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Cancer is a multi-step disease
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Genetic instabilities in human
cancers

Christoph Lengauer, Kenneth W. Kinzler & Bert Vogelstein

Whether and how human tumours are genetically unstable has been debated for decades. There is now evidence that
most s may be g , but that the instability exists at two distinct levels. In a small subset
oftumours, the instability is observed atthe nucleotide level and results in base substitutions or deletions or insertions
of a few nucleotides. In most other cancers, the instability is observed atthe chromosome level, resulting In losses and
gains of whole orlarge p , ionand parison of these instabilities are leading to

new insights into tumour pathogenesis.
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Cancer genetics : a continuous process
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Cancers are genetic diseases

« The neoplastic phenotype is heritable

— Virchow — 1858 — « omnis cellulae cellula » (every cell arises from a cell)
— David van Hansemann - 1890 — abnormal mitosis in tumor cells
— Theodor Boveri - 1914 — First modern theory of cancer genetic :
« ...tumor growth is based on ...a particular, incorrect chromosome
combination which is the cause of abnormal growth characteristics
passed on daughter cells » Zur Frage der Entstehung Maligner

Tumoren.




Mecanisms of alterations
in human tumors

Oncogenes

» Activating mutations
 Gene amplifications

« Translocations
e Insertions (virus, ALU, HERV..)

Tumor suppressor
genes

« Inacativating mutations

» Deletions (+/- larges)

« Epigenetic alterations

* Insertions (virus, ALU, HERV..)




The anti-oncogenes or
Tumor Suppressor Genes

Hereditary factors of cancer : 1=
the tumor suppressor genes k

* Broca - 1866 : Breast cancer families

» Harris - 1969 : Recessive properties of cancer

« Knudson - 1971 : "two-hit hypothesis"

« Comings - 1973 : Hypothesis of recessive mutations of the same locus
» Wilson et al - 1973 : 13q14 deletion and hereditary retinoblastoma

* Cavenee etal - 1983 : LOH in 13q

* Friend et al - 1986 : Identification of RB1




oncogenes and Tumor Suppressor Genes converge in biologic pathways

receptor
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QUESTION ?
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Hallmarks of Cancer: The Next Generation
Douglas Hanahan, Robert A. Weinberg
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Two different flavors of tumor suppressor genes

Caretakers :

Control fidelity of DNA replication,

maintenance, repair, correct cell division,

etc.

If inactivated,

= increased rate of mistakes in DNA
processing

= faster evolution to malignancy

Recessive : 2 alterations are needed

Pz L
e, i y
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Gatekeepers:

"brakes" inhibiting cell growth and
division

RB1, CDKNZ2A, ...

Recessive : 2 alterations are needed

Anomalies of DNA repair leads t
*Senescence

*Apoptosis
*Cancer




DNA DAMAGE REPAIR pathways

SINGEL STRAND BREAKS -REPAIR (SSB-R)

BER (Base Excision Repair)
NER (Nucleotide Excision Repair)

DOUBLE STRAND REPAIR (DSB-R)
NHE] (Non-Homologous End-Joint)
MME] (Micro-homologous End-Joint)

HR (Homologous Recombination)

MISSMATCH RECOMBINATION REPAIR (MRR)




DNA REPAIR PATHWAYS

Exogenous factors:

- « UV radiation
 Ionizing radiation
* Genotoxic chemicals
X-1ays X
Oxygen radicals UV kight _ Aays Replcaion
Alkylating agents  Polycyclic aromatic  Anti-tumour agents g:f,,,, Endogenous factors:
Spontancous reactions  hydrocarbons (eis-Pt, MMC) .

Spontaneous or enzymatic reactions
Chemical modifications

Replication errors

Replication stress

Uracil G-app interstrand cross-link A-G Mismatch
Abasic site Bulky adduct Double-strand beeak T-C Mismatch
8-Oxoguanine CPD Insertion
Single-strand break Deletion
Base-excision Nucleotide-excision  Recombinational Mismatch repair
repair (BER) repair (NER) repair (HR. EJ)

Singel Strand Repair




QUESTION? Base/ Nucleotide

Nucleotide: Base+ sugar+ Phosphates
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' L]
X-rays
Oxygen radicals UV ight  X-rays
Alkylating agents  Polycyclic aromatic  Anti-tumour agents
Spontancous reactions  hydrocarbons (cts-Pt, MMC)

v

Repicaion

errors

Uracil
Abasic site
8-Oxoguanine
Single-strand break

v

Base-excision
repair (BER)

