA: setting paradigms in personalized cancer care and prevention. Science.

2014;343(6178):1466-70.

. Hauke J, Horvath J, GroR E, et al. Gene panel testing of 5589 BRCA1/2-negative index patients with breast cancer in a routine

diagnostic setting: results of the German Consortium for Hereditary Breast and Ovarian Cancer. Cancer Med. 2018 Mar 9. doi:
10.1002/cam4.1376.

Castera L, Harter V, Muller E. et al.: Landscape of pathogenic variations in a panel of 34 genes and cancer risk estimation from 5131
HBOC families. Genetics in Medicine. Genet Med. 2018 Jul 10. doi: 10.1038/s41436-018-0005-9.

. Ghoussaini M, Fletcher O, Michailidou K et al. Genome-wide association analysis identifies three new breast cancer susceptibility loci.

Nat Genet 2012; 44: 312-318

Michailidou K, Hall P, Gonzalez-Neira A et al. Large-scale genotyping identifies 41 new loci associated with breast cancer risk. Nat
Genet 2013; 45: 353-361, 361el1-361e2

Michailidou K, Beesley J, Lindstrom S et al. Genome-wide association analysis of more than 120,000 individuals identifies 15 new
susceptibility loci for breast cancer. Nat Genet 2015; 47: 373-380
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11.

Milne RL, Kuchenbaecker KB, Michailidou K et al. Identification of ten variants associated with risk of estrogen-receptor-negative
breast cancer. Nat Genet 2017; 49: 1767-1778

Michailidou K, Lindstrom S, Dennis J et al. Association analysis identifies 65 new breast cancer risk loci. Nature 2017; 551: 92-94
Fachal L, Aschard H, Beesley J, Barnes DR, Allen J, Kar S, Pooley KA, Dennis J, Michailidou K, Turman C et al: Fine-mapping of 150
breast cancer risk regions identifies 191 likely target genes. Nat Genet 2020.

Dorling L, Carvalho S, Allen J et al. Breast-Cancer Risk Genes — Association Analysis in More than 113,000 Women. NEJM 2021 DOI:
10.1056/NEJM0a1913948
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~=< Genes with Moderate to High Lifetime Risk for

G Breast Cancer
“;X)'oc‘ :
::?bt.c-'v Oxford
AR lE GR AGO

Ve 230002

Cumulative risk for breast cancer
* high: BRCAZL, BRCA2, PALB2 1b A PN

*  moderate: ATM, CHEK2, BARD1, RADSIC, RADSID ib B *

Chmical benefit® of a genetic test

* BRCAL BRCAZ2 1b A -
« PALB2 3a B ¢
e A riva 06 * ATM, BARDI, CHEK2, RADSIC, RADS1D 3a B +/"
: ' * (Mcamy of presrative stegies

* Participation in ronpectwe reghitrien or wudken h highly recorvrended.

. Antoniou AC, Casadei S, Heikkinen T, et al. Breast-cancer risk in families with mutations in PALB2. N Engl J Med. 2014;371(6):497-506.
Buys SS, Sandbach JF, Gammon A, et al. A study of over 35,000 women with breast cancer tested with a 25-gene panel of hereditary
cancer genes. Cancer 2017 May 15;123(10):1721-1730. doi: 10.1002/cncr.30498. Epub 2017 Jan 13

Bick U, Engel C, Krug B, et al. High-risk breast cancer surveillance with MRI: 10-year experience from the German consortium for
hereditary breast and ovarian cancer. Breast Cancer Res Treat. 2019;175(1):217-228. doi:10.1007/s10549-019-05152-9

Couch FJ, Shimelis H, Hu C, et al. Associations between cancer predisposition testing panel genes and breast cancer JAMA Oncol
2017;3:1190-1196.

Couch FJ, Nathanson KL, Offit K. Two decades after BRCA: setting paradigms in personalized cancer care and prevention. Science.
2014;343(6178):1466-70.

Hauke J, Horvath J, GroR E, et al. Gene panel testing of 5589 BRCA1/2-negative index patients with breast cancer in a routine
diagnostic setting: results of the German Consortium for Hereditary Breast and Ovarian Cancer. Cancer Med. 2018 Apr;7(4):1349-
1358. doi: 10.1002/cam4.1376. Epub 2018 Mar 9.

. Shimelis H, LaDuca, Hu C et al.: Triple-negative breast cancer risk genes identified by multigene hereditary cancer panel testing. J Natl
Cancer Inst 2018 Aug 7.doi:10.1093/jnci/djy106.

. Southey MC, Goldgar DE, Winqvist R et al. PALB2, CHEK2 and ATM rare variants and cancer risk: data from COGS. J Med Genet. 2016
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Dec;53(12):800-811. doi: 10.1136/jmedgenet-2016-103839. Epub 2016 Sep 5. PMID: 27595995; PMCID: PMC5200636.

