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Conflits d’interéts, S Delaloge, Nov 2015

Consulting | Conferences/ | Research grants Stock
| expert formations Iclinical trials options/p
atents
Amgen X X
Astra Zeneca X X
Eisei X
Novartis X ) ¢
Pfizer X X ) ¢
Puma X
Roche X X X




Les inhibiteurs de parp en developpement

Inhibiteur

Laboratoire

Cible

Etudes en cours (cancer du sein,
mutation germinale BRCA1/2)

Olaparib

AstraZeneca

PARP 1/2/3

Phase lll enregistrement en situation
avancee (OLYMPIADE) et ligne 1/2, phase
[l adjuvant, phases Il neoadjuvant et
meétastatique, etc

Veliparib

Abbott

PARP 1/2

Phase lll enregistrement ligne1/2, Phase
lIl en situation néo-adjuvante dans les
cancers triple négatifs, autres phase |l

Rucaparib

Clovis

PARP 1/2

Divers essais de phase |l dont adjuvant
TNBC + études dans des situations de
« BRCAness » sans mutation BRCA1/2

Talazoparib

Biomarin

PARP 1/2

Phase lll en situation avancée
(EMBRACA), phases Il en situation
avancée et néo-adjuvante

CEP9722

Teva

PARP 1/2

Phases /Il

Niraparib

Merck

PARP 1/2

Phase lll en situation avancée (BRAVO)
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Reéparation, parp et BRCA?

Cassure simple brin - Réparation

Base excision repair (BER)
PARP



Reéparation, parp et BRCA?

Cassure simple brin >
Base excistonrepair (BER)
PARP

Cassure double brin > Réparation
Recombinaison homologue (HR)

BRCA etc




Reéparation, parp et BRCA?

Cassure simple brin >
Base excistonrepair (BER)
Cassure double brin - Reparation
Recombinaigdn homologue (HR)
BRC/NA}%\

NEHJ
Instabilité
Mort cellulaire




Les fonctions des PARP

PARP D
_functions .

DNA repair Transcriptional Chromatin Mitosis Cell death
regulation modification ' '
Functions in Component of the Maintenance of telomere Involved in mitotic- Component of pathways
BER, DSB repair TLE1/Groucho corepressor length and spindle formation mediating apoptosis
and NHEJ complex involved in Wnt chromosomal stability

signalling implicated in
transcriptional regulation of
androgen receptor expression

CCTACTGAACGGGGTTEEEETTEGE gy
GGATGACTTGCCCCAACCCCAACCCC zTg

Caspase-3 activation

|
D

PARP cleavage

Apoptosis

Nucleus

Sonnenblick et al, Nat Rev Clin Oncol 2015



Iniparib: pas un inhibiteur de parp

B Overall Survival

Overall Survival (%)
=)
1

Hazard ratio for death with iniparib,
0.57 {95% Cl, 0.36-0.90)
P=0.01

Gemcitabine—carboplatin
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No. at Risk
Gemcitabine-carboplatin plus iniparib 61
Gemcitabine-carboplatin alone 62
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O’Shaugnessy et al NEJM 2011
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(cancers triple négatifs)
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Fin 2000: les cancers BRCA-/- sont
extrémement sensibles aux Inh parp

—_

100 <
80 - 3 BRCA1
g0 B BRCA2

40 - Increasing tumour shrinkage .

i

Tutt et al., Lancet 2010, 376: 235-244
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Ashworth, J Clin Oncol 2008,26:3785-3790
Murai et al., Cancer Research, 2012
Shapiro SABCS 2013



Activite catalytique versus trapping des inh
parp

Catalytic Activity: Olaparib > Veliparib > Niraparib
Cytotoxic Activity: Niraparib > Olaparib >> Veliparib

Murai et al., Cancer Research, 2012



Trapping

Muciear soluble Chromatin bound
MMS 0.01%
10 10 50 10

DT40

DU145

Niraparib > Olaparib >> Veliparib

Phase 0 Trial : 25 mg veliparib inhibited
catzlﬂrﬁc activity in tumor biopsies
Phase 1 Trial in patients with
BRCA-deficient tumors:

no RECIST responses until a dose of
300 mg BID

Murai et al., Cancer Research, 2012
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Les inh de parp ne sont pas un
traitement des cancers triple négatifs

Olaparib
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Gelmon, Lancet Oncol 2011

... dans leur globalité

I Breast BRCA
3 Breast non-BRCA




Les inh de parp ne sont pas un
traitement des cancers triple négatifs

... dans leur globalité

irapari
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Isakoff 2010

Veliparib

*= BRCA carrniers
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« Preuve de concept » cancers BRCA -/-

| Olaparib .

100 -
80 [1BRCA1  _
e I BRCA2
40- Increasing tumour shrinkage Increasing tumour shrinkage

1]

Best change from baseline (%)

Olaparib 400 mg Olaparib 100 mg
twice daily (n=27) twice daily (n=27)
. i i Objective response 11 (41%: 25-59) 6 (22%: 11-41)
Olaparib monothérapie Complete response 1 (4%: 1-18) 0
4 Partial 10 %; 22-56 6 (22%; 11-41
Phase avancée i . .
Stable disease 12 (44%: 28-63) 12 (44%; 28-63)
Progressive disease 4(15%; 6-32) 9(33%:19-53)

Data are number (%; 95% ().

