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INTRODUCTION

Le cancer de |'ovaire

Ovarian cancer

Fundus

Fallopian tube
Cavity of uterus

Fimbriae

Normal ovary

Endometrium Cancerous ovary

Myometrium

Cervical canal

Incidence: 8/100000

Mortalité: 4,6/100000

3% des nouveaux cas de cancers féminins

4e rang des déces par cancer chez la femme.

Cancer séreux de haut grade (HGSOC)




INTRODUCTION

Les voies de réparation

a : b ~ ] i
Damaging agent Consequences
X-rays .
. . _ ransient,
Oxygen radicals UV light ] X-rays Replication (c.:l;tll-cycle)
Alkylating agents Polycyclic aromatic ~ Anti-tumour agents errors arrest
Spontaneous reactions hydrocarbons (cis-Pt, MMC)
¢ Inhibition of:
« Transcription
| - Replication =3 Apoptosis
» Chromosome (cell death)
$ ¢ /L 4, ¢ segregation
Uracil (6-4)PP Interstrand cross-link A-G Mismatch
Abasic site Bulky adduct Double-strand break T-C Mismatch
8-Oxoguanine CPD Insertion
Single-strand break Deletion
Base-excision Nucleotide-excision ~ Recombinational Mismatch repair Mutations Cancer
repair (BER) repair (NER) repair (HR, EJ) Chromosome | G
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nborn
disease




INTRODUCTION

Les voies de réparation

DNA Damage
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INTRODUCTION

Les voies de réparation

n Population générale | Altération BRCA1 Altération BRCA2 Altération PALB2

21-30 0,7%
31-40 0,5% 20% 9% 4,3%
41-50 1,7% 19% 22% 12%
51-60 2,6% 13% 18% 14%
61-70 3,3% 10% 8% 13%
71-80 3,3% 6% 8% 9%

total 11,5% 72% 69% 53%




INTRODUCTION

Les inhibiteurs de PARP (PARPi)

PARP = Poly (ADP-Ribose) Polymérase : recrutement des systemes de
réparation par excision de base (BER)

Viable cell Viable cell Viable cell Cell death

=> Ciblage des cellules tumorales HRD



INTRODUCTION

Les inhibiteurs de PARP (PARPi)

Olaparib : AMM 2018 pour les HGSOC

Olaparib Placebo
- (n = 260) (n=131)
é Events, No. (%) 135 (51.9) 98 (74.8)
= 100 Median TFST, months 64.0 15.1
® % 90 HR 0.37 (95% CI, 0.28 to 0.48)
i [ab)
O 80 4
E S 70 -
| =
(I E 60 -
@
> L 50 45.3
- 1
S 40+ ; :
% = 30 ; . Olaparib
c 1225 1
L o ! '20.6
] g_ ' ! Placebo
D_ @ 10 = ] 1
m 1 1
-g 1 I [ I I ] 1 1 1 ; I [ I i 1 1 1
w 0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102

Time Since Random Assignment (months)
No. at risk:
Olaparib 260 240 223 203 190 160 147 141 132 125 119 115 111 102 75 31 5 O
Placebo 131 114 79 55 45 39 32 28 26 256 25 24 24 23 18 4 1 0

En traitement de maintien pour les patientes BRCAmut sensibles aux sels de platine



INTRODUCTION

Les inhibiteurs de PARP (PARPi)

BRCAT1

HRD Negative 12%

50%

7% __ Alterations in genes involved
in the HR pathway
26%
Other
HR Genes
7%
HRD from
other causes
24%
HRD Negative HRD Positive



INTRODUCTION

Les inhibiteurs de PARP (PARPi)

~ BRCA1 germline mutations, 8%

Other, 21%
~_ BRCA1 somatic mutations, 3%

Other

(some may be HR deficient
via upregulation of miRNAs
or other mechanisms)

~__BRCA2 germline mutations, 6%

~ BRCA2 somatic mutations, 3%

HR Deficient

_BRCA1 promoter methylation,
10%

NER mutations, 8%

MMR mutations, 3%
-

-~ CDK12 mutations, 3%
~__RAD51C promoter methylation,

2%

———___FA gene mutations, 2%

-

Cyclin E1 amplification, 15%
~~_ Core RAD gene mutations, 1,5%
~__HR DNA-damage gene

mutations, 2%

HR Proficient

1 R
PTEN homozygous loss, 7% ' EMSY amplification, 6%

Possibly HR Deficient
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INTRODUCTION

