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Resistance to 
biotherapy

Accumulation of somatic genetic alterations

>10-20 years

Darwinian selection of cancer cells with driver mutations

Treatment

Constitutional predisposition to cancer

Age

Carcinogen, chronic inflammation, oxydative stress

Features linked with accumulation of somatic genetic alterations

Accumulation of genetic alterations
during carcinogenesis

Stratton MR, et al. Nature 2009
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IARC – EUCAN Fact Sheets

Incidence - Mortality

.be: 147.5 – 29.5
Lifetime risk : 12%

Breast cancer

Breast cancer in Belgium according
to age

Belgian Cancer Registry
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Breast cancer: risk factors

• Sex

• 1 M / 100 F

• Age 

• the risk increases with age

• but 15-20% before the age of 50

• Family history

• Personal history

• Environmental factors (geographic migration)

• Prolonged exposure to estrogens:

• Early menarche

• Late menopause

• Late first pregnancy, few pregnancies

• Lack of breast-feeding

• Other breast lesions (in situ carcinoma, atypical hyperplasia, radial scar, ...)

• Controversies: endocrine treatment for menopausal status, weight, alcohol, tobacco, …

Breast cancer – genetic risk

• 15% of healthy women have at least one 1st degree relative with breast cancer

 risk x 2

• Breast cancer risk increases with the number of 1st degree relatives with breast cancer

• 1: x 1.8

• 2: x 2.9

• 3: x 3.9

• BRCA1 and BRCA2 germline mutations are responsible for 20-25% of familial breast cancer cases, but 
< 5% of all breast cancers

• > 50% of the genetic predisposition to familial breast cancer remains unexplained
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IARC – EUCAN Fact Sheets

Incidence - Mortality

.be: 11.0 – 8.1
Lifetime risk : 1.3%

Ovarian cancer

Ovarian cancer: risk factors

• Age

• Obesity

• Reproductive history

• Birth control

• Family history of breast, ovarian and colorectal cancer

• Personal history of breast cancer
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Ovarian cancer genetics

Pietragalla A et al, Int J Gyn Can 2020
Toss A et al, Biomed Res Int 2015

Susceptibility genes and their prevalence in hereditary ovarian syndromes

23% of ovarian carcinomas have a hereditary predisposition

Germline BRCA1 and BRCA2 mutations account for 20-25% of high 
grade serous ovarian cancer

Breast and ovarian cancer : 
multidisciplinary team

• surgeon / gynaecologist

• medical oncologist

• radiation oncologist

• radiologist

• pathologist

• geneticist

• plastic surgeon



07-02-22

6

Definitions

• Penetrance = the likelihood a given gene will result in disease

• High penetrance genes : 

• rare mutations

• very high risk of disease

• independently of other risk factors

• Low penetrance genes

• frequent genetic variants

• interact with exogenous factors to cause the diseases

« Hereditary » cancer syndromes
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Genetics
Environment

Polygenic risk score

Foulkes WD, NEJM 2008
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Risk of breast cancer with protein-
truncating variants in 34 genes

Breast Cancer Association Consortium, NEJM 2021

https://www.college-genetics.be/

 

2015  www.kce.fgov.be 

KCE REPORT 236Bs 

RÉSUMÉ 

TESTS ONCOGÉNÉTIQUES ET SUIVI DES FEMMES ATTEINTES 
D'UNE FORME HÉRÉDITAIRE DE CANCER DU SEIN OU DE 
L’OVAIRE, D'UN SYNDROME DE LI-FRAUMENI OU D'UN 
SYNDROME DE COWDEN 

Guidelines for hereditary breast and/or ovarian
cancer syndrome diagnostic testing criteria

Indication for analysis for all metastatic patients

https://www.college-genetics.be/fr
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BRCA1 and BRCA2

• Global prevalence of BRCA1 or BRCA2 mutations is estimated at 1/139 (Genome Medicine volume 12, Article number: 2 (2020))

• Responsible for the majority of « hereditary » breast cancer cases

• 30 - 50% of breast cancer patients carrying a mutation have no known or significant family history (Eur J Cancer, 43 (11) (2007 Jul), 
pp. 1713–1717)

• Specific BRCA1 and BRCA2 mutations are frequent in the Jewish Ashkenazi population (1/40 - 1/50)

BRCA1 and BRCA2 : germline in breast cancer, germline or somatic in ovarian cancer

High grade serous EOC

Konstantinopoulos et al, Cancer Discov 2015

BRCA 
mutations
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Roles of BRCA1 and BRCA2 in hereditary
breast and ovarian cancer syndrome (HBOC)

• High penetrance but variable expression : 

• Cumulative risk of breast cancer : up to 70 % (at 80 y.o.)