G-aPp interstrand cross-link
Bulky adduct Double-strand break
CPD

Y

Nucleotide-excision | Recombinational
repair (NER) repair (HR. EJ)

A-G Masmatch
T-C Mismatch
Insertion
Deletion

Y

Mismatch repair




DSB repair

» Non Homologous End Joining (NHEJ)
* Alternative End Joining (AltEJ) / Microhomology-Mediated End Joining (MMEJ)
* Homologous Recombination (HR)

DSB Damage

U
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Recognition of DNA Damage
(ATM, MRN, phosphorylation of H2ZAX)
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Consequences of DNA double-strand breaks (DSB)

a Normal diploid genome b MNormal diploid genome
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DDR defects in human pediatric diseases

lonizing radiation

MRE11 : ATLD

- ATM : Ataxia-telangiectasia
NBN : Nijmegen Syndrome

CHEK?2 \
BRCA2, BRIP1, PALB2, RAD51C : Fanconi anemia
CHEK2 : \, vs) vs)
Variant of Li Fraumeni syndsdme BRIP1 g g
2R

TP53: Li Fraumeni syndrome —
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DDR defects in human pathologies

Germline

2nd event

1st avant

Genetic
instability

Genetic
instability
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Homologous Recombination
Key roles of the main breast/ovarian susceptibility genes
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Synthetic letality

DSB Damage

.
|

Recognition of DNA Damage
(ATM, MRN, phosphorylation of H2AX)
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Synthetic letality

DSB Damage
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Synthetic letality

DSB Damage
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Recognition of DNA Damage
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Why it is important to identify BRCAness/HRD ?

PREDICTIF FACTOR ( Biomarker for targeted therapy / Synthetic Lethality)

Specific killing of BRCA2-deficient tumourswith
inhibitor s of poly(ADP-ribose) polymerase.
Bryant et al. Nature. 2005;434:913-7.

4286 citations

Targeting the DNA repair defect in BRCA mutant
cellsasa therapeutic strategy.

Farmer et al. Nature. 2005;434:917-21

4323 citations

The DNA damage response is an

early ever

At tum




Homologous Recombination Deficiency:
Therapeutic Relevance

+*" PARP Mechanism of Action

PARP

RN

Singlestrand break

PARP inhibitors l

Double-strand breaks
|

Y Y

Deficient Cell
Repair by No homologous
homologous recombination
recombination No repair

DNA repaired

RO RGN ROV

Cell survival Cell death DNA repaired




Single-strand break

v

DNA repair

SSB persisf

PARP(-) PARP(-)
BRCA(+) BRCA(-)
Complex
rearrangements
v l Rodon et al, Expert
inion 2009
DNA repair  Celldeath o



HRR Defect (HRRd) Biomarker?

* PROGNOSTIC BIOMARKER ?
* Prediction of survival (PFS/OS/Risk) but not of a treatment

 PREDICTIVE BIOMARKER ?

* Prediction of sensibility/resistance to a treatment

- BOTH

* Predictive Risk of Hereditary Cancer
* Predictive for PARPi therapy




HRR- D Type cancers

BREAST

OVARIAN

PROSTATE

PANCREAS

Other cancers have HRR-D




Cumulative risk

Cumulative risk

EMBRACE

. PROGNOSTIC FACTOR /HEREDITARY OF CANCER

Breast cancer
== === (Ovarian cancer

-— — — Caontralateral breast cancer B RCAl

1.0+
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0.8
0.7+
06 4
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0.3 1
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0.0+

Cumulated risk at 70y
Breast K : 60%

Breast controlateral K : 83%
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Breast cancer
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051 Breast controlateral K : 62%
Ovarian K : 16%