Les inhibiteurs de PARP (PARPi)

Essai PAOLA-1/ENGOT-ov25
Essai de phase lll randomisée en double aveugle

Olaparib + bevacizumab Placebo + bevacizumab

(N = 255) (N =132)

100 — Events, n (%) 136 (53.3) 104 (78.8)
Median PFS, months 46.8 17.6
90 7 5-Year PFS rate, % 46.1 19.2

80 — HR 0.41 (95% CI 0.32-0.54)

Patients free from disease progression and death (%)

0 12 24 36 48 60 72 80

) Time from randomization (months)
No. at risk

Olaparib + bevacizumab 255 252 242 236 223 214 194 183 165 162 147 143 138 127 123 119 117 112103 79 63 40 31 8
Placebo + bevacizumab 132 129 118 103 91 79 62 52 41 37 34 30 29 25 24 24 21 20 19 15 13 8 6 2

5 3 0
0

En traitement de maintien pour les patientes HRD (GIScore élevé)



LES METHODES

Genetic Promoter
Mutation Methylation

BRCA1/2 Unidentified
Mutation Causes

[ Inability to repair DNA ] MYRIAD

¥ « MyChoiceCDx:

measures a phenotype of genomic instability
: H K associated with HRD
Genomic Instability




LES METHODES

Myriad: MyChoice CDx

0 10 20 30 40 50 60

Loss of
Heterozygosity
(LOH)

60 —

40

10
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Large-Scale
State
Transitions
(LST)

13



100 -

80

60

40

20

Number of Samples

[ﬂ}ﬁ] |

LES METHODES

Myriad: MyChoice CDx

B BRCA intact (n=790)
W BRCA deficient (n=268)

*BRCA deficient = tumor BRCA 1/2-mutated or BRCAT promoter methylated

HRD Negative

HRD Positive

)
ﬂ‘.
=)
=,

[20,25]
[30,35]

[10,15]

[90,95] §
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Genomic Instability Score

14



LES METHODES

Groupe de travail GGC GFCO

Approches pour la recherche d’instabilité génomique.

sSWGS V2 sWGS France via Curie Académique Cohorte ENGOT-PAOLA-1 Favorable
Algorithme

GIScar Panel de genes France via centre Académique Cohorte ENGOT-PAOLA1 Favorable [10]
Algorithme Baclesse

SOPHIA sSWGS France Commercial Cohorte ENGOT-PAOLA1 Favorable [11]

DDM HRD Solution Panel de genes
Algorithme

Thermo Fisher SNP-array France Commercial Cohorte ENGOT-PAOLA1 Favorable [12]

OncoScan Algorithme

Myriad MyChoice Panel de genes Etats-Unis Commercial Cohorte ENGOT-PAOLA1 Favorable
Algorithme Dijon

SeqOne sWGS France Commercial Cohorte ENGOT-PAOLA1 Favorable
Panel de génes
Algorithme

llumina Panel de genes France Commercial Pas d’évaluation En cours

TS0500 + HRD Algorithme

AmoyDx Panel de genes France Commercial Pas d’évaluation En cours

HRD Focus Algorithme

15



Les commerciales

Approches pour la recherche d’instabilité génomique.

LES METHODES

sSWGS V2 sWGS France via Curie Académique Cohorte ENGOT-PAOLA-1 Favorable
Algorithme

GIScar Panel de genes France via centre Académique Cohorte ENGOT-PAOLA1 Favorable [10]
AW Rylnccn

SOPHIA sSWGS France Commercial Cohorte ENGOT-PAOLA1 Favorable [11]

DDM HRD Solution Panel de genes
Algorithme

Thermo Fisher SNP-array France Commercial Cohorte ENGOT-PAOLA1 Favorable [12]

OncoScan Algorithme

Myriad MyChoice Panel de genes Etats-Unis Commercial Cohorte ENGOT-PAOLA1 Favorable
Algorithme Dijon