9. Yang X, Song H, Leslie G et al. Ovarian and Breast Cancer Risks Associated With Pathogenic Variants in RAD51C and RAD51D. J Natl
Cancer Inst. 2020 Dec 14;112(12):1242-1250. doi: 10.1093/jnci/djaa030. PMID: 32107557; PMCID: PMC7735771.

10. Yang X, Leslie G, Doroszuk A et al. Cancer Risks Associated With Germline PALB2 Pathogenic Variants: An International Study of 524

Families. J Clin Oncol. 2020 Mar 1;38(7):674-685. doi: 10.1200/JC0.19.01907. Epub 2019 Dec 16. PMID: 31841383; PMCID:
PMC7049229.

11. Dorling L, Carvalho S, Allen J et al. Breast-Cancer Risk Genes — Association Analysis in More than 113,000 Women. January 20, 2021
DOI: 10.1056/NEJM0a1913948

12. https://www.konsortium-familiaerer-brustkrebs.de/konsensusempfehlung/, last accessed 21th January 2021
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~=<| Estimated Cumulative Risk of Breast Cancer
57| with Protein-Truncating Variants in 8 Genes
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WA IS | s 0 CumeAative MRS o Dreast CARCer Tveugh B0 Yars of ApY Ror PRetets Suncaling vrtants e § ganes 1t Aad vigeisnt
TUUI T ] evidence of an sssockation with Seeait cancer oversil, on the bavs of sutimated oddi 1o hom poputation-based studies. Saseline

gy honiets ks were Garived Sorn population incidesces i the Lnited Kingdors i 2016. The | havs indicate 5% confhdence mtarv.
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1. Dorling L, Carvalho S, Allen J et al. Breast-Cancer Risk Genes — Association Analysis in More than 113,000 Women. January 20, 2021
DOI: 10.1056/NEJM0a1913948
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Current Clinical Impact of Further Risk Genes

>

$AGO o.¥ *  Further moderate and lowrisk gone variasts are most lkely trasamitted by an olige- or
e D000 Y Wmn'
e S *  The penetrance of such gones depends om the own and family cancer history,
Seei *  Single lowrisk variants confer oaly semall risk elevations and also seem Lo be associated with
e e specific tumor subtypes. Potestial multiplicative effects that may be relevant for risk

stratification and provition of clinkal prevention strategles remain to be elucidated,
Therefore, analysts of muitiple gene reglons may be of dinlcal refevance in the fsture,

*  *Therefore, penetic testing of moderate and low-risk genes and varkants showld only be
within Ic'::e prospective cohort studies like the German Consortiom for
Hereditary Breast and Ovarlan Cancer (GC-HBOC),

Otord
Lot GR AGO

Chnical genetic testing of moderate-risk genes, ib R .
4. pene panels

* Clinical genetic testing for low-risk varlants (polypenik risk score) n s ot

e GO rirs 0

¢ Rederral o conters of the GC-HBOC of cooperating comters S D

Borde J, Ernst C, Wappenschmidt B et al. Performance of breast cancer polygenic risk scores in 760 female CHEK2 germline mutation
carriers. J Natl Cancer Inst. 2020 Dec 29:djaa203. doi: 10.1093/jnci/djaa203. Epub ahead of print. PMID: 33372680.

Couch FJ, Shimelis H, Hu C, et al. Associations between cancer predisposition testing panel genes and breast cancer JAMA Oncol
2017;3:1190-1196.

Cuzick J, Brentnall AR, Segal C, et al. Impact of a Panel of 88 Single Nucleotide Polymorphisms on the Risk of Breast Cancer in High-
Risk Women: Results From Two Randomized Tamoxifen Prevention Trials. J Clin Oncol. 2016:1C02016698944.

Dunning AM, Michailidou K, Kuchenbaecker KB, et al. Breast cancer risk variants at 6g25 display different phenotype associations and
regulate ESR1, RMND1 and CCDC170. Nat Genet. 2016;48(4):374-86.

Dorling L, Carvalho S, Allen J et al. Breast-Cancer Risk Genes — Association Analysis in More than 113,000 Women. January 20, 2021
DOI: 10.1056/NEJM0a1913948

Hauke J, Horvath J, GroR E, et al. Gene panel testing of 5589 BRCA1/2-negative index patients with breast cancer in a routine
diagnostic setting: results of the German Consortium for Hereditary Breast and Ovarian Cancer. Cancer Med 2018 Apr;7(4):1349-
1358. doi: 10.1002/cam4.1376. Epub 2018 Mar 10.

Mavaddat N, Pharoah PD, Michailidou K, et al. Prediction of breast cancer risk based on profiling with common genetic variants. J
Natl Cancer Inst. 2015;107(5).

Mavaddat N, Michailidou K, Dennis J et al. Polygenic Risk Scores for Prediction of Breast Cancer and Breast Cancer Subtypes. Am J
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Hum Genet. 2019 Jan 3;104(1):21-34. doi: 10.1016/j.ajhg.2018.11.002. Epub 2018 Dec 13. PMID: 30554720; PMCID: PMC6323553.