04+
0.3+
0.2+
0.1+
0.0+

20 25 30 35 40 45 50 55 B0 65 0 V5

Age (years) Mavaddat et al. INCI, 2013




Inherited Gynecologic Tumors: Hereditary

Breast and Ovarian Cancer Syndrome

Syndrome Gene Incidence Cancers
Hereditary BRCA1 1/300-800 Breast, ovary, melanoma,
breast and BRCAZ Ashkenazi: 1/40 | prostate, pancreatic
ovarian cancer
syndrome
Hereditary RAD51C Unknown Ovary
ovarian cancer | RAD51D
syndrome BRIP1
Lynch MLH1 1/660-2000 Uterine, colon, ovary, pancreatic,
syndrome MSH2 gastric, small intestine, central
MSHE nervous system, renal,
PMS2 sebaceous
EPCAM
Cowden PTEN 1/200,000 Breast, uterine, thyroid, colon,
syndrome renal, sebaceous
Li-Fraumeni P53 Unknown Sarcomas, breast,
syndrome (LFS) adrenal, brain, lung, endometrial
Peutz-Jeghers | STK11 1/25,000- Gastrointestinal, breast, ovarian,
300,00 sex cord stromal, uterine,

cervical (adenoma malignum)

Obstet Gynecol Clin North Am. 2018 Mar;45(1):155-173.




HRR-D BREAST CANCER

BRCA1/2 are tumor suppressor genes

— d
@ = _— BRCA1/2 proteins involved in
b/@n o —~  DNAds break repair
O P:‘WBR;AIID.. p1 ] — e
i BL:rc: seeesana— \utations in these genes cause
@ T 75% to 80% of hereditary breast cancer
fisoksiond — 5% to 10% of all breast cancer

Dos Santos et al. Int J Mol Sci. 2020 Jun; 21(11): 3850.




HRR-D BREAST CANCER

Predicting Response to PARP Inhibition

In January 2018, FDA approved olaparib (PARP inhibitor) for the
treatment of patients with germline BRCA-mutated (gBRCAm), HERZ2
negative metastatic BC

-failed prior chemotherapy

FDA approved Companion Dx (Myriad)
--Single-nucleotide variants and small insertions and deletions
|dentified by PCR and Sanger sequencing
--Large deletions and duplications detected using multiplex PCR

www.myriad.com




HRR-D BREAST CANCER

A Progression free Survival
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(% The NEW ENGLAND
./ JOURNAL of MEDICINE

ORIGINAL ARTICLE

Olaparib for Metastatic Breast Cancer in Patients with a Germline
BRCA Mutation

Mark Robson, M.D., Seock-Ah Im, M.D., Ph.D., Elzbieta Senkus, M.D., Ph.D., Binghe Xu, M.D., Ph.D., Susan M. Domchek, M.D.,
Norikazu Masuda, M.D., Ph.D., Suzette Delaloge, M.D., Wei Li, M.D., Nadine Tung, M.D., Anne Armstrong, M.D., Ph.D., Wenting

Wu, Ph.D., Carsten Goessl, M.D., et al

4 3322

Phase Il trial that randomized 302 pts
with gBRCAm, HER2- met BC to olaparib
vs physician’s choice of chemotx

median PFS was significantly longer with
olaparib monotherapy than with standard

chemotherapy (7.0 vs. 4.2 months)

Robson et al, N Engl ] Med 2017; 377:523-533




HRR-D BREAST CANCER

Interesting Question
What about patients with somatic mutations?

e Does a somatic mutation in BRCA1/2 also predict response to
PARP inhibition?

* Prior studies in Ovarian Cancer showed response to PARPi in both germline and
somatic BRCA-mutated cancers

* somatic BRCA1/2 mutations are present in ~¥3% of breast cancers

e Recent phase Il study has shown that PARP inhibition is an
effective treatment for patients with metastatic BC and somatic
BRCA1/2 mutations

Tung et al. TBCRC 048. J Clin Oncol 38: 4274-82, 2020.




OVAIRAN CARCINOMA

High Grade Serous Ovarian Carcinoma

P53 OB R RO 11 -

BRCA l

RB1 | 1]
coriz || I
NFY | II I ]

BRCAZ | |

Significantly mutated genes in HGS-OvCa

e TP53 96%
* BRCA1, BRCA2 11-12%
* NF1 4%
* RB1 2%
5 Numerous copy
* CDK12 3% number alterations
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Nature. 2011 Jun 29;474(7353):609-15.




OVAIRAN CARCINOMA

High Grade Serous Ovarian Carcinoma: Homologous
Recombination Deficiency

C

HR alterations

BRCA altered cases, N = 103 (33%)
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Nature. 2011 Jun 29;474(7353):609-15.