SeqOne sWGS France Commercial Cohorte ENGOT-PAOLA1 Favorable
Panel de génes
Algorithme

llumina Panel de genes France Commercial Pas d’évaluation En cours

TS0500 + HRD Algorithme

AmoyDx Panel de genes France Commercial Pas d’évaluation En cours

HRD Focus Algorithme
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LES METHODES

ThermoFisher Oncoscan

A B _
Doublings
0o
o
E £ 0
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0 25 50 75 100
LST + LOH + TAl

BCSS

Name

0.5 A —a— LST+ LOH + TAl

—&— nLST (norm by average CN)
—#— nLST (norm by estimated WGD)
0.4 4 —a— nLST (norm by ploidy}

0.5 0.6 0.7 08 0.9 1.0
BRCA Detection Rate
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LES METHODES

[l lumina TSO500 - HRD

Genomic scar

Description

Loss of heterozygosity
(LOH)

One of the two alleles for a gene is lost, creating a ho-
mozygous cell. This may result in malignant cell growth
if the remaining allele does not function properly.

!
l

Telomeric-allelic
imbalance (TAl)

The allele ratios at the end of the chromosomes
(telomere) in a pair do not match. That is, one chromo-
some has a greater number of alleles than the other.

Large-scale state
transitions (LST)

Breakpoints between regions of the chromosome
resulting in discrepancies within the chromosome pair.

TruSight Oncology 500 HRD GIS

Rz =0.98 .
75 4 vl ‘
L]
- - .5 '.-
504 % =
- ‘I.
-y o;‘.:
. .ﬂ. L ) -
25+ 2 "‘.‘h:
e
H -
0
0 25 50 75

Myriad Genetics GIS

Grand panel de genes — calcul d’'un GIScore basé sur les 3 marqueurs d’instabilité
génomique (LOH, TAI, LST)
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Chromosome

LES METHODES

SOPHIiA DDM HRD solution

BRCA1 mutated

BRCA2 mutated

BRCA WT - HRDetect + 1 =15
1
3
N
BRCAWT - HRDetect - [E== = gos
— — ] : 2
1
e —
12 13 14 15 16 17 18 19202122
Chromosome #
Feature extraction " Classification ——

&

48 features are Fully
Convolution +  Convolution + Relu  Pooling Convolution + Relu  Pooling flatten into connected
Batch normalisation 1D vector layer
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Gene Panel
BRCA status

Shallow WGS
Genomic instability

LES METHODES

SegOne

BRCA1/2 pathogenic variants

Automatic variant calling and prediction of ACMG classes

Loss of Parental
Copy

HRD morker

Genomic Instability

Amplification

CNV

Large Scale Gene Copy
Genomic Number
Alterations variation

HRD marker

BRCA
Mutation

if HRD probability

250% —

if HRD probability
<50% —
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LES METHODES

Les académiques

Approches pour la recherche d’instabilité génomique.

sSWGS V2 sWGS France via Curie Académique Cohorte ENGOT-PAOLA-1 Favorable
Algorithme

GIScar Panel de genes France via centre Académique Cohorte ENGOT-PAOLA1 Favorable [10]
Algorithme Baclesse

SOPHIA SWGS France Commercial Cohorte ENGOT-PAOLA1 Favorable [11]

DDM HRD Solution Panel de genes
Algorithme

Thermo Fisher SNP-array France Commercial Cohorte ENGOT-PAOLA1 Favorable [12]

OncoScan Algorithme

Myriad MyChoice Panel de genes Etats-Unis Commercial Cohorte ENGOT-PAOLA1 Favorable
Algorithme Dijon

SeqOne sWGS France Commercial Cohorte ENGOT-PAOLA1 Favorable
Panel de génes
Algorithme

llumina Panel de genes France Commercial Pas d’évaluation En cours

TS0500 + HRD Algorithme

AmoyDx Panel de genes France Commercial Pas d’évaluation En cours

HRD Focus Algorithme
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LES METHODES