• Ovarian cancer : 40% (BRCA1) / 20% (BRCA2)

HBOC : the cumulative cancer risk varies 
with age  higher in younger women
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• Sex

• 1 M / 100 F

• Age 

• the risk increases with age

• but 15-20% before the age of 50

• Family history

• Personal history

• Environmental factors (geographic migration)

• Prolonged exposure to estrogens:

• Early menarche

• Late menopause

• Late first pregnancy, few pregnancies

• Lack of breast-feeding

• Other breast lesions (in situ carcinoma, atypical hyperplasia, radial scar, ...)

• Controversies: endocrine treatment for menopausal status, weight, alcohol, tobacco, …

High penetrance : high risk of disease if mutation is found

But risk also depends on : 

BRCA1 and BRCA2

BRCA1 and BRCA2

• Thousands of different sequence variants have been identified :

• 1) mutations that are known or likely to be deleterious and disease-associated

• 2) variants of unknown function 

= UV : unclassified variants

• 3) genetic variants that are likely to be neutral and without clinical importance

EMQN Best Practice Guidelines
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• BRCA1 :

• breast (women) : young age, 70% cumulative risk 

• Triple negative

• Risk of contralateral breast cancer: 40% after 20 years

• ovary : 40-50% cumulative risk
• colon

• prostate

• BRCA2 :

• breast (women) : cumulative risk 50-70%

• ER and PgR positive

• Risk of contralateral breast cancer: 25% after 20 years

• ovary : lower cumulative risk than BRCA1 (20%)

• breast (men) : increased risk (10% of breast cancers in males have a BRCA2 mutation)

• Pancreas : 2-6%
• colon

• prostate

• larynx

Kuchenbaecker et al. JAMA. 2017 Jun 20;317(23):2402-2416. 

BRCA1 and BRCA2

Chen, S. et al. J Clin Oncol; 24:863-871 2006

Future risks of developing cancer for a female carrier at a range of ages in the next 10-year 
interval, 20-year interval, and so on

Breast 

BRCA1

Breast 

BRCA2

Ovary 

BRCA1

Ovary 

BRCA2
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Annual Ovarian, Fallopian Tube and 
Peritoneal Cancer

Finch, A. et al. J Clin Oncol; 2014

Guidelines for the managements of 
patients with BRCA1 or BRCA2 mutations

Belgian guidelines for Managing Hereditary

Breast and Ovarian Cancer: 09/2020 Update

https://www.college-genetics.be/

Risk reducing surgery Strongly consider BSO < 50 y

BRCA1

BRCA2
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Other genes implicated in an 
increased risk of breast cancer

Molecular mechanisms of double-strand break DNA repair

Nat Rev Cancer.;12(1):68-78

Estimated absolute risk of breast
cancer associated with protein-
truncating variants

Breast Cancer Association Consortium, NEJM 2021
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PALB2

• Breast (women) : cumulative risk 30-60%
• importance of family history

• increased risk of contralateral breast cancer

• anticipation

• Ovary : cumulative risk 5-15%

• Breast (men) : 1%

• Pancreas: weak but increased

ATM

• Breast (women) : cumulative risk 30%
• importance of family history

• contralateral breast cancer?

• Breast (men) : 0,5-1%

• Prostate

• Pancreas
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ATM

• Risk of radiosensitivity in heterozygotes?
• Not demonstrated : mammogram recommended by NCCN 2021, but 

caution advised by Belgian guidelines

• No evidence of deleterious effect of radiotherapy, but debated

• Beware of the risk of biallelic mutation in offspring: 
• test the partner if child wish (risk 1/100) 

Ataxia telangiectasia

Int J Radiation Oncol Biol Phys, Vol. 105, No. 4, pp. 698e712, 2019

Congenital dysmorphic syndrome : small size, microcephaly, abnormal
thumbs or forearms, face, neurological or retinian signs

Predisposition to cancer (leukemia, lymphoma, carcinoma…)