OVAIRAN CARCINOMA

High Grade Serous Ovarian Carcinoma:
Molecular / I\/Iorphologlc Correlat|on
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Solid seudo-Endometrioid Transitional
Histotype HR BRCA1/2 Non-BRCA HR
High-grade serous carcinoma (n=138)  45% 25% 10%  ATM (6), BRIP1 (5), FANCC, FANCE, FANCG
Classic (n=40) 28% 8% 8% ATM, FANCC, FANCE
Non-classic (n=40) 70% 45% 10%  ATM (2), BRIP1 (2)
Endometrioid carcinoma (n=12) 25% 0% 25%  ATM (2), RAD21
Clear cell carcinoma (n=10) 30% 20% 10% ATM
Low-grade serous carcinoma (n=7) 0% 0% 0% . )
Mucinous carcinoma (n=4) 25% 25% 0% Mod Pathol. 2016 Aug;29(8):893-903,

Mod Pathol. 2012 Apr;25(4):625-36. | ‘
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OVAIRAN CARCINOMA

Endo- Clear

. NON-Serous Ovarian Carcinomas

Mod Pathol. 2016 Aug;29(8)
. : ,



OVAIRAN CARCINOMA

Homologous Recombination Deficiency: Predict Response to
PARP Inhibitors

ARIEL2 Study: Rucaparib
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Reprinted from Lancet Oncol, 18, Swisher EM, et al., Rucaparib in relapsed, platinum-sensitive high-grade ovarian
carcinoma (ARIEL2 Part 1): an international, multicentre, open-label, phase 2 trial, 75-87., Copyright 2017, with
permission from Elsevier.; Hollis RL, et al. Concer Biol Med. 2016;13:236-247.
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PROSTATE CARCINOMA

The Genomic Landscape ot the SU2C-PCF mCRPC Cohort
FUN PO TR WP TPy oy Ll o g Taca I Rae .
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*D.n..F.,b... Cancer Insthute Robinson D, Van Allen EM, et al. Cell. 2015 May 21;161(5):1215-1228.



BRCAZ2 is the most common HRRm in prostate cancer and
~50% are derived from germline origin'-°

Prevalence of tumour HRRm identified from screened mCRPC population in Prevalence of germline HRRm in patients
PROfound [N=2,792 patients successfully sequenced)? with early or advanced prostate cancer

BRCAZ only; 8.7%

Prevalence range

CDK12 only: 6.3% BRCA23# 3.553%

0.9-1.3%
0.3-2.0%

PALEBZ2%5€ 0.4-0.6%

CHEKZ only; 1.2%
PPP2R2A only; 1.0%

i Co-occurring genes; 2.1%
Mo HRR gene alterations

detected; ~72.1%
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Tumour testing detects both somatic
and germline variants

ure aoapbed from oe Bond J et all Son Orscal 20139

HRAR=homicdogou s recoemibiration mepair; HARmshormalogows recombdnation repair mutatior; ms APC=metastatic cstrabion-resstant prosiate cancer.
HSe ot B

o



PROSTATE CARCINOMA

The NEW ENGLAN D
JOURNAL of MEDICINE
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DNA-Repair Defects and Olaparib in Metastatic Prostate Cancer

Response to Olaparib
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Mateo J, et al. N Engl J Med. 2015 Oct 29;373(18):1697-708.



PROfound — Study Design

Key eligibility criteria

+* mCRPC with
disease progression
on prior NHA, eg
abiraterone or
enzalutamide

= Alterations in =1 of
any qualifying gene
with a direct or
indirect role in HRR*

Stratification factors
« Previous taxane
« Measurable disease

Cohort A:
BRCAT, BRCAZ or ATM
N=245

2:1 randomization
Open-label

Cohort B:
Other alterations
N=142

Olaparib 300 mg bid
n=162

—

fsmammmram

Physician’s choicet
n=83

II

Upon BICR progression,
physician’s choice patients were
allowed to cross over to olaparib

Olaparib 300 mg bid

e e

I
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Physician’s choice?
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PROSTATE CARCINOMA

Primary Endpoint

Radiographic progression-free
survival (rPFS) in Cohort A
(RECIST 1.1 & PCWG3 by BICR)

Key Secondary Endpoints

= rPFS in Cohorts A+B

= Confirmed radiographic objective
response rate (ORR) in Cohort A

« Time to pain progression (TTPP)
in Cohort A

« Overall survival (OS) in Cohort A
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Months since Randomization

No. at Risk
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Value at
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Probability of Imaging-Based
Progression-free Survival
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33 26 17 11
15 11 9 6

w
—
co

Months since Randomization

No. at Risk
Olaparib 256 239 188 176 145 143 106 100 67 63 48 43 31 28 21 11 1l
Control 131123 73 67 38 35 20 19 9 & 5 5 5 3 3 2 2
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0
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):2091-2102.

