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Breast cancer
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Breast
Europe (Top 15)

Incidence

France
Cyprus
IBelglum l

The Netherlands
Luxembourg{
Norway
Denmark
United Kingdom
Finland

Ireland

Portugal

Italy

Malta

Greece

Slovenia

120 100 80 60

Cancer TODAY | IARC - https;//gcaiarcwhaint
Data version: Globocan 2022

© All Rights Reserved 2024

Breast cancer in Belgium according

to age

Breast cancer in females: incidence

Mortality
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Breast cancer: risk factors

* Sex
« 1M/100F
¢ 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, ...
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Breast cancer - genetic risk
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* 15% of healthy women have at least one 1% degree relative with breast cancer
- riskx 2

* Breast cancer risk increases with the number of 15t degree relatives with breast cancer

. 1:x1.8
. 2:x29
. 3:x3.9

* BRCA1 and BRCAZ2 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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Ovarian cancer

Age-Standardized Rate (World) per 100 000, Incidence and Mortality, Females, in 2022
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Ovarian cancer: risk factors

* Age

* Obesity

* Reproductive history

* Birth control

* Family history of breast, ovarian and colorectal cancer
* Personal history of breast cancer

05-02-24

d | % INSTITUT
(c | ARl aLeERT N

Incidence - Mortality
.be: 6.9-3.7
Lifetime risk : 1.3%
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Ovarian cancer genetics
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23% of ovarian carcinomas have a hereditary predisposition

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

Susceptibility genes and their prevalence in hereditary ovarian syndromes

W BRCA1

BRCA 2

Genes involved in DSB repair
MMR genes (Lynch SDR)
TP53 (Li-Fraumeni SDR)
Other genes

EEEBR

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

Breast and ovarian cancer:
multidisciplinary team
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* surgeon / gynaecologist
* medical oncologist

* radiation oncologist

* radiologist

* pathologist

* geneticist

* plastic surgeon
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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

Genetic variants by risk and frequency
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Risk of breast cancer with protein-
truncating variants in 34 genes

A Breast Cancer Overall
BRCA1
BRCAZ
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Breast Cancer Association Consortium, NEJM 2021 e Huni

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

1. Woman with breast cancer + one of the following:

diagnosed < 40yrs

+ diagnosed < 50yrs and one relative with bilateral breast cancer, or breast
cancer < 50yrs, of prostate cancer diagnosed < 60yrs

l:] % INSTITUT
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+ afirstor second degree relative with male breast cancer, ovarian cancer,
G E N E T | C S pancreatic adenocarcinoma, or metastatic prostate cancer

ateral breast cancer if the first cancer was diagnosed < 50yrs

[+ triple negative breast cancer < 60yrs|

WER2 negative (normone recepto!
breast cancer eligible for PAR
metastatic setting

ega
inhibitors: in

-risk (nec)adjuvant setting or

= ovarian cancer or pancreatic adenocarcinoma at any age

+ 23individuals with breast cancer and/or prostate cancer, one is a first
degree relative of the other two (excluding male transmitters if father is not
affected) and one diagnosed at an early age (< 60yrs)

TESTS ONCOGENETIQUES
D'UNE FORME HEREDITAIR:
L'OVAIRE, D'UN S

SYNDROME DE COM

+ individual of ethnicity associated with a higher frequency of specific
mutations (e.g., Ashkenazi Jewish): eligible for founder mutation testing

+ other family situations with a priori chance of mutation >10% according to
BRCAPRO or Evans criterla or Manchester score

+ testmore than one affected relative if criteria remain positive after excluding
the negative case as a phenocopy

Il. Women with high grade epithelial ovarian cancer at any age (excluding
mucinous ovarian cancer)

New version : June 2023

lll. Male with breast cancer

IV. Family history only

first degree unaffected relative of any of the above on a case-by-case basis

testing of unaffected family members should only be considered when no
affected family member is available and then the unaffected family member Mermbes du rézesu H H

i with the hi hevst robability of mutation should be tested § e g1V 1] 14
https://www.college-genetics.be/ ighest p Y
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BRCAT and BRCAZ2
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* 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)

N .
s Huni

BRCAT and BRCAZ2 : germline in breast cancer, germline or somatic in ovarian cancer PR ——
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OTHER (some may be HR deficient via upregulation i HR DEFICIENT
of miRNAs or other mechanisms)

BRCAT1 germline mutations 8%
High grade serous EOC Other 21% BRCA1 somatic mutations 3%

BRCA2 germline mutations BRCA
6%

mutations

BRCAZ2 somatic mutations
3%

" T
NER mutations 4-8% BRCAT promoter

methylation 10%
MMR mutations 3%
-
CDK12 mutations 3%
RADS51C promoter

methylation 2%
FA gene mutations 2%

Cyclin E1 amplification 15%

Core RAD gene mutations 1.5%

PTEN HR DNA-damage gene mutations 2%
homozygous

loss 7%

POSSIBLY HR DEFICIENT

HR PROFICIENT

MSY
amplification 6%

/

Konstantinopoulos et al, Cancer Discov 2015 [limdini Huni
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Roles of BRCAT and BRCAZ in hereditary (& | R ATTSEers
breast and ovarian cancer syndrome (HBOC)

* High penetrance but variable expression :
* Cumulative risk of breast cancer : up to 70 % (at 80 y.0.)
* Ovarian cancer : 40% (BRCA1) / 20% (BRCA2)

ASKZME " Biatansssre
h

Enter the gene that has a pathogeni nd gender of the patient to calculate Enter the gene that has a path ion, the age, and gender of the patient ta calculate

BRCA1 cancer risk for a 26 year oid female up to age 85 BRCA1 cancer risk for a 60 year old female up to age 85

.....
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HBOC : the cumulative cancer risk varies K RETATS e
with age = higher in younger women

BRCA1 Breast risk for a 25 year old female up to age 85
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BRCAT and BRCAZ2

High penetrance : high risk of disease if mutation is found

LBERT
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But risk also depends on :

* Sex
* 1M/100F
* 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, ...

