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Hereditary breast cancer

« What is a cancer predisposing gene ?

* |s this patient a BRCA1-2 mutation carrier ?
 The SAKK (Swiss) criteria

« Some examples of pedigree



Genetics In Senology
early breast cancer (unicentric)

 What Is a cancer predisposing gene ?

* |s this patient a BRCA1-2 mutation carrier ?
 The SAKK (Swiss) criteria

« Some examples of pedigree



The case of retinoblastoma
The second hit hypothesis (Knudson)

Knudson’s Two-Hit Hypothesis

Hereditary Sporadic

me 00 &0 e &

Multiple tumours, bilateral, early onset. Single tumours, unilateral, late onset

Mechanism of Tumour Suppressor Gene Inactivation

Inherited

Inherited ; i i i i

mutation

Deletion — * i I i <|>47 Sporafdlc
mutation

Knudson — PNAS 1971; 68:820



Ovarian cancer is Germline CDH1

observed in Germline mutations identified Germline CHEK?2
Hereditary families with mutations in in a family with €.1100delC mutation
breast The introduction pathogenic MLH1 Identification PTEN linked hereditary diffuse identified as low-
cancer first of DNA Sanger and MSH2 germline of the BRCA2 ’ to Cowden gastric and lobular penetrant breast cancer
reported! sequencing™® mutations®®? gene* syndrome? breast cancer'™ susceptibility allele®®
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BRCA1- and Moderately increased breast First report of Germline RAD51D predispose '
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Nielsen — Nature reviews cancer 2016:16,599



Breast and ovarian cancer risk associated with
established and emerging HBOC predisposing genes

Gene Breast cancer estimated lifetime Owvarian cancer estimated Refs . |
risk (age in years) lifetime risk (age in years) By rlsk I Rare to very rare,
high-risk allel
ATM 60% by age 80 Unknown 38 fimvl‘l; sl?ld(u:s\
TP53
BARD1 Unknown Low or none 37 BRCAT "\
BLM Unknown Low or none 30 oo Z 'j:, BRCA: \\ Do not exist
BRCA1 57-65% by age 70 39-44% by age 70 5-7 " eTr11 Rare, moderate-\
risk alleles
BRCAZ 45-55% by age 70 11-18% by age 70 5-7 “ Re:eqm'm'mg \\\
& 20 BRIPL ATM o S
BRIP1 OR:<2.0 ~6% by age 80 37,64.65 2 PALB2 CHEK: T
= Common, low-risk alleles ~~~_
CDH1 42% by age 80 Low or none 180 e Genomewide association studies
CHEK2 37% by age 70 Unknown 210 s 59 FGFR2
FAM175A Unknown Unknown - MAP3K1 .
114 Too hard to find 5p  ANAPD,

FANCC Unknown Unknown - ‘
FANCM Unknown Unknown - 0.1 10 10.0 300
MLH1 ~19%byage 70 20% by age 70 90,92 Minor Allele Frequency (%)
MRE11 Unknown Unknown - B functl'on
MS5H2 ~11%byage 70 24% by age 70 90,92 y

ion repair b Replication fork stability
NBN OR:3.0 Low or none 34,3537 Dosbie- d Pomerseteicse i
NF1 6.5-fold increase in women aged 30-39  Unknown 186 e Helicase ,i’

v
PALBZ 35% by age 70 Low or none 37,211 sty @ .
PMS2 SIR:3.8 SIR: 12.0 93 { ™~
PTEN 85% by age 70 Low or none 190,212 icrion 4 "o
RADS1B Unknown Low or none 56 "
RAD51C Unknown 9% by age 80 213 e
RADS1D Unknown OR:12 56
€ DNA mismatch repair d DNA damage checkpoint control
RECQL Unknown Unknown - — G - 1
mispair ——— ——— damage

RINT1 Unknown Unknown - 1 }
STK11 32% by age 60 Gynaecological*: 13% by age 60 199 Mmacn |
TP53 25% by age 70 Unknown 214 @