9. Michailidou K, Beesley J, Lindstrom S, et al. Genome-wide association analysis of more than 120,000 individuals identifies 15 new
susceptibility loci for breast cancer. Nat Genet. 2015;47(4):373-80.
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R s Non BRCA-associated Hereditary Cancer
&g‘"" Syndromes with Increased Risk for Breast Cancer
A
CALO o ¥ Sondsne lo- ]uum
e D000y
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Veade 30002
Condm ruw Lesl o Tl ey -
Hernditary Gfae paatric apnone | (Em) Haradnsry A% u perre comom_ lobvder Fawvs reast tanter
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Toss oghess byribesne iR/ Lo Cobarrand, wnad . N, o lemlate s
(S ALME M2 A, ' ANy d, w3l s CIvach, Pepana bibary,
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di Masi A, Antoccia A. NBS1 Heterozygosity and Cancer Risk. Curr Genomics. 2008;9(4):275-81.

Gao P, Ma N, Li M, et al. Functional variants in NBS1 and cancer risk: evidence from a meta-analysis of 60 publications with 111
individual studies. Mutagenesis. 2013;28(6):683-97.

Meindl A, Hellebrand H, Wiek C, et al. Germline mutations in breast and ovarian cancer pedigrees establish RAD51C as a human
cancer susceptibility gene. Nat Genet. 2010;42(5):410-4.

. Song H, Dicks E, Ramus SJ, et al. Contribution of Germline Mutations in the RAD51B, RAD51C, and RAD51D Genes to Ovarian Cancer

in the Population. J Clin Oncol. 2015;33(26):2901-7.

Goldgar DE, Healey S, Dowty JG, et al. Rare variants in the ATM gene and risk of breast cancer. Breast Cancer Res. 2011;13(4):R73.

Engel C, Loeffler M, Steinke V, et al. Risks of less common cancers in proven mutation carriers with lynch syndrome. J Clin Oncol.

2012;30(35):4409-15.

Hearle N, Schumacher V, Menko FH, et al. Frequency and spectrum of cancers in the Peutz-Jeghers syndrome. Clin Cancer Res.

2006;12(10):3209-15.

. Benusiglio PR, Malka D, Rouleau E, et al. CDH1 germline mutations and the hereditary diffuse gastric and lobular breast cancer
syndrome: a multicentre study. ] Med Genet. 2013;50(7):486-9.

. Tan MH, Mester JL, Ngeow J, et al. Lifetime cancer risks in individuals with germline PTEN mutations. Clin Cancer Res.

2012;18(2):400-7.
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11.

12.

13.

14.

Masciari S, Dillon DA, Rath M, et al. Breast cancer phenotype in women with TP53 germline mutations: a Li-Fraumeni syndrome
consortium effort. Breast Cancer Res Treat. 2012;133(3):1125-30.

Antoniou AC, Casadei S, Heikkinen T, et al. Breast-cancer risk in families with mutations in PALB2. N Engl J Med. 2014;371(6):497-
506.

Weber-Lassalle N, Hauke J, Ramser J, et al. BRIP1 loss-of-function mutations confer high risk for familial ovarian cancer, but not
familial breast cancer. Breast Cancer Res. 2018 Jan 24;20(1):7. doi: 10.1186/s13058-018-0935-9.

Couch FJ et al.: Associations between cancer predisposition testing panel genes and breast cancer. JAMA Oncology 2017, DOI:
10.1001/jamaoncol.2017.042

Hauke J, Horvath J, GroR E, et al. Gene panel testing of 5589 BRCA1/2-negative index patients with breast cancer in a routine
diagnostic setting: results of the German Consortium for Hereditary Breast and Ovarian Cancer. Cancer Med. 2018 Mar 9. doi:
10.1002/cam4.1376.
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Current version of the TruRisk® BC/OC* Gene Panel
by the German Consortium (GC-HBOC)
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&= Distinct Genetically Subtypes

G Defines Distinct Tumor Entities
‘:?Zi_v Distinct genetic subtypes of breast cancer may show distinct clinical features.
AR Prior to the offer risk reducing clinical procedures the following facts and data

i | Should be addressed:

e |5 Age related disease penetrance?

* Typical histopathological features?

®  Sensitivity to current screening modalities?

®  Better survival of early detected tumors?

®  Natural disease course?

*  Response to anti-tumor therapy?

S | Genotype-phenotype-correlations performing
e | D oventive clinical measures s

Pirie A, Guo Q, Kraft P, et al. Common germline polymorphisms associated with breast cancer specific survival. Breast Cancer Res.
2015;17(1):58.