Huni

BRCAT and BRCAZ2

U | % INSTITUT
(c | ARoiALBERT N

» 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

= Huni

EMQN Best Practice Guidelines | @&
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BRCA1 and BRCAZ2: beware of VUSs
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* VUS = variant of unknown significance

Wariant Class

Interpretation

Probability of
being pathogenic

.-S:um: 2

<0.001 0.001-0.043 0.05-0.949 0.95-0.99 =099

MUTATIONS

IARC classification for sequence variants identified by genetic testing

BRCA1 and BRCAZ2

Jimenez-Sainz et al, Genes 2021 | m=ne Huni | 21

Breast cancer
Contralateral breast
cancer

Male breast cancer
QOvarian cancer
Prostate cancer
Pancreatic cancer
Endometrial cancer
Colorectal cancer

60-80%at80y Higher risk for triple negative breast cancer

Around 40% after 20 y Risk table! can b_e usec_l during counseling for a
more accurate risk estimate

1%

Around 40% at 80 y

Moderate increase

Small but increased risk Not in patient folder

< 5% Should not be reported in patient folder

Slight increase (only < 50 y) Should not be reported in patient folder

Breast cancer
Contralateral breast
cancer

Male breast cancer
Ovarian cancer
Prostate cancer
Pancreatic cancer

60-80% at80y

Around 25% after 20y Risk tablel. can b.e used during counseling for a more
accurate risk estimate

7%

Around 20% at 80 y

15% before 65 y

Small but increased risk Not in patient folder

Belgian guidelines for Managing Hereditary : . e e .
Breast and Ovarian Cancer: 05/2023 Update https://www.college-genetics.be/ | I3t it Hunl 22
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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
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Annual Ovarian, Fallopian Tube and

Peritoneal Cancer

05-02-24

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

A

Table 2. Annual Risks of Ovarian, Fallopian Tube, and Peritoneal Cancer in BRCAT and BRCAZ2 Mutation Carriers With Intact Ovaries

| B2 | IBrcaz |
Age Group Mo. of No. of Person- [Annual Risk (per 100,000 Mo. of No. of Persan- 1Annual Risk (per 100,000

(years| Patients Cancers Years per year) Patients Cancers Years per year)

3034 413 2 865.6 2311 a7 1] 904 0

3839 BE6 6 2,223 269.9 92 Q 3887 0

4049 1,009 43 3,968.6 1.086.2 2786 1 11743 85.2

50-59 549 34 2,029.9 1.675.0 207 & 8532 586.1

680-89 216 9 9753 922.8 98 3 4782 8313

7074 128 4 669.1 606.9 59 1 3632 2783

Total 2,881 98 10,7116 914.9 779 10 33449 289.0

NOTE. Forty-six cancers diagnosed at prophylactic cophorectomy were excluded from this analysis

Finch, A. et al. J Clin Oncol; 2014
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Guidelines for the management of
patients with BRCAT mutations

Breast cancer

Ovarian cancer

Prostate cancer

Pancreatic cancer
(not in folder)

Male breast cancer:

PGD/PND for BRCA1?

Guidelines for the management of
patients with BRCA2 mutations

Breast cancer

Ovarian cancer

Prostate cancer

Pancreatic cancer
(not in folder)

Male breast cancer:

PGD/PND for BRCA2?

Screening

Risk reducing surgery
Screening

(not in folder)

Risk reducing surgery

Screening

Smoke cessation

Screening
(preferentially in
clinical trial)

€

Clinical examination every 6 months from 25* y AND

e 25%—35y: Annual breast MRI

Consider baseline mammogram once at 30y to detect
potential microcalcifications

35— 65 y: annual breast MRI and annual mammogram (+/-
US when indicted by radiologist) alternating every 6 months
® 65— 75 y: Annual mammography (if quality is sufficient)

® >75y: Consider mammogram every 2y

*Or 5y younger than youngest diagnosis in the family if
diagnosis <30y

Bilateral mastectomy (comments: no standard follow-up with imaging
after risk reducing y. nipple p safe)

ions is

Not recommended (comm

sk red

nt: tailored program could be offered if
0>40y)

patient refused

Strongly consider BSO <40y

Annual PSA and digital prostate exam from age 50 y (or 10y
earlier than youngest diagnosis, whichever comes first)

Recommended

If 21 first degree relative with pancreatic cancer: consider
discussing pros and cons of screening according to CAPS
guidelines (Goggins et al, Gut 2020)

Routine screening not recommended

PGT is offered in every center; PND is not offered by every genetic center

Screening

Risk reducing surgery
Screening
(not in folder)

Risk reducing surgery
Screening

Smoke cessation

Screening
(preferentially in
clinical trial)

% INSTITUT
A ROI ALBERT II

Belgian guidelines for Managing Hereditary

Breast and Ovarian Cancer: 05/2023 Update

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

€

Clinical examination every 6 months from 25* y AND

e 25% —35y: Annual breast MRI

Consider baseline mammogram once at 30y to detect
potential microcalcifications

35— 65 y: annual breast MRI and annual mammogram (+/-
US when indicted by radiologist) alternating every 6 months
65— 75 y: Annual mammography (if quality is sufficient)
>75y: Consider mammogram every 2 y

*0r 5 y younger than youngest diagnosis in the family if
diagnosis <30y

Bilateral mastectomy (comments: no standard follow-up with imaging
after risk reducing mastectomy, nipple preservations is considered safe)

Not recommended (comment: tailored program could be offered if
g BSC

patient re

Strongly consider BSO < 50 y

Annual PSA and digital prostate exam from age 40y (or 10y
earlier than youngest diagnosis, whichever comes first)