Nielsen — Nature reviews cancer 2016:16,599



Genome stability pathways and genes in

| By function |

| Genome stability pathways (> 90% of the genes) |

HBOC (and Lynch syndromes)
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The breast cancer
predisposing genes

ative Risk

Rare to very rare,
high-risk alleles
Family studies

TP53

PTEN

10.04 CDH1
STK11
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Very rare 1:10° — 106 I

1.1

RCA1 15-18% of all ovarian cancers
BRCA? 15-20% of all familial breast cancer
Rare, moderate-
risk alleles
Resequencing
BRIP1 ATM
PALBZ2 CHEK?Z

Rare 1:800

3-5% of all breast cancers

Common, low-risk alleles
Genomewide association studies
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Foulkes - N Engl J Med 2008;359:2143-53.



Genetics In Senology
early breast cancer (unicentric)

 What Is a cancer predisposing gene ?

* |s this patient a BRCA1-2 mutation carrier ?
 The SAKK (Swiss) criteria

« Some examples of pedigree



Swiss guidelines for counselling and testing
Genetic predisposition to breast and ovarian cancer

|A new version is on a working process... |

Genetic predisposition to breast
and ovarian cancer

Piarre 0. Chappuis®, Barbara Bolliger®, Nicole Buarki®', Katharina Buser®, Karl Heinimann®', Christian Monnerat”,
Rudolf Morant®®, Olivia Pagani®, Lucien Perey”, Manuela Rabaglio!, Sheila Unger®", on behalf of the Swiss
Group for Clinical Cancer Research [SAKK) Network for Cancer Predisposition Testing and Counseling

Dini=ion of Oncalagy and Diwision of Ganetic Madicme, University Haospitals of Geneva, CH-1205 Geneva; ® Tumor- und Brusizentrum ZeTuF

CH-B00E 51. Gallen: * Division of Gynacalagic Oncology, Univarsity Hospital Basel, CH-4065 Basal; ® Sonnenhad Klimik Engeried, CH-3012 Bem
D M oY dical Genet J ty H Gas 031 B Divisio Crnicology dpiia ra-Delémont, CH-ZB00 Delamont
ZeTuP, Rap Jana, Ci 0 Mg ag ltalian peda ]
E500 ana; ' Divis (] agy, Hopital de Mornge [ Or v, LU
0B Oiwisian af bad et iu I ]
ors cond i = |

These guidelines have been approved by the SAKK Breast Cancer Project Group
and the Gynecological Cancers Working Group. This document reflects clinical and
scientific advances as of the date of publication and is subject to change.



Swiss guidelines for counselling and testing
Genetic predisposition to breast and ovarian cancer
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Swiss guidelines for counselling and testing
Genetic predisposition to breast and ovarian cancer

| BRCA1 - c.4612C>T /p.GIn1538X | |
/@ @ | Résuttat = muté
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| Test all relatives (male also) |




Swiss guidelines for counselling and testing
Genetic predisposition to breast and ovarian cancer

« See pedigrees next slide



Swiss guidelines for counselling and testing
Genetic predisposition to breast and ovarian cancer
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Swiss guidelines for counselling and testing
Genetic predisposition to breast and ovarian cancer

Or any ovarian cancer in the pedigree




Ovarian cancer predisposing genes
next generation sequencing

TP53
RAD51C| | Proof of concept ! |
RADS50 |
PALBZ «
0.39 |Germ|ine mutations: 24% |
MRE11
CHEK2 \ 85 germline mutations
12 genes identified
RRIP1 24% of all ovarian cancers

BARD1 >30% with familial history

>35% at age < 65.

|BRCA1 -2 = 18% |

| <BRCA 3» = 6% |

Walsch - PNAS 2011; 108: 18032



Swiss guidelines for counselling and testing
Genetic predisposition to breast and ovarian cancer

About 20% of male breast cancer are related to a BRCA mutation
(most of them BRCA2)




Swiss guidelines for counselling and testing
Genetic predisposition to breast and ovarian cancer

Or some other founder mutations... But notin CH. ..

Die 26 Kantone und Hauptorte der Schwelr
Les 26 cantons et chefs-Beux de la Suisse

......................