Mulligan AM, Couch FJ, Barrowdale D, et al. Common breast cancer susceptibility alleles are associated with tumour subtypes in
BRCA1 and BRCA2 mutation carriers: results from the Consortium of Investigators of Modifiers of BRCA1/2. Breast Cancer Res.
2011;13(6):R110.

Fasching PA, Pharoah PD, Cox A, et al. The role of genetic breast cancer susceptibility variants as prognostic factors. Hum Mol Genet.
2012;21(17):3926-39.

Broeks A, Schmidt MK, Sherman ME, et al. Low penetrance breast cancer susceptibility loci are associated with specific breast tumor
subtypes: findings from the Breast Cancer Association Consortium. Hum Mol Genet. 2011;20(16):3289-303.

. Weischer M, Nordestgaard BG, Pharoah P, et al. CHEK2*1100delC heterozygosity in women with breast cancer associated with early
death, breast cancer-specific death, and increased risk of a second breast cancer. J Clin Oncol. 2012;30(35):4308-16.
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VUS: Problems and Questions

*ACOLY. « A Varlant of Unknown Significance (VUS IARC class 3) Is a genetic variant
AL with unknown clinical relevance.” (Plon et al. Hum Mutat 2008)

et + Most VUS are gxtremely rare ($3 variants in >80% of families)
+ Classification of sequence variants should be performed according to the
IARC classification system
« Frequency of VUS (IARC class 3) Increases with numbers of tested genes
+ Clinical interpretation and decision making depending on the IARC
classification system is not standardized yet

+ In silico prediction tools (PolyPhen2, SIFT) are not adequate or sufficient
for clinical docision making
w2 rira 0 « Additional analyses are required, e.g. In vitro splicing assay, functional
L assay, segregation analysis, co-occurence analysis, large case / control
studies

Plon SE, Eccles DM, Easton D, et al. Sequence variant classification and reporting: recommendations for improving the interpretation
of cancer susceptibility genetic test results. Human mutation. 2008;29(11):1282-91.

Ernst C, Hahnen E, Engel C, et al. Performance of in silico prediction tools for the classification of rare BRCA1/2 missense variants in
clinical diagnostics. BMC Med Genomics. 2018;11(1):35. Published 2018 Mar 27. doi:10.1186/s12920-018-0353-y
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wr Variant classification proposed by IARC

) (Plon et al., Human Mutation, 2008)

OV ' N Propond Classification System for Sequence

—— ‘ Variants Identified by Genetic Testing

Ssemsw | Class | Discription Probabilty of being
| pathogenic
5 Definitly pathogenic >0,99
4 Likely pathogenic 0,95-0,99
'3 Uncertain 0,05 ~ 0,949
'2 | Likely not pathogenic or of little clinical | 0,001 - 0,049
| significance

wesagootase |1 Not pathogenic or of no dinical <0,001

et | |senihance

Only class 4 and S variants are considered clinically relevant.

Plon SE, Eccles DM, Easton D, et al. Sequence variant classification and reporting: recommendations for improving the interpretation

of cancer susceptibility genetic test results. Human mutation. 2008;29(11):1282-91.
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S Classification of IARC Class 3 Variants

AT

e 2 Requires additional information and analyses, e.g.

ey + Co-occurence data from large data banks

——dt « Segregation analysis

« Functional analysis etc.

+ Data should be pooled in large study groups (e.g. ENIGMA)

Mot class 3 variants can be downgraded to clinically ierelevant classes 1 oc 2 by these analyses.
Few are upgraded to the clinically relevant classes 4 or 5. Any re-evaluation of the IARC class should
be communicated 10 the tested perions (see for example the concept of supervision in contees of

o - the German Consortium/GC-MBOC).

1. Spurdle AB, Healey S, Devereau A, et al. ENIGMA--evidence-based network for the interpretation of germline mutant alleles: an
international initiative to evaluate risk and clinical significance associated with sequence variation in BRCA1 and BRCA2 genes.
Human mutation. 2012;33(1):2-7.
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“<=< 1 Requirements for the Introduction of New
Diagnostic or Predictive Genetic Testing*

‘A0 |« The risk collective is clearly defined by risk criteria.

S=miee |+ The positive predictive value of risk critiera with respect to the

S St identification of the genetic risk factor is known.

« The cut-off values for genetic testing evolved through a transparent
consensus process.

« The genatic test is valide and reliable.

» A spectrum blas Is excluded or defined.

« Adinical prevention strategy exists that leads to early detection or

prevention and mortality reduction of the genetically defined subset of
the disease.

-. AR ,~ * AL 10 The pasition papes on risk-adaied early Getecion of cancer of The German Matonst Cander Pan
el deveioped under the Federsl Minatry of Mealh, o.g. “Privertive Gendugrontk - Holang wnd Nuth der
TEILEIN Gonsnalyne”, Meft 26 des Dewtachen Arrmeblosses vom 29.06 2012, Dexch, Arxtebl 2012 1O A 2172/

1003 / G260

. Schmutzler RK, et al. Risikoadaptierte Friiherkennung, Ein Papier der Unterarbeitsgruppe , Risikoadaptierte Friherkennung der AG1

,Weiterentwicklung der Krebsfriiherkennung” des Nationalen Krebsplans.

http://wwwbmgbundde/fileadmin/dateien/Downloads/N/Nationaler_Krebsplan/Zielepapier_zum_Querschnittsthema_Risiko-

adaptierte_Krebsfrueherkennung.pdf. 2011.