Recommended

If 21 first degree relative or 2 2 relatives of any degree with
pancreatic cancer: consider discussing pros and cons of
screening according to CAPS guidelines (Goggins et al, Gut 2020)

M
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Consider annual clinical exam by physician from age 40y

PGT is offered in every center; PND is not offered by every genetic center

Belgian guidelines for Managing Hereditary
Breast and Ovarian Cancer: 05/2023 Update

https://www.coll

tics.be/
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Other genes implicated in an
increased risk of breast cancer

Molecular mechanisms of double-strand break DNA repair

Estimated absolute risk of breast
cancer associated with protein-

Sensor [Mediator Effector |

BRCA1

BRIP1

eECH
TOPBP1 >
[

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

truncating variants

Absolute Risk (%)

704
60—
50+
204 — BRCAI
=== BRCA2
104 PALB2
= CHEK2
204 == BARDI
ATM
10 == RADS5IC
7 = = RAD51D
== Population
o p
20

Age (yr)
Breast Cancer Association Consortium, NEJM 2021
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PALB?2

* Breast (women) : cumulative risk 30-60%
* importance of family history
* increased risk of contralateral breast cancer
* anticipation

Lu % INSTITUT
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. . . Screening Clinical examination every 6 months from 25* y AND
* Ovary : cumulative risk 5-15% + 25° - 35y: Annual breast MRI
* Consider baseline mammogram once at 30y to detect
Y . 0, potential microcalcifications
BreaSt ( men ) . 1 A’ # 35-65y: annual breast MRI and annual mammogram (+/- US

. when indicated by radiologist) alternating every 6 months.
L4 Pa ncreas. wea k but INcrea Sed Breast cancer ® 65— 75 y: Annual mammography (if quality is sufficient)
® >75y: Consider mammogram every 2 y
*0Or 5 y younger than youngest diagnosis in the family if
diagnosis <30y

Risk reducing surgery  Bilateral mastectomy (comments: no standard follow-up with imaging
after risk reducing mastectomy, nipple preservations is considered safe)

ot in folder)
Ovarian cancer - - - -
Risk reducing surgery  Strongly consider BSO at age of menopause (or earlier

depending on family history

Pancreatic cancer Smoke cessation Recommended

(notin folder)

If 21 first degree relative with pancreatic cancer: consider
d cons of screening according to CAPS

(prefe yin discussing pros

clinical trial) guideline
Male breast cancer: Routine screening not recommended
Belgian guidelines for Managing Hereditary . . . "
Breast and Ovarian Cancer: 05/2023 Update PGD/PND for PALB2? PGT is offered in every center; PND is not offered by every genetic center
https://www.college-genetics.be/ e durézesa H un i 29
.

CHEK2 & | X RSTHSTRr

* Breast (women) : cumulative risk 20-45%
* importance of family history
* risk of contralateral cancer : 25% after 20 years
* Breast (men) : 0,5-1% Tumor mtervention  Recommendaton

. Prostate . moderate Increase Clinical examination every 6 months from 25y AND

35— 65 y: At least yearly breast MRI with 1-incidence mammogram
Screening +/- US if indicated by radiologist (or start 5 y before youngest diagnosis
in family if diagnosis <40y)

BB @ 65— 75 y: Annual mammography (+/- ultrasound)

>75y: Cansiu/gv‘mammugram every 2y (if patient is in good health)

Risk reducing surgery If strong family history or if diagnosed with breast cancer: consider
risk reducing bilateral mastectomy

Annual PSA and digital prostate exam from age 50y (or 10 y earlier

Prostate cancer  Screening than youngest diagnosis)

‘ Female non-carriers with a 1* degree relative with breast cancer

Table 9: R dations for non-carrier with a first degree relatives (sister, daughter/mother) with
breast cancer in CHEK2 families

40 - 50 y: Annual mammogram

Belgian guidelines for Managing Hereditary Breast cancer Screening i
Breast and Ovarian Cancer: 05/2023 Update 50-75y: Mammogram every 2 years
https://www.college-genetics.be/ UTanat Revwens H un i 30
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ATM

* Breast (women) : cumulative risk 30%

+ importance of family history iGN

e contralateral breast cancer? Clinical examination every 6 months from 25 y AND
o 35— 65y: At least yearly breast MRI with 1-incidence mammogram

° Breast ( m en) . 0,5' 1 A) Screening +/- US if indicated by radiologist (or start 5 y before youngest diagnosis
in family if diagnosis <40y)

° Prostate : moderate Breast cancer 65 — 75y: Annual mammogram (+/- ultrasound)
>75y: Consider mammogram every 2 y (if patient is in good health)

° Pa ncreas : sma I I Risk reducing surgery Bilateral mastectomy can be considered based on patient
preference

Annual PSA and digital prostate exam from age 50y (or 10y earlier

Prostate cancer Screening than youngest diagnosis)

Pancreatic cancer  smoke cessation Recommended

(not in folder) - . i 3 i -
Screening If 21 first degree relative with pancreatic cancer: consider
(preferentially in discussing pros and cons of screening according to CAPS guidelines
clinical trial) (Goggins et al, Gut 2020)

- ATM c.7271T>G (V2424G) is a high risk variant: BRCA breast screening according to literature®

Female non-carriers with a 1* degree relative with breast cancer |

Table 12: Recommendations for non-carrier with a first degree relatives (sister, daughter/mother) with
breast cancer in ATM families

) - . " ) 40 - 50 y: Annual mammogram
Belgian guldellne_s for Managing Hereditary Breast cancer Screening e e e
Breast and Ovarian Cancer: 05/2023 Update

https://www.college-genetics.be/ Uldvan et netwerk H un i 3 1
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* Risk of radiosensitivity in heterozygotes?