GV Nervars e covti | Mne o comtas
SPECIAL ARTICLE WILEY &5 , o
o - 13
Mutational spectrum in a worldwide study of 29,700 families =" . N 2o
. . 1 & B - o o
with BRCA1 or BRCA2 mutations i : Y3
Europe Austria 391 115 c.181T > G(51) c.5266dup(46) €.3018_3021del(35) 16 Avtmerstives ot -
Belgium 166 41 €.235%dup(40) c212+3A > G(26) C.3661G>T(12) : 2 > ._- - L ' - )
- .
Bosnia 1 1 c.4158_4162del(1) : ' ‘ s : v
Czech Rep 208 42 c.5266dup(87) c.3700_3704del(25) 1817 = G(20) . . 2
Denmark 667 101 c.2475del(91) c.3319G > T(81) ©.5266dup(41) . ) - ¥ S
Finland 57 31 c.3485del(8) cA097-2A = G (5) € 5266dupl(4)
France 1,522 418 c.5266dup(118) c.3481_3491del(70) c.68_69del(63) [w———
Germany 2,287 381 c.5266dup(411) c.181T > G(196) c.4689C > G(63) )
Greece 208 41 c.5266dup(47) c.5212G > A(29) c.5406+644 *8273del(24) &~ 7
Hungary 235 47 c.5266dup(78) c.181T > G(50) c.68_69del(22)
Iceland 3 1 c.5074G > A(3)
Ireland 2 2 c.547+1G > T(1) c427G>T(1)
~
v

Rebbeck — The CIMBA consortium - Human Mutation. 2018;1-28.



Swiss guidelines for counselling and testing
Genetic predisposition to breast and ovarian cancer

E.G : all patients with cancer are dead...




Swiss guidelines for counselling and testing
Genetic predisposition to breast and ovarian cancer

® Test needed for the
@ Parental Gamete @ PARPi therapy

Genetic somatic
testing in the tumor

/s not « limited by
the insurances !
WOMAN
Confirmatory genetic
germline testing is
required for the
‘ ‘ WOMAN'’s GAMETES “ genetic counseling

Germline Mutation Somatic Mutation

ES09-01 — SABCS 2019



Genetics In Senology
early breast cancer (unicentric)

 What Is a cancer predisposing gene ?

* |s this patient a BRCA1-2 mutation carrier ?
 The SAKK (Swiss) criteria

« Some examples of pedigree



Some pedigrees to discuss
a germline mutation is known

 The « cascade » screening...how « wide » ?

_ é/ | BRCAL c.3481_3491del (p.Glul161PhefsX3) |
79 74

oesophage | infarctus




Some pedigrees to discuss

a germline mutation is known
The « cascade » screening...be « obstinate »

| BRCAL c.3481_3491del (p.Glul161PhefsX3) |
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Some pedigrees to discuss
a germline variant is known...

39 years old patient with a lump in the left breast in 2009

Carcinome canalaire invasif du sein droit, cT2, pNO (0/3) sn cM0G3, ER négatif, PR
negatif, HER2 négatif. ypTO, 1 diagnostic : 05/09

04.06.2009 : excision de 3 ganglions sentinelles indemnes de tumeur. pNO

06/09 — 09/09 : 6 cures de chimiothérapie néoadjuvante par schéma TAC (Taxotere,
Adriamycin, cyclophosphamide) avec rémission pathologique compleéte.

29.10.2009 : quadrantectomie du sein droit. Histologie pathologie Béle : tissu mammaire sans
tumeur, ypTO.

01-02/10 : radiothérapie adjuvante du sein droit avec 50 Gy et 16 Gy de boost.

Examen oncogénetique en 2011
Pas de mutation pathogéne BRCA1 1 ou 2,

Mise en évidence de variant BRCA1 5309 G>C / p.Gly1770Ala.

I No prophylactic surgeries I




Some pedigrees to discuss
a germline variant is known...

The same yet 50 years old patient with a lump in the left breast in 2020
Récidive d’un carcinome canalaire invasif du sein droit cT1, cNO, cMO, triple négatif.