. "Praventive Gendiagnostik - Hoffnung und Fluch der Genanalyse", Heft 26 des Deutschen Arzteblattes vom 29.06.2012; Dtsch.
Arztebl. 2012; 109(26): A-1371 / B-1183 / C-1163),
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~<=< Non-Directive Counseling regarding Preventive
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Measures
Oxford
According to the Genetic Diagnostic Law Wi o ___ANO
According to the Medical Devices Act, S 0

o.g. risk assessment requires professional tralning and expertise
Application of software for risk calculation requires professional training
and experience

Communicate absolute risks within a manageable timeframe
Communicate risk and benefit of 3 multimodal intensive surveillance
program

Communicate risk and benefit of preventive clinical methods
Communicate competing risks, e.g. risk of disease progression in refation to
risk of a secondary primary in women already affected by primary breast
cancer

Allow appropriate time for consideration

Phi XA, Houssami N, Hooning MJ et al., Accuracy of screening women at familial risk of breast cancer without a known gene
mutation.. Eur J of Cancer 2017;85:31-38

Breast Cancer Risk and Prevention

18



e

>

Multimodal Intensive Surveillance Program*

$AGO o.¥ Oxford
— lof GR AGO
o DG N
B *  Program flr BRCA-Carriers
e *  For the detection of early stage cancers n ] -
*  Clisical broast exam » =25 Jahre Semsl-annually
*  Sosography » = 25 Jahre Semi-annually
* Mammogram » » 40 Jahre E-ansually
*  Beeamt MRI » = 25 Jahre Arcwally
*  For improvement of metastasisfree Interval pl . 3 +
*  Survivors after tumors in chidhood and radiotheragy of 2a 3 +
v 2 rive fo thoracic wall (e.g. M, Hodgkin)
LIV * The muttimodsl intensfied earty detection program should be carmied out within e framework of tranaparest

@eaby 2s5atance anvd 200000 Fvainalipn.

. Albert US, Schreer I; Arbeitsgruppe der Stufe-3-Leitlinie Mammarkarzinom. S3 guideline breast cancer: update on early detection,
and mammography screening. Radiologe. 2019 Jan;59(1):13-18. doi: 10.1007/s00117-018-0473-6.

Bick U, Engel C, Krug B, et al. High-risk breast cancer surveillance with MRI: 10-year experience from the German consortium for
hereditary breast and ovarian cancer. Breast Cancer Res Treat. 2019;175(1):217-228. doi:10.1007/s10549-019-05152-9

Ellen Warner: Screening BRCA1 and BRCA2 Mutation Carriers for Breast Cancer. Review. Cancers 2018, 10, 477,
doi:10.3390/cancers10120477

Evans, D.G.; Kesavan, N.; Lim, Y. et al.: MRI breast screening in high-risk women: Cancer detection and survival analysis. Breast Cancer
Res. Treat. 2014, 145: 663-672

Leach MO, Boggis CR, Dixon AK, et al. Screening with magnetic resonance imaging and mammography of a UK population at high
familial risk of breast cancer: a prospective multicentre cohort study (MARIBS). Lancet. 2005;365(9473):1769-78.

Meindl A, Ditsch N, Kast K, et al. Hereditary breast and ovarian cancer: new genes, new treatments, new concepts. Dtsch Arztebl Int.
2011;108(19):323-30.
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m High-risk breast cancer surveillance with MRI

“ALOe V.

- w5250V 30-39 years 40-49 years 250 years

- B 0 ¥ Detection | PPV{X) | Detection | PPV(N] | Detection | PPV (%)
BRCAY 432 294 21.8 255 305 333
BRCA2 22.7 233 243 275 16.3 235
BRCA1/2-non 29 28 74 6.8 109 138
carriers with
hagh risk
POV Pt et ot e

el Agoiva. S Ouetection perbormance of srvmisl souliimadaliny sireening smerds with NI by rish grosey aed age
FORENE P~
::-'u’l“l': B U, Cnged € g B o ol Highoinl brmand damns s weilanen with MO0 L0 your frew e G, Tor barwdbacy Sovast and
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1. Bick U, Engel C, Krug B et al.: German Consortium for Hereditary Breast and Ovarian Cancer (GC-HBOC). High-risk breast cancer

surveillance with MRI: 10-year experience from the German consortium for hereditary breast and ovarian cancer. Breast Cancer Res
Treat. 2019 May;175(1):217-228. doi: 10.1007/s10549-019-05152-9. Epub 2019 Feb 6. PMID: 30725383.
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2. Surveillance Program for Female Carriers of Pathogenic BRCA
ﬂ>' Mutations after Primary Breast Cancer acc. to GC-HBOC *