* Not demonstrated : mammogram recommended by NCCN v1.2024, but
caution advised by Belgian guidelines

* No evidence of deleterious effect of radiotherapy, but debated

Uy = 5 4l
. . . . . . AT L] ut
* Beware of the risk of biallelic mutation in offspring: SR O T
* test the partner if child wish (risk 1/100) _g_'é_n_l-’_ By Yoo Bhgr
bl i H aE
7@ A e T W@ 1

Ataxia telangiectasia

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

# Predisposition to cancer (leukemia, lymphoma, carcinoma...)

damage.
+AT gen bocks
oyelafor ONA reple

# +/- medullary insufficiency
# +/-immune abnormalities

Int J Radiation Oncol Biol Phys, Vol. 105, No. 4, pp. 698e712, 2019 | [l Huni 32
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RAD51C and RAD51D

* Breast (women) : cumulative risk 20-45%

* importance of family history

* remai ning risk in non-carriers Clinical examination every 6 months from 25 y AND
® 35-65y: At least yearly breast MRI with 1-incidence
° Ova ry: 5' 10% mammogram +/- US if indicated by radiologist (or start 5 y before
Screening youngest diagnosis in family if di is <40y)
e 65-75y: Annual mammography (+/- US when indicted by
radiologist)

d | = INSTITUT
L ROI ALBERT

Breast cancer

e >75y: Consider mammogram every 2 y (if patient is in good
health)

Risk reducing surgery If strong family history or if diagnosed: consider risk reducing
bilateral mastectomy

Ovarian cancer mot in folder

Risk reducing surgery Consider BSO <50y

Comment: when a coincidental RAD51C/RAD51D mutation is found in absence of a family history of breast
cancer (and an informative pedigree) it is reascnable to downgrade screening te annual mammogram starting
at 40y, as breast cancer risk is estimated to be 20% for RAD51C/RADS51D women without family history

Female non-carriers with a 1** degree relative with breast cancer |

Table 15: Recommendations for non-carrier with a first degree relatives (sister, daughter/mother) with
breast cancer in RAD51/D families
Belgian guidelines for Managing Hereditary

Breast and Ovarian Cancer: 05/2023 Update

Breast cancer Screenin, S AN et

https://www.college-genetics.be/ . 50— 75 y: Mammogram every 2 years e H un i 33
.
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BARD1

* Breast (women) : cumulative risk 20-45%

* importance of family history Temor | enton  Wecommeedsgon

Clinical examination every 6 months from 25 y AND

* remaining risk in non-carriers + 35-65y: At least yearly breast MRI with 1-incidence
3 ) am +/- US if indi by radiologist [or start 5 y before
* higher risk for TNBC

€

Scraening youngest diagnosis in family if diagnosis <40y)
Breast cancer L
* 65-75y: Annual mammography (+/- ultrasound when indicted
by radiologist)
* >75y: Consider mammaogram every 2 y (if patient is in good
health)

Risk reducing surgery If strong family history or if diagnosed: consider risk reducing
bilateral mastectomy

C when a d | BARD1 ion is found in absence of a family history of breast cancer (and
an informative pedigree) it is reasonable to downgrade screening to annual mammogram starting at 40y, as
breast cancer risk is estimated to be lower for BARDI women without family history

‘ Female non-carriers with a 1% degree relative with breast cancer ‘

Table 18: Recommendations for non-carrier with a first degree relatives (sister, daughter/mother) with
breast cancer in BARD1 families

40— 50 y: Annual mammogram

Breast cancer Screenin
e 50-75y: Mammogram every 2 years

Belgian guidelines for Managing Hereditary
Breast and Ovarian Cancer: 05/2023 Update

https://www.college-genetics.be/ et e H un i 34
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* No increased risk of breast cancer
* Ovary: 5-10%

Screening Not recommended (comment: tailored program could be offered if patient

Ovarian cancer (not in folder) refused risk reducing BSO 2 50 y)

Risk reducing surgery Consider BSO <50y

Belgian guidelines for Managing Hereditary
Breast and Ovarian Cancer: 05/2023 Update

https://www.college-genetics.be/ et nermene H un i 3 5
.
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Rare syndromes

* PTEN — Cowden syndrome
* Macrocephaly & autism
* Hamartoma + trichilemmoma
* Increased risk of breast cancer (60% at 70 y.o0.) + 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.o0.) + cervix and
endometrium + digestive tract + pancreas + lung + sex cord tumors

18



Rare syndromes
* CDH1

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

* Diffuse gastric cancer
* Cleft lip and palate B0t A

. g0
- o

* 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

" JMed Genet. 2015 Jun; 52(6): 361-374

* Other cancers (lung, colon, pancreas, genito-urinary, skin, prostate, ...)

Li-Fraumeni syndrome:
heterozygous TP53 mutation

Brain T, 35

@ H O

Br. T, 39

Sarcoma, 15
BrT, 41
Lung T, 44

Ol
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AVOID RADIATION

U | % INSTITUT
(c | ARoiALBERT N

|21y.?| |BrainT,6 | |BrainT,9
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Table 1. 2009 Chompret Criteria for Germline TP53 Mutation Screening § INsTTuT

Criterion

Proband with tumor belonging to LFS tumor spectrum (eg,
soft tissue sarcoma, osteosarcoma, brain tumor,
premenopausal breast cancer, adrenocortical carcinoma,
leukemia, lung bronchoalveolar cancer) before age 46 years
AND at least one first- or second-degree relative with LFS
tumor (except breast cancer if proband has breast cancer)
before age 56 years or with multiple tumors; OR

1. Proband with multiple tumors (except multiple breast tumors),
two of which belong to LFS tumor spectrum and first of
which occurred before age 46 years; OR

1. Patient with adrenocortical carcinoma or choroid plexus
tumor, irrespective of family history

Abbreviation: LFS, Li Fraumeni syndrome.