Median
mo
Olaparib 58
Control 35
Hazard ratio for progression

or death,
0.49 (95% C1, 0.38-0.63)
P<0.001

Gene alteration

An investigational Clinical Trial Assay, based on the FoundationOne® CDx next-generation sequencing test BRCAI — 0.41 (0.13-1.39)
Jeveloped in partnership with Foundation Medicine Inc, and used to prospectively select patients harboring alterations in BRCA1, BRCA2, ATM, BRGAZ . 0.21 013:-0.92)
3ARD1, BRIP1, CDK12, CHEK1, CHEK2, FANCL, PALB2, PPP2R2A, RAD51B, RAD51C, RAD51D and/ or RAD54L in their tumor tissue AT [ EAISEEA
CDK12 —e 0.74 (0.44-1.31)
s N , " . : . . CHEK2 —_— 0.87 (0.23-4.13)
Bﬁgglz?ndigho:e of Zuther enzal;:tarplde (160 mg qd) or abiraterone (1000 mg qd + prednisone [5 mg bid]) PPaRaA (excluded from FDA label) ; S8 (AL
, blinded independent central review o o : 033 (0.05-2.54)

0‘66 0.‘25 l.E)O 4}00 16:00

Dana-Farber cancer Institute de Bono J, et al. N Engl J Med. 2020 May 28;382(22):2091-2102. Olaparib Better ~ Control Better

de Bono J, et al. N Engl J Med. 2020 May 28;382(22):2091-2102.




PROSTATE CARCINOMA

TRITON2: A Phase 2 Study of Rucaparib in Patients with Metastatic Non-BRCA DNA Damage Repair Gene Alterations and
Castration-Resistant Prostate Cancer (mnCRPC) Associated with Response to the Rucaparib: Analysis From the Phase Il
Homologous Recombination Repair (HRR) Gene Alterations TRITON2 Study
Ziggr:;}i Zetsetr g?::?:zgg)m Baseline in PSA in Rucaparib-Treated Patients with a
1:3: ESMO 2018 EEE%%Z =£HGA ESMO 2019 ;gﬁgfglr:;i:gc;yesponse E E‘:Qé §G§i:€
et | <l i:8833822584
§ o : i 7" e A > = PR (11 3¢ mo sl omel FANCA
N z IIII.&«: a s HEE pe - — Pt PR (1.9+ mo); PSA respanse (5.6+ ma) RAD5 18
§ a0 H Il L @ X PR (3.9+ mo); PA response (31 mo) PALB2
) 0. o o,"o‘ Il " 4 i P - | 5
-80 °°°°5"+5»...‘.+. R X
] o sujs: (?ermh‘r;e Somatic Measurable disease: ¥ Yes | No : - : &7 M ;“_'“‘ B |
T e Cretmmie S e 'S W skt e kol o s e 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2
“ L L b e i e o

Germline/somatic status: Germline = Somatic = Unknown

Table 4. Clinical Benefit Rates in Rucaparib-Treated Patients? Zygosity: B, biallelic; M, monoalielic; U, unknown

UDR aene Timeonstudy =~ — Response period A Radiographic response start A PSA response start
DR AIM it S Sy Ongoing on study x PFS event -» Radiographic response ongoing —» PSA response ongoin
6 mo, niN (%) 47/84 (56.0) 14/48 (29.2) 3114 (21.4) 213 (66.7) 6/12 (50.0) : :
[95% C1) [44.7-66.8]  [17.0-44.1] [4.7-50.8] (9.4-99.2] [21.1-78.9) @ Radiographic response end ® PSA response end
12 mo, n/N (%) 13153 (24.5) 2125 (8.0) 1114 (7.1) 0/1 (0) 319 (33.3)
[95% CI] [13.8-38.3) [1.0-26.0] 0.2-33.9) [0.0-97.5] [7.5-70.1]

Visit cutoff: 02 Jul 2019
"Ciinical benefit rate was the proportion of patients without radkographic progression per modified RECIST/PCWG3 cntenia (per investigator assessment) who were

ongoing with treatment through the indicated time interval.