FAGO e ¥ Oxford
e D000y
- g DG ¥ loE GR AGO
assmirwt Drvem
Vb 35102 * Multimodal Intensive lifelong survelllance program
* For detection of early stage breast cancers 2a 8 ++
*  C(hnical breast exam > = 25 Jahre Semi-ansually
*  Somography > =25 Jahre Semi-annually
* Mammogram > = 40 Jshre Blannually
*  Breast MRI (untd ACR1) > = 25 Jahre Annually
* For mortality reduction (10-year survival) 3a C +/-*

D e e
™ * Foliour up are SNV Dt Garriad oot i part of VRN LPMen] Quaiiny Sirainde and Apeeapriaie evihaition

. Albert US, Schreer I; Arbeitsgruppe der Stufe-3-Leitlinie Mammarkarzinom. S3 guideline breast cancer: update on early detection,
and mammography screening. Radiologe. 2019 Jan;59(1):13-18. doi: 10.1007/s00117-018-0473-6.

Bick U, Engel C, Krug B et al.: German Consortium for Hereditary Breast and Ovarian Cancer (GC-HBOC). High-risk breast cancer

surveillance with MRI: 10-year experience from the German consortium for hereditary breast and ovarian cancer. Breast Cancer Res

Treat. 2019 May;175(1):217-228. doi: 10.1007/s10549-019-05152-9. Epub 2019 Feb 6. PMID: 30725383.

. Carbine NE, Lostumbo L, Wallace J et al.: Risk-reducing mastectomy for the prevention of primary breast cancer. Cochrane Database
Syst Rev. 2018 Apr 5;4:CD002748. Review

. Leach MO, Boggis CR, Dixon AK, et al. Screening with magnetic resonance imaging and mammaography of a UK population at high
familial risk of breast cancer: a prospective multicentre cohort study (MARIBS). Lancet. 2005;365(9473):1769-78.

Meindl A, Ditsch N, Kast K, et al. Hereditary breast and ovarian cancer: new genes, new treatments, new concepts. Dtsch Arztebl Int.

2011;108(19):323-30.
. Yao K et al.: Contralateral prophylactic mastectomy: current perspectives: Int J Womens Health 2016, 8:213-23. doi:
10.2147/1JWH.S82816
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~=< Surveillance for male carriers of pathogenic
Eb BRCA Mutations*

BRCAL mutation carriers have a risk of beeast cancer corresponding to the

- - DOG0 Y general population (about 1%) and an up to 1.8 to 3.75 times higher rivk for

- 0 4 ¥ prostatic cancer </= 65y.

Shings St BRCA 2 mutation carriers have an up to 5-7% lifetime risk for breast cancer and
an up to 2.5 to 8.6 times higher risk for prostatic cancer </= 65y,

Oxford

Currently, no specific surveliance Is recommended

¢ Feoe Breait cancer: 5 D ‘
el examination and watchdud waiting
*  Fer proitate cancer: s D ‘

el Ago-riva 8 Compare German Guideline program

* oo up Care [rervelionie shindd be corriod 0o 28 901 O Upsspatont Quidity msswrance and
spproprlate evalastion.

. Albert US, Schreer I; Arbeitsgruppe der Stufe-3-Leitlinie Mammarkarzinom. S3 guideline breast cancer: update on early detection,
and mammography screening. Radiologe. 2019 Jan;59(1):13-18. doi: 10.1007/s00117-018-0473-6.

. van Asperen CJ, Brohet RM, Meijers-Heijboer EJ, et al. Cancer risks in BRCA2 families: estimates for sites other than breast and ovary.
J Med Genet. 2005;42(9):711-9.

Bancroft EK, Page EC, Castro E, et al. Targeted prostate cancer screening in BRCA1 and BRCA2 mutation carriers: results from the
initial screening round of the IMPACT study. Eur Urol. 2014;66(3):489-99.

Bancroft EK, Eeles RA, authors. Corrigendum to "Targeted Prostate Cancer Screening in BRCA1 and BRCA2 Mutation Carriers: Results
from the Initial Screening Round of the IMPACT Study" [Eur Urol 2014;66:489-99]. Eur Urol. 2015;67(6):e126.

Giri VN et al. Philadelphia Prostate Cancer Consensus Conference 2019. J Clin Oncol 38:2798-2811.

Kote-Jarai Z, Leongamornlert D, Saunders E, et al. BRCA2 is a moderate penetrance gene contributing to young-onset prostate cancer:

implications for genetic testing in prostate cancer patients. Br J Cancer. 2011;105(8):1230-4.