BUT : nowadays, included in panel testing!!!

J Clin Oncol. 2009 Sep 10;27(26):€108-9

Other genetic predisposition factors to
breast and/or ovarian cancer

* Lynch syndrome

- Pr De Leener
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What if no genetic alteration is found?
B—a
B¢ o o m

1Br.T,54| |Br.T 42] g:}:gg
BrT.36] |BrT 34| aged3o

panel wt

e

s Huni | 41

What if no genetic alteration is found? (& | A RO ALeERT 0

- exclude a phenocopy

e o m

(Br.1,54] [Br.T,42] Br.T, 45

Br. T, 56

/j
Br. T, 36 Br. T, 34 aged 39 Br. T, 40
panel wt

‘_

e

ree Hund | 42
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Multifactorial cancer risk prediction
If no genetic alteration is found --> importance of family
history (and other risk factors!)
« Software for risk assessment
* e.g. CanRisk
ot |
E.ﬂ.[l.B?S.k

@ indicates completed stages & indicates mandatory eld (B) canes how nformarion

g In any ordar by blue bars, Please acd a5 passible, When  section Is complatad the bar wéll turn grean. If som (nformation is nknown, the bar wil not
tun green; thes does nat prevent isk calculatian.

Are you! @ In which country do you currently livel @
What is your date of birth! How tall are you? What s your current weight!
Format ddmm/yivy 0. 12350m 0. 73.5kg

prmr— [ | B [ | B
viar e [22 =3 =3 our s

Lifestyle

Women's Health

Chilren

Breast Sereening

Medical History

Polygenc Aisk Scare(s)

Family History

Ce

https://www.canrisk.org/ |~ ims Huni 43

Polygenic risk scores and family history

Polygenic Risk Score(s)

Has a SNP array / Polygenic Risk Score (PRS), ever been run? "*f;mm:rm:w (0] Ll
veo

Upload a VCF (Variant Call Format) file & Enter PRS values

Breast Cancer Ovarian Cancer
alpha z-score alpha z-score
s - IEEIER 5 =] @ ‘
Breast Cancer PRS:
54% of people in the population have a lower polygenic m
load.
46% of people in the population have a higher
polygenic load.
v
L}
D >
lower polygenic risk  higher polygenic risk
hd

Antonis C.Antoniou, ESMO Breast 2023 s Huni 44
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313 SNP Polygenic Risk Score — Breast Cancer

* Breast Cancer Association Consortium (BCAC)

94,094 breast cancer cases and 75,017 control women

* SNPs act multiplicatively on risk
B: =SS Control women
Breast cancer cases

* Validated in prospective cohorts -

* Explains 20% of Familial Risk

Probability density
2

Polygenic risk score residuals

Vevecdatets anc oo | s Hung | 45

% INSTITUT

Multifactorial cancer risk model R RSTA B e

Family

&y Tumour
History \ Pathology Lifestyle

:
T
Hormonal

e
a Reproductive

- Cancer

Iy .
s Incidences

.
s HUunl | 46
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BRCAtool

d | & INSTITU
e LBERT Il
Current Age  Age 2523 ~
Mutation Status ~ BRCAT - @
@ I, Comparison:
(3) 80 o Comparisan Woman withaut
./L,W..,.,; Prevention Strategi, o Interventions BRCA mutations
Screening T fone Mammagram  ~ | None ~ || None
Prophylactic Gophorectomy | rone atAge 35 v | None = || None
Prophylactic Mastectomy | tNone None + | None = || None
@)nﬂ-um of Qutcomes  100%
90%
80%
70%
0%
50%
40%
30%
20%
10%
0%
By Age 70:
out of 100 women died from other causes
n out of 100 women died from evarian cancer
[ out of 100 women died from breast cancer
X cut of 100 women are alive with ovarian cancer
[ out of 100 women survived breast cancer show details =
[1] out of 100 women never had breast or ovarian cancer
(8}
e Orcler by Survival

http://brcatool.stanford.edu/ | &

47
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BRCA1T and BRCAZ2: 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
Pegative, it can be concluded that the relative has not inherited the familial predisposition
actor

« Minors : no indication to test
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PARP Inhibitors (& | ARSTALsERrn

Poly (ADP-Ribose) Polymerase (PARP)

DNA damage

Binds directly
to single strand
breaks

NAD+

nicotinamide =
repair 4 + pADPr e
Shgymes Once bound to
damaged DNA, PARP
modifies itself producing
large branched chains
of Poly(ADP-ribose)

N .
rrmess Huni

BRCA1 Dysfunction and PARP Inhibition

CONCEPT OF SYNTHETIC LETHALITY
Cell death by dual targeting of pathways that, in isolation, are not lethal

[ Chemo, X-rays, other insults ]

[ DNA damage ]

BRCA lost +
PARP deficient

‘BER| [HR| [BER] Ix] m m ]n
(viaste | [viasle | [viaLE |

Adapted from Comen EA, et al. Oncology. 2010;24:55-62.

| BRCA loss j | PARP deﬁcient] {
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A Mechanisms of PARPi linked to BER/HRR nexus for tumors with BRCA
mutations or BRCAness phenotype

Synthetic lethality PARRPi lethality in combination therapy
with PARPiI with drugs (e.g. temozolomide)
®

Endogenous factors Chemothera
(oxidants) I l B

Damaged DNA
(abasic site, alkylated damage, SSB)

) Bscl?l@

Unrepaired SSB

DNA replication,
(collapsed
replication fork)