Utilisation d’'un grand panel de 127 genes impliqués dans la recombinaison
homologue.
3 scores sont calculés a partir de I'output de CNVKkit:

nLGE = n (VSegment e{l;>8 MbN |s; — ¢;_1|<70 MbN CN,-#CN,-_I})

i=2
n
li

SIS = > |log,Ri| x :
i (CN w2} Chromosome size

l;
Chromosome size

Al = [0.5— BAF;| x
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LES METHODES
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LES METHODES

shallowHRD
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LES METHODES

shallowHRD

022D01062-Runll

022D01933

CNA
shallow

Segment
error

9 10 11 12 13 14 15 16 17 1819202122 X

a 10 11 12 13 14 15 16 17 1819202122 X

CNA
shallow

CNA |
normalized "

Segment
error

9 10 11 12 13 14 15 16 17 1819202122 X

9 10 11 12 13 14 15 1617 1819202122 X

I I T
30000 40000 50000

Summary Homologous Recombination Deficiency

I I T
30000 40000 50000

Summary Homologous Recombination Deficiency

HRD status = nonHRD
SCORE = 10
CCNE1/HER2 Not altered
shallowWGS coverage 0.695
Tumor content High

Noise level Moderate

WARNING: COVERAGE IS LESS THAN OPTIMAL

Error rate <5% in 1000 samples

SCORE>20 -> HRD / SCORE<20 -> nonHRD
+++ amplified; +/++ gain. If +++ nonHRD
< 0.5 Low coverage / > 1 Optimal coverage
High / Average / Low / No tumor

Low / Moderate / High / Extreme high

HRD status = HRD
SCORE = 30
CCNE1/HER2 Not altered
shallowWGS coverage 0.928
Tumor content High

Noise level Moderate

WARNING: COVERAGE IS LESS THAN OPTIMAL

Error rate <5% in 1000 samples

SCORE>20 -> HRD / SCORE<20 -> nonHRD
+++ amplified; +/++ gain. If +++ nonHRD
< 0.5 Low coverage / > 1 Optimal coverage
High / Average / Low / No tumor

Low / Moderate / High / Extreme high
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SCORE HRD EN ROUTINE HOSPITALIERE

Panel capture / HRD

ADN amplifié pré capture

Séquencage
Préparation librairie -

capture

8 shallowHRD sur une cassette mid output NS500/550
64 capture

3 types d’ échantillons:

Sans suffixe pipeline capture seul

« -all » pipeline capture + HRD

« -HRD » pipeline alignement + HRD

26



SCORE HRD EN ROUTINE HOSPITALIERE

Retour d’XP

~150 patientes HGSOC 51% 49%

~75 patientes HRDpos 19% 81%

27



CONCLUSION & PERSPECTIVES

CONCLUSION

Approches pour la recherche d’instabilité génomique.

SWGS V2 SWGS France via Curie Académique Cohorte ENGOT-PAOLA-1 Favorable
Algorithme

GIScar Panel de génes France via centre Académique Cohorte ENGOT-PAOLA1 Favorable [10]
Algorithme Baclesse

SOPHIA sWGS France Commercial Cohorte ENGOT-PAOLA1 Favorable [11]

DDM HRD Solution Panel de génes
Algorithme

Thermo Fisher SNP-array France Commercial Cohorte ENGOT-PAOLA1 Favorable [12]

OncoScan Algorithme

Myriad My Choice Panel de génes Etats-Unis Commercial Cohorte ENGOT-PAOLA1 Favorable
Algorithme Dijon

SeqOne SWGS France Commercial Cohorte ENGOT-PAOLA1 Favorable
Panel de génes
Algorithme

lllumina Panel de génes France Commercial Pas d’évaluation En cours

TS0500 + HRD Algorithme

AmoyDx Panel de génes France Commercial Pas d’évaluation En cours

HRD Focus Algorithme
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CONCLUSION & PERSPECTIVES

PERSPECTIVES

Autres tissus:
- Sein
- Pancréas
- Endometre
- Poumon

o

601 p = 0.00924

S
— —
8

o o

(o]

g o 2

a) o4

o T

20- . -
°®
P-value=0.019 °
3 rho=-0.69
MPR Non-MPR 0% 2% <10% 30% >=50% 60% >80%

Viable tumor cells
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