Des 29.11.19 : chimiothérapie néoadjuvante par Taxotéere 75 mg/m? et Carboplatine AUC 6,
toutes les trois semaines pour 6 cures.

2eme consultation oncogénétique.

What about this BRCA1 variant 5309 G>C / p.Gly1770Ala ?




Some pedigrees to discuss
a germline variant is known...

« The same yet 50 years old patient with a lump in the left breast in 2020

2eme consultation oncogénétique. e e

pathogenic ten years later

1
FESOBY 00 B

S

prophylactic (breast and
ovaries) surgeries

now recommended

L e e e e e s |




Some pedigrees to discuss
a somatic mutation is known

« Carcinome seropapillaire (ER+ 80%, PR+ 20%, BRCA2 mute) de la trompe droite de
stade pT3c, pN1b (12/14), FIGO IHIIC.

« Mutation somatique de BRCAZ2 référencé R2336P

I Do you test the patient ?

HOS g o ovon [

Antonietta
Manserra 92| Bartolli 97
4)
JZ(EH%% J) Tg QGB@”[] "0
Maria Rosa Italia
C b 55
I-1}' ooooooooooooooo
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Some pedigrees to discuss
a somatic mutation is known

« Carcinome seropapillaire (ER+ 80%, PR+ 20%, BRCA2 mute) de la trompe droite de
stade pT3c, pN1b (12/14), FIGO IHIIC.

« Mutation somatique de BRCAZ2 reférence R2336P I BRCA2 ¢.7007 G>C / p.Arg2336Pro

S Qo0

vid Amedeo Antaniett Pasquale
M 32| Bartolli 97
cdlon
4)
Min ‘ Maria Rosa Italia Erminia Antaonio E
Capobian 76| Capobianco 78 81 73 69 68 65
lon47 | ovaire 75 zein utérus 58 poumaon 47
75 an 2)
1)
Philam toinette Luig Sabri
50 42 45 50 56 4 41 36 38 35
ectum lymphome 35
? 1)
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Some pedigrees to discuss
a somatic mutation is known

Diagnostics Adéenocarcinome prostatique T1c, Nx, M1b, Gleason 4+5 =9
08.01.2016 Biopsie de la prostate Gleason 9 (4+5), prolifération haute

Des 09.02.2016 Traitement contra-sexuel par Zoladex 10.8 mg sc tous les trois mois
3/19 traitement antihormonal par Xtandi 160 mg/j et Xgeva 120 mg sc

25.3-5/1919 Docetaxel 50 mg/m2 toutes les 2 semaines

BRCA analysis for PARPI treatment

29.06.19 Biopsie de moelle osseuse : Infiltration par I'adénocarcinome de
la prostate
Mutation somatique de BRCAZ2 ¢.82dupA / p.S28Kfs*3

Des 10/19 Lynparza (Olaparib) 150 mg 2-0-2 (Inhibiteur de PARP)



Some pedigrees to discuss
a somatic mutation is known

« Diagnostics Adénocarcinome prostatique T1c, Nx, M1b, Gleason 4+5=9
« Mutation somatique de BRCAZ2 c¢.82dupA / p.S28Kfs*3

Som@o pw o o

pro tt 6a anémie thrombose 75 ﬁgée dge

ardia
ddl rs du pcer"aker

The somatic mutation
was not confirmed at the
germline level

ancer_1= prostate IEI Résultat = wild type EI Cancer 1 = cancer



Some pedigrees to discuss
The young patient ....

31 years old patient with a lump in the left breast

Carcinome canalaire invasif de type HER2 like (G2, ER+ 80%, PR+ 100%, HER?2 3+,
Ki-67, 30%) avec carcinome in situ G2, du quadrant supéro-externe du sein gauche de
stade,cT2, cN1 (biopsie négative) , MO.

22.05.17 : mammographie, IRM mammaire, biopsie du ganglion axillaire et clip nodal et
tumoral. : microcalcifications étendues

23.05.2017 : mise en place du Port-a-cath.

24.05.2017 : PET-CT : pas de métastases

24.05.2017 : Zoladex (prévention de la fertilite)

Du 24.05.2017 au 13.09.2017 : chimiothérapie néo-adjuvante par 6 cycles de Taxotere,
Carboplatine, Herceptin dont 4 cycles avec Perjeta.