Leongamornlert D, Mahmud N, Tymrakiewicz M, et al. Germline BRCA1 mutations increase prostate cancer risk. Br J Cancer.
2012;106(10):1697-701.

Mikropoulos C, Selkirk CGH, Saya S, et al. Prostate-specific antigen velocity in a prospective prostate cancer screening study of men

with genetic predisposition. Br J Cancer. 2018 Jan;118(2):266-276. doi: 10.1038/bjc.2017.429. Epub 2018 Jan 4. Erratum in: BrJ
Cancer. 2018 Mar 06.
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9. Page EC, Bancroft EK, Brook MN, et al. Interim Results from the IMPACT Study: Evidence for Prostate-specific Antigen Screening in
BRCA2 Mutation Carriers. Eur Urol. 2019;76(6):831-842. d0i:10.1016/j.eururo.2019.08.019

10. S3-Leitlinie Prostatakarzinom (Version 5.1, 2019)
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T Modified Surveillance Program for
BRCA-neg. Women at Moderate to High Risk

ﬂ> or Survivors of Hodgkin Disease
ivende . 08 Rationale:

e + Increased risk of breast cancer after chest irradiation because
Siiinds Bt of Hodgkin lymphoma in childhood (918 years)

+ Increased risk of breast or ovarian cancer in women from BRCA1/2
negative families at risk that is, however, lower than in women from
BRCA1/2 positive families

« Referral to centres of the GC-HBOC or cooperating centres for the
evaluation of structured survelliance and follow-up

e 20t 06 |

Darrington DL, Vose JM. Appropriate surveillance for late complications in patients in remission from Hodgkin lymphoma. Curr
Hematol Malig Rep. 2012;7(3):200-7.

Ibrahim EM, Abouelkhair KM, Kazkaz GA, et al. Risk of second breast cancer in female Hodgkin's lymphoma survivors: a meta-
analysis. BMC Cancer. 2012;12:197.

Meindl A, Ditsch N, Kast K, et al. Hereditary breast and ovarian cancer: new genes, new treatments, new concepts. Dtsch Arztebl Int.
2011;108(19):323-30.

. Veit-Rubin N, Rapiti E, Usel M, et al. Risk, characteristics, and prognosis of breast cancer after Hodgkin's lymphoma. Oncologist.
2012;17(6):783-91.

. Schellong G, Riepenhausen M, Ehlert K, et al. Breast cancer in young women after treatment for Hodgkin's disease during childhood
or adolescence--an observational study with up to 33-year follow-up. Dtsch Arztebl Int. 2014;111(1-2):3-9.
doi:10.3238/arztebl.2014.0003

. Schmutzler RK, Rhiem K, Bick U; German Consortium for Hereditary Breast and Ovarian Cancer. Breast cancer in young women after
treatment for Hodgkin's disease during childhood or adolescence--an observational study with up to 33-year follow-up. Dtsch Arztebl
Int. 2014 Jan 6;111(1-2):3-9. doi: 10.3238/arztebl.2014.0003. PMID: 24565270; PMCID: PM(C3948013.
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Surgical Prevention

el B Oxford
oo loE GR AGO
asmires Sreem
o aonrae * A secondary risk-reducing unilateral or bilateral 2a 8 +*

mastectomy is not indicated without the presence
of clearly defined genetk risk factors because It
does not lead to a reduction Iin mortality,

e A i 06

* Sy PITTDEIN fetivrerended

Kurian AW, Lichtensztajn DY, Keegan TH, et al. Use of and mortality after bilateral mastectomy compared with other surgical
treatments for breast cancer in California, 1998-2011. JAMA. 2014;312(9):902-14.

Copson ER, Maishman TC, Tapper WJ, et al: Germline BRCA mutation and outcome in young-onset breast cancer (POSH): a
prospective cohort study. Lancet Oncol 2018, DOI: http://dx.doi.org/10.1016/51470-2045(17)30891-4.
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N = o Surgical Prevention for Healthy

ib Female BRCA1/2 Mutation Carriers
2 “;" < Oxford
:“E:ov loE GR AGO
Sty S * Risk-reducing bilateral salpingo-ocophorectomy 2a B
(RR-8S0)**
*  Reduces OvGa incldence and mortality -
*  Reduces overall mortality "

* Risk-reducing bilateral mastectomy (RR-BM)
Reduces BC Incidence 2b B +*
*  Reduces BC mortality In BRCAI metation carmlers®** 2b ] +*

i M riva 06 *  study participation recomemended
st SRR A0 B rechmmveaded Som about 15 peies for BRCAT a0l romn S 80 years e BRCAL manation
CMThon, 1aking W00 2000w T ape o Ovarias Candty BRagrosis W The famiy ared the tawidly pladsing states
A5 NO reBation |8 mortaity Couid Be shinn for BRCAD martathon Gasriers, BRM couraeiling 1hould be Individeitied

Domchek SM, Friebel TM, Neuhausen SL, et al. Mortality after bilateral salpingo-oophorectomy in BRCA1 and BRCA2 mutation
carriers: a prospective cohort study. Lancet Oncol. 2006;7(3):223-9.