Repaired SSB

- ®

HRR| “NHEJ (error-prone)®

HRR-proficient cells

Tumors with BRCA mutations
or BRCAness

.
DSB repair & DSB-induced death DNA errors-induced death

cell survival
& .Q‘ ‘@.
& AR CAEARD

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

B Mechanisms of PARPI linked to other target pathways

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

52
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PARP inhibitors
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W
wod 2
OLYMPlAD Patient Population 80 :
d . Olaparib tablets 70 4 Events (%) 163 (79.5) 71(73.2)
Gl Lo £ 60 Median PFS, months 7.0 4.2
@ 50 Hazard ratio 0.58
a4 95% CI: 0.43 to 0.80; P<0.001
30 4
20 4
PFS (RECIST 1.1,BICR) +0S 0
+ Time to second progression of death
.(;;;b “ 0 2 4 6 8 10 12 14 16 18 2 22 24 26 28
« Giobal HRQol (EORTC-QLQ-C30)
+ Safety and tolecabity Atriskn 205 177 154 107 94 69 40 2 21 11 4 3 2 1 0 Ouapanbtablets
9 63 44 25 21 11 8 4 4 1 1 1 1 0 0 TtPC
1007 %
EMBRACA Jaiazoparit # 0f 3 TALA OveraipeT
Patients with locally advanced or metastatic 1 mg PO daily s 80 1 (n=287) (0= 144)
HERZ2-negative breast cancer and a 2z 70 “ Events, no. (%) 186(65%) 83(58%)
germline BRCA17 or BRCA2 mutation*! g 0. \\\» Median, mo (95% CI) 88(72,93) 56(42.67)
e y Treatment (21-day cycles) o \ \\ e SRR oA o7
RGcation Sacus. — continues until progression or % A \ s P <0001
+ Number of prior chemo regimens (0 or 2 unacceptable toxicity % a0 g .
1) £ g P
« TNBC or hormone receptor positive (HR+) mn‘(;cmx of E 10 1 . ‘k“_“_‘ﬁ
= History of CNS mets or no CNS mets capecitabine, : g 5 3 T 3 B 1 % 2 2 T % B % % a
eribulin, gemcitabine,
or vinorelbine Durstion of PP, mo
B TR T T o ——
T o open e Com

Olympia : trial schema

Local genetic testing or

anevcor | e Huni | 53
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€

: Neoadjuvant Group %
on-study central screening « TNBC: non-pCR Olaparib
(Myriad Genetics Inc.) T 300 mg
* Hormone receptor—positive: 3 ) -
) . » non-pCR and CPS+EG score 2 3 5 twice daily . .

« Germline pathogenic or for 1 year Primary End Point ;
likely pathogenic BRCA1/2 2 6 cycles : ';g;ss';; bissealloslianbibi
mutation Neoadjuvant == Surgery = +/- Radiotherapy 3 Y Y

Chemotherapy 1:1 Secondary End Points
=»> Randomization > - Distant disease-free survival'

* HER2-negative Adi (DDFS)
juvant Group N=1836 .

o iti . + Overall survival' (OS)

S RO * TNBC: 2 pT2 or 2 pN1 7 + BRCA1/2 associated cancers
or TNBC) * Hormone receptor—positive: I + Symptom / Health related QoL
l» 24 positive lymph nodes o | Placebo « Safety

+ Stage II-Ill Breast Cancer 26 cycles | twice daily

or lack of PathCR to NACT Surgery ==p  Adjuvant = +/- Radiotherapy | for 1 year
Chemotherapy |
Stratification Factors Ci rent Adj Therapy

+ Hormone receptor—positive vs. TNBC
+ Neoadjuvant vs. adjuvant

« Prior platinum-based chemotherapy (yes vs. no)

Hormone receptor +ve defined as ER and/or PgR positive (IHC staining 2 1%)
Triple Negative defined as ER and PgR negative (IHC staining < 1%)

« Endocrine therapy
« Bisphosphonates
+ No 2nd Adjuvant Chemotherapy

"Hudis CA, J Clin Oncol 2007

54
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Olympia : pre-specified IA 2 2 | K RSALBer

oS

98.0 95.0 92.8 89.8
100 4
_M Olaparib, 75 deaths
—_ Placebo, 108 deaths
&2 80 96.9 92.8 891 86.4
n Difference: 4-year OS rate
§ 3.4% (95% C1-0.1% to 6.8%)
& 60 1 Difference: 3-year OS rate
E 3.8% (85% C1 0.9% to 6.6%)
E 40 = Stralified hazard ratio, 0.68
2 (98.5% CI 0.47-0.97)
& P=0.009
]
5 20 4
0 G 12 18 24 30 36 42 48 54
Months since randomization
No. at risk

Olaparib 921 B62 844 808 773 672 580 437 335 228
Placebo 916 BE8 843 808 752 647 530 423 333 218

sz Huni | 55
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l.:_ A ROI ALBERT Il

Olympia : pre-specified IA 2

IDFS

- 100 834 89.7 86.1 827
3
3
£
" ‘k Olaparib, 134 events
& Placebo, 207 events
§ s 884 814 T8 754 Difference: 4-year IDFS rate
H 7.3% (95% C1 3.0% o 11.5%)
8 Difference: 3-year IDFS rate
% 40 8.8% (95% C1 5.0% lo 12.6%)
3
g Stratified hazard ratio, 0.63
k] (95% CI 0.50-0.78)
o 20
2
8
g
E
0
0 & 12 18 24 30 9 4 48 54 DDFS
Months since randomization
No. at risk
Olaparib 921 825 777 738 694 603 495 382 293 204 100 94.4 906 88.0 865

Placebo 915 807 765 715 856 571 458 370 293 187

k Olapariv, 107 events
80

Placebo, 172 events

Difference: 4-year DOFS rate
7.4% (95% CI 3.6% to 11.3%)

Difference: 3-year DDFS rate

w0 7.0% (95% Ol 3.5% t0 10.6%)