I Genetic testing done during the neo-adjuvant chemotherapy I

| Breast gene panel, including BRCA1, BRCA2 , TP53... |




Some pedigrees to discuss
The young patient ....

I Breast gene panel, including BRCA1, BRCA2 , TP53...

I Why is TP53 testing done here ?
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Some pedigrees to discuss
The young patient ....

20.10.2017 : skin-sparing mastectomy avec reconstruction immédiate par DIEP (USB), ypT2
ypNO (0/3)

3.11.2017 : Tumoroard : introduction de aromasin et poursuite du Zoladex pour 5 ans,
poursuite de I'Herceptin pour un an (sans perjeta) et RT du sein et des aires ganglionnaires.
Décembre 2017 a janvier 2018 : radiothérapie de la reconstruction gauche et des aires
ganglionnaires (USB, rapport en attente)

18.04.2018 : opération du mamelon et ablation du PAC.

At a follow-up of 3 years, the patient is doing well

Breast gene panel, including BRCA1, BRCA2 , TPS53...fully negative

TP53 tips !

Li-Fraumeni syndrome is very rare

In very young patient

Assiciated with HER2 positive breast cancer

One third of the cases are neo-mutation (CAVE the negative family history)




Some pedigrees to discuss
the neo-adjuvant opportunity

Carcinome canalaire invasif de type luminal B (G3, ER+ 90%, PR+90%, Her2 2+ (FISH
negatif), Ki-67 25%, p53 négatif) du sein gauche de stade cT2, cN1, MO.

Des le 21.12.2017 hormonothérapie par le Zoladex LA (protection ovarienne)
5.1.2018 au 28.5.2018: Chimiothérapie néoadjuvante de type 4 dd-AC puis 12 Taxol




Some pedigrees to discuss
the neo-adjuvant opportunity

Mutation pathogene de BRCAL ¢.1687 C>T /p.GIn563X

21.6.2018 mastectomie bilatérale avec reconstruction immédiate (Engeried, Dr. Berclaz)
30.10.2018 Hystérectomie et ovariectomie préventive

Hormonothérapie par exemestane

The knowledge of the mutational
status before surgery is the key
to choose the right treatment




Some pedigrees to discuss
A tricky ovarian family...

A BRCA negative family

Mother tested negative

But later :

One daughter with melanoma
One daugter with ovarian cancer

s U

EEEEEEEE



Some pedigrees to discuss
A tricky ovarian family...

The 2 daughters with a BRCA2
mutation

] Re-test in the DNA of the
(5 (5 é deceased mother negative

ction | Mutation probably in the father...
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Some pedigrees to discuss
the male patient...

Test ? Why ? I g

33



Some pedigrees to discuss
the male patient...

[]| résultat =wildtype | @ | Résultat = muté

83 76 73 53
gein ? poumaon

BRCA2 c6468 6469del
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Informative
testing for the
4 daughters




Some pedigrees to discuss
the family history...

i }'.1
é ‘ é (g é Test ? Who ? Why ?
1 8 7 45 42 63 j: 43 53
sein SEP sein ‘
‘ é O é 40 35
2 7




Some pedigrees to discuss

the family history...

EEEEEE

1 3 é?) 46 42 <Eﬂg %): 43 éEE)
zein SEP zein ‘
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1 3 26 40 35
7

informative testing,
because one
mutation has been
identified




Some pedigrees to discuss
The challenging pedigree...

The mother
worried for her

4 daughters | O | @ (b .
100 78 81 8s 83
|||||||| ovaire eztomac ovaire szein T2 tumeur benigne re
M o B 72 i
5 8 oOdOoo
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Some pedigrees to discuss
The challenging pedigree...

The mother is @’ Var.g
BRCA negative

Are the
daughters safe ? b’
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Some pedigrees to discuss
The challenging pedigree...

30 73

Are the
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The old auntis
BRCA negative

daughters safe ?
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Some pedigrees to discuss
The challenging pedigree...
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