CI, confidence interval, DDR, DNA damage repair; PCWG3, Prostate Cancer Clinical Trials Working Group 3; RECIST, Response Evaluation Criteria In Solid Tumors

version 1.1 w#=Dana-Farber Cancer Institute Abida W, et al. Clin Cancer Res. 2020 Jun 1;26(11):2487-2496.
L}




PROSTATE CARCINOMA

PARP inhibitors - Conclusions

Approved by the US Food and Drug Administration in May 2020

« Olaparib - mCRPC patients (post AR-directed therapy) with
deleterious or suspected deleterious germline or somatic
homologous recombination repair gene mutation

« Rucaparib - mCRPC patients (post AR-directed therapy AND
taxane) with deleterious germline or somatic BRCA gene mutation

 Clear benefit to patients with mutations in BRCAZ (and likely BRCAT)
« Unclear benefit in patients with mutations in ATM, CHEKZ2, CDK12

« 7 Benefit in patients with mutations in genes canonically involved in HR
(PALB2, FANCA, RAD51C/D, RAD52, RAD54L)




PANCREAS CARCINOMA

# mutations/Mb

S - N W A ®

Pancreatic adenocarcinoma landscape

@ Synonymous B Non synonymous

Histological type @ Ductal adenocarcinoma & Adenosquamous
vital status @ Alive ® Deceased

Margin status

oMo

Anatomic subdivision | ® head O tail or bodym other
Tumor purity I I @ High_Purity@ Low_Purity

KRAS  93% ]

TP53 2% AN RN R R "

CDKN2A 30% wasmmismiassisssi | P N L AN SCLLE IR T | | -

SMAD4 32%mm| || i | 1 [ i T Significantly mutated genes
RNF43 7% /i : ; P [
ARID1A 8% 1 nn " 1 1 2 4 8 & 1w

TGFBR2 5% ' m i Significance

GNAS 8% i s i " " (-log10(g) values)
RREB1 5% L L mn 1

PBRM1 4% " i Vs

TCGA. 2017, Cancer Cell 32, 185—-203.




PANCREAS CARCINOMA

Homologous recombination deficient and germline mutations in PDAC
HR deficiency signature in metastatic PDAC

# of Mutations | ’0—10 .25—50 .75—100 .125—150 .175—206.89

Assigned to signatures | |10-25 [Jffso-75 [Jf100-125 [frs0-175

Aging

APOBEC

HR-deficiency

APOBEC

Unknown

| 10 v |

Rate of germline path/likely path alterations in PDAC patients Germline BRCA1/2 mutant PDAC >

20

2019
Olaparib approved for germline BRCA1/2
' mutant metastatic PDAC that has not
progressed on first-line platinum-based
. l chemotherapy (POLO trial)

Yurgelun  Aguirre 2018 Lowery 2018 Hu 2018 Hu2018 Brand 2018 Bannon 2018 Dudley 2018 LaDuca 2020 H i
2018 (n=289)  (n=71) (n=1615)  (n=1652)  (n=3030) (n=298) (n=132) (n=1296)  (n=2046) NCCN repommends g_ermlme teStlng for all
pancreatic cancer patients.

o

w

Aguirre AJ, et al. Cancer Discov. 2018;8(9):1096-1111. Golan T, et al. N Engl J Med. 2019;381:317-27.




CONCLUSION HRR-D Biomarkers
TODAY

Prognostic Biomarker / Risk Hereditary Cancer
Germline BRCA1/2
High Risk patients: Breast /Ovarian / Prostate/ Pancreas
Predictive Biomarker (Reimbursement for PARPi)

Somatic/Germline BRCA1/2

Metastatic Castration Resistant Prostatic Cancer

Germline BRCA1/2
Metastatic Breast Cancer (HER2 negative)
Metastatic Ovarian Cancer (High grade)

Metastatic Pancreas (Castration Resistant)




ANOMALIES DETECTIONS (DDR Biomarker)

DNA RNA PROTEINE
Amplifications RNA quantity Protein Quantity
Translocations Alternative Transcripts Protein Activity
Mutations

| N | 4
CGH RT-PCR Wester-Blot
FISH Transcriptional chip Immunohistochemistry

DNA seq RNA seq Enzymatic Activity




HRR -D Biomarker TEST

Homologous Recombination Deficiency : Biomarkers

Germline

non-BRCA1/2

HR pathway
mutations

Gene
expression
signatures of
‘BRCAness’