Domchek SM, Friebel TM, Singer CF, et al. Association of risk-reducing surgery in BRCA1 or BRCA2 mutation carriers with cancer risk
and mortality. JAMA. 2010;304(9):967-75.

Heemskerk-Gerritsen BAM, Seynaeve C, van Asperen CJ, et al.: Breast Cancer Risk After Salpingo-Oophorectomy in Healthy BRCA1/2
Mutation Carriers: Revisiting the Evidence for Risk Reduction. JNCI J Natl Cancer Inst (2015) 107(5): djv033

Heemskerk-Gerritsen BAM, Jager A, Koppert LB et al: Survival after bilateral risk-reducing mastectomy in healthy BRCA1 and BRCA2

mutation carriers. Breast Cancer Res Treat 2019, 177(3):723-733.

Hoogerbrugge N, Bult P, Bonenkamp JJ, et al. Numerous high-risk epithelial lesions in familial breast cancer. Eur J Cancer.

2006;42(15):2492-8.

. Kauff ND, Satagopan JM, Robson ME, et al. Risk-reducing salpingo-oophorectomy in women with a BRCA1 or BRCA2 mutation. N Engl
J Med. 2002;346(21):1609-15.

Kotsopoulos J, Huzarski T, Gronwald J, et al: Hereditary Breast Cancer Clinical Study Group. Bilateral Oophorectomy and Breast Cancer

Risk in BRCA1 and BRCA2 Mutation Carriers. J Natl Cancer Inst. 2016 Sep 6;109(1). doi: 10.1093/jnci/djw177. Print 2017 Jan.

Lostumbo L, Carbine NE, Wallace J. Prophylactic mastectomy for the prevention of breast cancer. Cochrane Database Syst Rev.
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2010(11):CD002748.

Mavaddat N, Antoniou AC, Mooij TM et al: Risk-reducing salpingo-oophorectomy, natural menopause, and breast cancer risk: an
international prospective cohort of BRCA1 and BRCA2 mutation carriers. Breast Cancer Res 2020, 22(1):8.

Meijers-Heijboer H, van Geel B, van Putten WL, et al. Breast cancer after prophylactic bilateral mastectomy in women with a BRCA1
or BRCA2 mutation. N Engl J Med. 2001;345(3):159-64.

Rebbeck TR, Friebel T, Lynch HAT, et al. Bilateral prophylactic mastectomy reduces breast cancer risk in BRCA1 and BRCA2 mutation
carriers: the PROSE Study Group. J Clin Oncol. 2004;22(6):1055-62.

Rebbeck TR, Lynch HT, Neuhausen SL, et al. Prophylactic oophorectomy in carriers of BRCA1 or BRCA2 mutations. N Engl J Med.
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. Xiao YL, Wang K, Liu Q, Li J, Zhang X, Li HY. Risk Reduction and Survival Benefit of Risk-Reducing Salpingo-oophorectomy in Hereditary

Breast Cancer: Meta-analysis and Systematic Review. Clin Breast Cancer. 2019 Feb;19(1):e48-e65. doi: 10.1016/j.clbc.2018.09.011.
Epub 2018 Oct 4. PMID: 30470623.
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~=< Risk-reducing Interventions for BRCA1/2 Female
ﬂg“'" Mutation Carriers Affected by Breast Cancer
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Reducm sversll montsiny
(oardradu oy revads cogarding codatan ol tentreieter sl 30 widervr)
*  Prophylactic contralateral madtectomy (RR-CM)* 2b 8 L
Redhoim B0 nOdente and sy
*  Tamoxifen (reduces contralateral 3C incidence) b n L
*  Indication for RR-CM should consider age at onset of Sest breast 2o s "
cancer in alfecied gene

P ¢ RREM after ovarian canter B C o)
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2013;119:1344-8.
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Ovarian Cancer in BRCA Mutation Carriers. Am Surg. 2020 Oct;86(10):1243-1247. doi: 10.1177/0003134820964208. Epub 2020 Oct
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~=<  Therapy of Germline mutation-associated

ﬂ» Breast Cancer
'., —
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"ok D000y
el Limited prospective cohert studies with lE GR AGO
AR short follow-up time
Vesie 3000
*  Breast conserving surgery: adequate local tumor control 2a B +
(*10 years observation)
= Systemic therapy according to sporadic breast cancer 32 8 +
*  gEBRCA mutation status is predictive for chemotherapy 2b ] +
responte in TNBC
* Carboplatin (vs. Docetaxed) in metastatic breast cancer 2b 3 *
* PARP inhibitor in metastatic breast cancer
e A e 6 + BRCAL/2 1% ] .
41 VP PALB2 b B e

Breast-conserving therapy in BRCA1/2 mutation carriers
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