Stralified hazard ratio, 0.61
(95% C10.48-0.77)

Distant disease-fres survival, patients (%)

20
0
0 & 12 18 24 30 36 42 48 54
Months since randomizatian
No. at risk
Olaparib 921 828 784 746 698 609 501 a1 302 209

Placebo 915 818 777 728 670 582 471 a7g 300 193

messse Huni | 56
Tt H
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Olympia : subgroup analyses

3.Yr Invasive Disease—free Stratified Hazard Ratio for
Subgroup Olaparib  Placebo Survival Invasive Disease or Death (95% Cl)
Olaparib Placebo

0. of patients with an

eventtotal o. %
All patients 106/921  178/915 859 771 —— 0.58 (0.46-0.74)
Timing of previous chemotherapy

Neoadjuvant 70/460  117/460 825 680 — - 0.56 (0.41-0.75)

Adjwant 36/461 617455 893 854 0.60 (0.39-0.90)
Previous platinum-based chemotherapy

Yes 34247 43239 820 770 077 (0.49-121)

No 72/674  135/676 873 771 — 0.52 (0.39-0.69)
Hormone-receptor status

HR+ and HER2- 19/168 25157 85 772 070 (0.38-1.27)

TNBC 87/751 153758 861 769 — . 0.56 (0.43-0.73)
Germline BRCA mutation

BRCAL 70/558  126/558 850 734 i 0.52 (0.39-0.70)

BRCAZ 22/230 38200 386 780 ——=————— 0.52 (0.30-0.86)

BRCA1 and BRCA2 01 o3 NC NC NC
Hormone-receptor status and timing

of previous chemotherapy

HR+ and HERZ—, NACT 13/104  20/92 860 670 0.52 (0.25-1.04)

HR+ and HER2-, ACT 6/64 5/65 764 893 1.36 (0.41-4.71)

TNEC, NACT 57/354  97/368 814 677 . Sa— 0.57 (0.41-0.79)

TNBC, ACT 30/387  56/380 803 848 —_— 0.54 (0.34-0.83)
Previous platinum-based chemotherapy

and timing of previous chemotherapy

Yes, NACT 26/169 39169 sl 701 0.6 (0.40-1.07)

Yes, ACT 378 470 NC NC NC

No, NACT 44/291  78/291 831 668 — 051 (0.35-0.73)

No, ACT 28/383 57385 %04 842 — 0.51 (0.32-0.79)
CPS+EG score in patients with previous NACT

Scoreof 2, 3, or 4 55/308 96387 843 689 — 0.51 (0.37-0.71)

Score of 5 or 6 w2 1015 500 179 0.44 (0.19-1.06)
Primary database

Breast International Group 95/810  160/806 860 767 . 0.58 (0.45-0.75)

NRG Oncology (United States) 1111 18109 850 806 0.57 (0.26-1.18)

025 050 o751 135

Olaparib Better Placebo Better ¢ et al, NEIM 202 e iz, Huni 57

@ INSTITUT

Olympia : adverse events S

Adverse event, no. of patients (%) Olaparib Placebo
(n = 911) (n = 904)

Any adverse event 836 (91.8) 758 (83.8)
Serious adverse event 79 (8.7) 78 (8.6)
Adverse event of special interest” 31 (3.4) 51 (5.6)
MDS/AML 2(0.2) 3(0.3)
Pneumonitis® 9(1.0) 12(13)
New primary malignanc\fd 21 (2.3) 36 (4.0)
Grade >3 adverse event 223 (24.5) 102 (11.3)
Grade 4 adverse event® 17 (1.9) 4 (0.4)

Adverse event leading to permanent discontinuation 98 (10.8) 42 (4.6)
of treatment’
Adverse event leading to death® 1(0.1) 2 (0.2)

res Huni | 58
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practical considerations

* Not to combine with adjuvant radiotherapy (not permitted in OlympiA - no safety data)
» Safe to combine with adjuvant endocrine therapy
* Start no earlier than 2 weeks and no later than 12 weeks from trial enrolment
» from surgery, end of adjuvant chemotherapy or end of adjuvant radiotherapy if
administered, whichever is latest

Huni | 59

Identifying High Risk EBC Patients for Adjuvant Olaparib

Who and When to testfor gBRCA mutations? Everyone, as soon as possible
Patients planned for Upfront Surgery

*Point when eligibility for

- Possible in resource-rich healthcare
systems in affluent countries
- Not practical in most healthcare systems

Olaparib can be confirmed +/_
*
Diagnosis Surgery  Adjuvant Chemotherapy  AdjRT Adjuvant Olaparib
‘ 2-6 weeks l 4-6 months 4-8 weeks 12 months

Less practical to test before
surgery

Unselected population

(not cost-effective)

Information too overwhelming for
most newly diagnosed patients

Optimal to test after surgery, when eligibility
for adjuvant olaparib is confirmed

Selected population (more cost-effective)

Months before adjuvant Olaparib is due to be started

*Point when eligibility for

Patients planned for Neoadjuvant Chemotherapy Olaparib c;m be confirmed

% +/-
Diagnosis Neoadjuvant Chemotherapy Surgery AdjRT Adjuvant Olaparib
4-6 months 4-8 weeks 12 months
Optimal to test once decision made for Suboptimal to test only after surgery

- TNBCover HR+

neoadjuvant chemotherapy
A smaller selected high-risk population
Need to prioritize testing further?