Germline
BRCA1/2
mutations

|

Homologous
recombination
deficiency
biomarkers

e

[\

Genomic scars

(LOH, TAI,

Mutational
signatures

LST)

Somatic
HR pathway
mutations

Functional
HR assays




HRR -D Biomarker TEST

Homologous Recombination Deficiency Scores
Cc HRD-LOH

8

>15Mb —> |]

A NtAl

extends {o
telomere

o

B LST

>10Mb < 8

Number of Telomeric Allelic
Imbalances

U

U

Large Scale Transition

HRD-Loss of
Heterozygosity

NtAl LST

29 23

21

HRD-LOH

 All 3 signatures are defined differently, although there is some

overlap

 All based on assumption that the measures are proportional to the
number of times a tumor experienced error-prone DNA repair

Marquard 2015 et al.




RAD51predict: Multiplexed IF functional test for HRD

« RADS1predict »

Elisa Yaniz
Felix Blanc-Durand
Etienne Rouleau

Triple multiplexed IF (gH2ax/Gem/RAD51)

Identify tumors with DSB, cells in S phase incapable of
recruiting RAD51 (HRD)

Evaluated in clinical trial of neoadjuvant platinum (N=150pts)
Correlated to

— platinum response (surrogate for HRD)
— mutations in BRCA and other HR genes

Results will be presented ASCO 2021

HRR -D Biomarker TEST

GUSTAVE/ :
ROUSSY Next step (ongoing),
emeercanus [\ Evaluation of « RAD51predict » in phase lll

randomized PAOLA trial

Stage III/IV ovarian
cancer PARPi x 2 yrs

Completed surgery
and post op
platinum chemo Placebo x 2 yrs

N=800

* Validate in 600 tumors in RP3T PAOLA ola vs placebo
* Correlate to Myriad HRD test

* Evaluate predictive value for PARPi benefit

« RADS1predict »

Elisa Yaniz

‘h/;;i,"([) 18 Leiden University

C Medical Center




Challenges in BRCA
mutation testing

NGS Testing of tumor tissue to
detect targetable somatic variants

}

’ Possible germline variant is flagged ‘

Pathogenic - Benign
Likely benign

Likely pathogenic
I Many patients are tested initially because of family
‘ Variant classification ‘ hx/high-risk
/ \ Others are not tested until a possible germline
variant is identified by somatic mutation testing

Strong family history
Known high-risk

l

Genetic counseling
Consent

Blood sample
Germlimla testing

HRR -D Biomarker TEST
Gold standard NGS BRAC anomalies

Challenges in BRCA

mutation testing BRCA mutation types and

technologies

19, s 22
18, R / 23
L it i ”\,\_ﬂ I 3 broad classes of sequence
é1?167.81|‘= = - 13~ J‘Sw - Hu:iz:”‘{ changes:
| | SNVS
Hec:rre':‘tlarr\e-shlllol nonsense mu!allo’?\onrefu"em T H H H
| i insertions/deletions
(=25 observations) . Splice-site alteration '5 observations)
large rearrangements

Pathogenic Benign

Likely pathogenic Likely benign Large number of Variants of Unknown Significance

Classifications change over time

VUS

Many labs are transitioning to NGS
— advantages: increased throughput, multiplexing and lower costs
— disadvantage: lower sensitivity for large deletions/rearrangements (10%)

Collins FS. BRCA1 — Lots of Mutations, Lots of Dilemmas. NEJM 1996.




CONCLUSION DDR

Genetic/ Hereditary concept
HRRd : Prognostic factor biomarker (ovarian , breast cancer)

HRRd: Predictive factor biomarker
Synthetic lethality pathway

Sensibility PARPi (Breast, Ovarian, Prostatic, Pancreas cancer)

Resistance to chemotherapy (ovarian cancer)?
Hereditary cancer biomarker: family implications/ follow up

NGS: Gold standard
Challenges to solve

More techniques and evolution of NGS to detect significant HRRd-status
BRCA 1/2 genes validated as predictive biomarker (PARPi) (reimbursement)

metastatic : breast, ovarian, prostate, pancreas

But upcoming more DRR d —-genes implicated as predictive biomarker: ATM, CKEK 2, .......
depending on cancer subtype

HRR-D Test? Signatures?