+/- medullary insufficiency

+/- immune abnormalities

CHEK2

• Breast (women) : cumulative risk 20-45%
• importance of family history

• risk of contralateral cancer : 25% after 20 years

• Breast (men) : 0,5-1%

• Prostate

• Colon: 8-10% -> colonoscopy starting at 40 years (every 5 years)
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RAD51C and RAD51D

• Breast (women) : cumulative risk 20-45%
• importance of family history

• remaining risk in non-carriers

• Ovary: 5-10%

BRIP1
• No increased risk of breast cancer

• Ovary: 5-15%
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Rare syndromes

• PTEN – Cowden syndrome
• Macrocephaly & autism

• Hamartoma + trichilemmoma

• Increased risk of breast cancer (60% at 70 y.o.) + thyroid carcinoma + 
endometrium + colon

• STK11 – Peutz-Jeghers syndrome
• Hamartoma

• Abnormal pigmentation of skin and mucosa

• Increased risk of breast cancer (40-60% at 70 y.o.) + cervix and 
endometrium + digestive tract + pancreas + lung + sex cord tumors

Rare syndromes
• CDH1

• Lobular breast cancer (60% at 80 y.o., bilateral)

• Diffuse gastric cancer

• Cleft lip and palate

• TP53 – Li-Fraumeni syndrome
• De novo mutations (7-20%), mosaicism  family history not always present

• Breast cancer (HER2+) - 6% of women with breast cancer < 30 y.o; risk >60%

• Sarcoma

• Adrenocortical carcinoma

• Leukemia

• Brain tumor

• Other cancers (lung, colon, pancreas, genito-urinary, skin, prostate, …)

J Med Genet. 2015 Jun; 52(6): 361–374

AVOID RADIATION
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Brain T, 9

Sarcoma, 39

28 y.o.

Sarcoma, 15

Br T, 41

Lung T, 44

Br. T, 38

Br. T, 39

Brain T, 35

Brain T, 621 y.o.

Li-Fraumeni syndrome:
heterozygous TP53 mutation

35

J Clin Oncol. 2009 Sep 10;27(26):e108-9

BUT : nowadays, included in panel testing!!!
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Other genetic predisposition factors to 
breast and/or ovarian cancer

• Lynch syndrome

• …

 Pr De Leener

Br. T, 36 Br. T, 34

Br. T, 42
Br. T, 45

Br. T, 56

Br. T, 40

Br. T, 54

aged 39

?

panel wt

What if no genetic alteration is found?
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Br. T, 36 Br. T, 34

Br. T, 42
Br. T, 45

Br. T, 56

Br. T, 40

Br. T, 54

aged 39

?

panel wtpanel wt

What if no genetic alteration is found?
 exclude a phenocopy

• Software for risk assessment
• e.g. CanRisk

https://www.canrisk.org/

What if no genetic alteration is found?
 importance of family history (and other risk factors!)
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BRCAtool

http://brcatool.stanford.edu/

BRCA1 and BRCA2: how to interpret the results?

• Many mutations, different from one family to another

• A clearly deleterious mutation cannot be identified in all cases

•  2-step process : 

• Index case (usually a family member treated for cancer at a young age)
• then analyze the relatives, if appropriate (usually asymptomatic)

• If no mutation could be identified after the analysis of the index case, the test should be
considered as non informative, because the presence of a deleterious mutation cannot be
excluded, and no presymptomatic test can be offered to the relatives

• If a mutation is identified, a predisposition test can be offered to the relatives : if it is
negative, it can be concluded that the relative has not inherited the familial predisposition
factor

• Minors : no indication to test
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Poly (ADP-Ribose) Polymerase (PARP)

PARP Inhibitors
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Shah GM et al, Front Oncol. 2013; 3: 279

Shah GM et al, Front Oncol. 2013; 3: 279 46
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PARP inhibitors

47Litton J et al, NEJM 2018; Robson M et al, NEJM 2017

OLYMPIAD

EMBRACA

Olympia : trial schema

48Tutt A et al, ASCO 2021
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Olympia : IDFS

Tutt A et al, ASCO 2021

50

Olympia : subgroupe analysis IDFS

Tutt A et al, ASCO 2021
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51

Olympia : DDFS

Tutt A et al, ASCO 2021

NeoTALA : trial schema

52Litton JK et al, ASCO 2021
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NeoTALA : pCR rate

53Litton JK et al, ASCO 2021

- all TNBC

pCR rates comparable to those observed with combination
anthracycline and taxane-based chemotherapy