- Fulfil conventional testing criteria (age, family history, multiple cancers)
- Higher stage patients (less ikely to achieve pCR) 60

when eligibility for adjuvant olaparib is confirmed
Tight timelines to start adjuvant olaparib

30
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NeoTALA : trial schema

NEOTALA is a non-randomized, open-label, multi-center, single-arm, Phase 2 trial (NCT03499353)

Treatment
12)*

Breast surgery! Safety follow-up
(within 4-6 weeks) (~28 days after last

Key enrollment criteria: Talazoparib 1 mg/day, orally
(0.75 mg/day, moderate
renal impairment)

Long-term
follow-up?*

Patients 218 years old
(EFS and OS

dose or before new

Histologically confirmed diagnosis Investigator choice anti-neoplastic or collected every
of early invasive HER2-negative Week anti-cancer therapy investigational 12 weeks by
adenocarcinoma of the breast 0 4 12 20 24 therapy) telephone)

gBRCA1/2 mutations T T T
. . pCR evaluated by
Suitable for neoadjuvant therapy ) ICR/INV
Locally advanced disease with Biopsy Breast End
tumor >1.5 cm (tumor 2T1, NO-3) and ultrasound Greatiment
' _ : imaging
No evidence of distant metastasis
1 survival; receptor; IC central review; 7 OS=overall survival.
*Study design was amended to include HR-positive, HER2-¢ nagawo patients with BC and the paml numbers were reduced from 112 to 60 in order 1o address lower than expected enroliment.
TBreast/axillary tissue must be removed by either with clinically axllary surgery. Patients may not have had surgery due to progressive disease and initiation of new anti-cancer m.rapy
#Long-term follow-up planned to be at 3 years, slumqlrommooaodauqorylorEFSmaﬁu‘lheﬁvsldoseddmg’cvos However, Pfizer decided to make a strategic change in the program for BC and decided

not to pursue further development in this setting. The study was closed after all patients completed safety follow-up and EFS/OS was not reached

Litton JK et al, AS

sz Huni | 61
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NeoTALA : pCR rate

100 -
= Evaluable population (N=48)

= |TT population (N=61) - all TNBC

PCR rate (%)*
8 8 8

N
o
L

by ICR by INV
pCR

95%CIt  (32.0-60.6) (36.7-61.6) (32.0-60.6) (35.0-60.1)
80%CIt  (36.4-55.2) (41.0-57.4)
Posterior probability 0.55 0.75
that true pCR rate
exceeds 45%
donomial i N, 1 pumber of gt 1 v s s s por ICRINY pCR rates comparable to those observed with combination

’:mm«ctw-wcu-m using the Blaker's
anthracycline and taxane-based chemotherapy

.
s HUunl | 62

itton JK et al, AS
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Phase Il study of maintenance
olaparib in ovarian cancer: study 19

Patients
Platinum-sensitive high-grade
serous ovarian cancer PFS by RECIST
Secondary endpoints

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

>2 previous platinum regimens

Maintained PR or CR following
last platinum regimen

Primary endpoint

Randomized 1:1

- ™

Study 19: progression-free survival

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

Placebo

° 1.0 7 No. of events: Total patients (%) 60:136 (44.1) 93:129 (72.1)
[
< 097 Median PFS (months) 8.4 4.8
.g 0.8
§ 0.7 4 Hazard ratio 0.35 (95% Cl, 0.25-0.49)
oo
g- 0.6 P<0.00001
& 0 5 -
£ .
@
® 0.4
Qo
‘s 0.3
c
2 0.2 1 .
Eed Randomized treatment
§_ 0.1 4 — Placebo
a 0 T T T T T 1
0 3 6 9 12 15 18
Time from randomization (months)
At risk (n)
136 104 51 23 6 0 0
Placebo 129 72 23 7 1 0 0

Ledermann et al. J Clin Oncol 2011;29 (suppl; abstr 5003); N EnglJ Med. 2012 Apr 12;366(15):1382-92
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Study 19: common adverse events*

Olaparib 400 mg bid Placebo
(n=136) (n=128)

Percentage of Patients

Adverse event Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4
Any event 61 35 70 20
[ Nausea 66 2 35 0 |
[ Fatigue 42 7 34 3 |
[ Vomiting 29 2 13 1 |
Diarrhea 21 2 20 2
Headache 18 0 11 1
Decreased appetite 18 0 13 0
Abdominal pain 16 2 23 3
[ Anemia 12 5 4 1
Dyspepsia 16 0 9 0

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

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

BRCAm (n=136)
Placebo
Events: total pts (%) 46:62 (74.2)
Median PFS, months 43
HR=0.18
95% CI (0.11, 0.31);
P<0.00001

= Olaparib BRCAm
0.2 4 = Placebo BRCAm

Proportion of patients progression-free
o
v
1

0 T T T T 1
0 3 6 9 12 15
Time from randomization (months)
Number at risk

Placebo BRCAm 62 35 13 2 0 0

82% reduction in risk of disease progression or death with olaparib

Mermir
Lid van

Presented by: Jonathan Ledermann et al at ASCO 2013
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Study 19: PFS by BRCAm status

= Olaparib BRCAm
0.2 4 = Placebo BRCAm
= Olaparib BRCAwt

BRCAm (n=136) BRCAwt (n=118)
Placebo Olaparib Placebo
1.0 -4 Events: total pts (%) 46:62 (74.2) 32:57 (56.1) 44:61 (72.1)
g 0.9 Median PFS, months 43 5.6 5.5
T HR=0.18 HR=0.53
2 0.8 1 95% 1 (0.11, 0.31); 95% Cl (0.33, 0.84); P=0.007
g 07 P<0.00001
5
S 064
@
t 0.5 4
2
i 0.4 4
Pres
° 034
c
2
=
]
Q
o
a

01— Placebo BRCAwt
0 T T T T 1
0 3 6 9 12 15

Time from randomization (months)
Number at risk

Placebo BRCAm 62 35 13 2 0 0
Olaparib BRCAwt 57 44 17 9 2 0
Placebo BRCAwt 61 35 10 a4 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

.
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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 now established treatment options for BRCAm breast and ovarian cancer patients

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

s Huni
e g
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Thank you for
your attention
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