Phase II study of maintenance 
olaparib in ovarian cancer: study 19

Placebo
(n=129)

Olaparib
400mg bid, orally

(n=136)

Patients

Platinum-sensitive high-grade 
serous ovarian cancer

≥2 previous platinum regimens

Maintained PR or CR following 
last platinum regimen

Primary endpoint

PFS by RECIST

Secondary endpoints

TTP by CA-125 (GCIG 
criteria) or RECIST, OS, 
safety

Randomized 1:1

82 sites in 16 countries

Ledermann et al. J Clin Oncol 2011;29 (suppl; abstr 5003); N Engl J Med. 2012 Apr 12;366(15):1382-92
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Study 19: progression-free survival

0

Time from randomization (months)

136 104 51 23 6 0 0

129 72 23 7 1 0 0

At risk (n)

Olaparib

Placebo

0.6

0.8

0.9

0

0.1

0.2

0.3

0.4

0.5

0.7

1.0

3 6 9 12 15 18

No. of events: Total patients (%)

Median PFS (months)

Olaparib
60:136 (44.1)

8.4

Placebo
93:129 (72.1)

4.8

Hazard ratio 0.35 (95% CI, 0.25–0.49)
P<0.00001

Olaparib 400 mg bid
Placebo

Randomized treatment
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Ledermann et al. J Clin Oncol 2011;29 (suppl; abstr 5003); N Engl J Med. 2012 Apr 12;366(15):1382-92

Study 19: common adverse events*

*Adverse events graded according to maximum CTCAE version 3.0 grade, 
experienced by >15% of patients in either treatment group.

Placebo
(n=128)

Adverse event

Any event

Nausea

Fatigue

Vomiting

Diarrhea

Headache

Decreased appetite

Abdominal pain

Anemia

Dyspepsia

Grade 1/2

61

66

42

29

21

18

18

16

12

16

Olaparib 400 mg bid
(n=136)

Grade 3/4

35

2

7

2

2

0

0

2

5

0

Grade 1/2

70

35

34

13

20

11

13

23

4

9

Grade 3/4

20

0

3

1

2

1

0

3

1

0

Percentage of Patients

Ledermann et al. J Clin Oncol 2011;29 (suppl; abstr 5003); N Engl J Med. 2012 Apr 12;366(15):1382-92
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Study 19: PFS by BRCAm status

Presented by: Jonathan Ledermann et al  at ASCO 2013
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Olaparib BRCAm
Placebo BRCAm

Number at risk

Olaparib BRCAm

Placebo BRCAm
74 59 33 14 4 0

62 35 13 2 0 0

BRCAm (n=136)

Olaparib Placebo

Events: total pts (%) 26:74 (35.1) 46:62 (74.2)

Median PFS, months 11.2 4.3

HR=0.18
95% CI (0.11, 0.31); 

P<0.00001

82% reduction in risk of disease progression or death with olaparib
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BRCAm (n=136) BRCAwt (n=118)

Olaparib Placebo Olaparib Placebo

Events: total pts (%) 26:74 (35.1) 46:62 (74.2) 32:57 (56.1) 44:61 (72.1)

Median PFS, months 11.2 4.3 5.6 5.5

HR=0.18
95% CI (0.11, 0.31); 

P<0.00001

HR=0.53
95% CI (0.33, 0.84); P=0.007

Placebo BRCAm

Placebo BRCAwt

Number at risk

Olaparib BRCAm

Olaparib BRCAwt

Placebo BRCAm

Placebo BRCAwt

74 59 33 14 4 0

57 44 17 9 2 0

62 35 13 2 0 0

61 35 10 4 1 0

BRCAwt, wild type (includes patients with no known BRCAm or a mutation of unknown significance)

Presented by: Jonathan Ledermann et al  at ASCO 2013
58

Study 19: PFS by BRCAm status
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General conclusions

• Breast cancer is frequent – ovarian cancer is rare

• Genetic predisposition is only partially explained by BRCA1/2 mutations

• +/- 10% of breast cancers are due to a genetic predisposition

• < 5% are due to BRCA1 or BRCA2 germline mutations

• Multiple different mutations exist

• Only patients with a high probability of mutation should be tested 

• Other, rare genetic anomalies exist

• PARP inhibitors are promising treatment options for BRCAm breast and ovarian cancer patients

• Future breast and ovarian cancer treatments will take into account constitutional and somatic GENETIC alterations

Thank you for 
your attention