Table 2: Best overall confirmed tumour response status
(intention-to-treat population)

Tutt et al Lancet 2011



Fre edom from progre ssion (%)
L¥a)
o
]

—— Olaparib 100 mqg twice daily
—— Olaparib 400 mqg twice daily

Number of patients
Olaparib 100 mg 27
Olapanib 400mg 27

50 100 150 200 250 300 350 400 450
Progression-free survival (days)

24 16 10 “ 0 0 0 0 0
26 22 17 13 8 6 5 1 0

Olaparib monothérapie

Phase avancée

Tutt et al Lancet 201

1

Olaparib 400 mg Olaparib 100 mg
twice daily (n=27) twice daily (n=27)
Nausea
lor2 11 (41%) 11 (41%)
Jor4 4(15%) 0
Fatigue
lor2 11 (41%) 7 (26%)
Jord 4(15%) 1(4%)
Vomiting
lor2 3(11%) 4 (15%)
Jord 3(11%) 0
Anaemia®
lor2 1(4%) 207%)
Jor4 3(11%) 207%)
Anorexia
lor2 3(11%) 3(11%)
Jord 0 1(4%)
Diarrhoea
lor2 3(11%) 2(7%)
Jor4 0 0
Constipation
lor2 2(7%) 4(15%)
Jor4 (1] 0
Headache
lor2 2(7%) 3(11%)
Jor4 0 0
Abdominal paint
lor2 2(7%) 3(11%)
Jor4 ] 0
Dyspepsia
1or2 2(7%) 1(4%)
Jord 0 0
Gastro-ocesophageal reflux disease
lor2 207%) 1(4%)
Jord (1] 0
Flatulence
lor2 2(7%) 0
Jord 0 0
Arthralgia
1or2 0 3(11%)
Jord 0 1]




Olaparib monothérapie en phase
avancee

Tabla 1. Baseline Patiant Demographic and Clinical Characterstics by Tumor Typa

Ciwarian Breast Pancraas Prostate Othar Total
(n= 193 [n = 63] in=23 in=8) (n=12it (N = 288]
Charactaristic Ma. % Ma. % Mo, % Mo. %o Mo, o M. %

Age, years

Median 57 48 54 71 a5 55

Range 379 2873 43-73 5177 3674 25-79
Sax

Femala 183 100.0 61 oE 4 10 4315 0 0.0 g 66,7 272 a1.32
ECOG PS

0 113 GR.5 32 B1.6 1 478 1 125 A 0.0 163 547

1 &9 368 27 435 x| 9.1 4 50.0 A 0.0 116 3B6

2 18 53 3 48 3 13.4 | 315 a 0.0 18 6.4
8RCA siatus

BRCAT mutation 148 TE.7 37 9.7 B nz 1 125 7 EB3 198 6.4

BRCAZ mutation 44 778 25 403 17 7345 7 BT 5 5 417 a8 3za

BRCAT and BRCAZ mutation | 0.5 0 0.0 1 4.3 0 0.0 a 0.0 2 .7
No. of prior regimans for advanced diseasd

Mean 43 46 20 20 272 4.0

sD 272 20 16 1.0 1.3 23
Measurable disease at baseline 167 BB.E BB o35 23 100.0 7 875 1 91.7 266 883

Kaufman B J Clin Oncol Nov 2014




Olaparib monothérapie en phase

avancee

Table 2. Tumor Responsa Rates (full analysis sat)
Chwarian Breast Pancroas Prostate Crither

in = 193 in = 62} in=23) in=8) in=13) Total (M =288)
Response Mo o Mo. % Mo T MNo. % M. %o Mo T

Tumor rnesponse rato G0 311 2! 129 B 217 4 800 1 83 78 26.2
95%:-ClI 246 10 381 5.7 to 238 1.5t0437 157 0843 002 to 38k 21 310 316
CRE B 4 0 L} 1 4 i) o 0 ] 7 2
PR* bl 2B g 13 4 17 4 =0 1 g 71 b
Siable disease = 8 weeks 7B 40 29 47 B 35 2 Z5 7 58 124 43
05% Cl 224 0 477 3401508 164 to 573 32 o 651 F 70848 6.0 10 47 4
Stable diseasa B4 33 22 36 b 22 2 75 B b0 99 33
Uncenfirmed PH 12 G 7 11 3 13 i} 0 1 g 23 B
PDT T g i) a7 5 i) i i) s i 78 26
05% Cl [ ) 22t B03 187 10615 32 w651 Ehinobh72 21.390318
RECIST prograssion 33 i7 16 76 B 25 1 13 a 25 59 20
Early death# £ 4 7 11 3 13 1 13 0 0 18 B
Mot evaluable 14 7 | 3 | 4 0 + | g 18 6
Mo foflow-up assassments 12 G z2 3 1 4 i} o 0 8] i5 5
Stable diseasa < 8 weaks 2 1 4] + ] 0 0 0 1 g 3 1

Kaufman B J Clin Oncol Nov 2014




Olaparib monothérapie en phase
avancee

1.0 4y Chearian (median, 7.0 months)
s ] = Bresst (median, 3.7 months)
g : == Pancreas {medizn, 4.6 months)
E 0.8 == Progiate imedian, 7.2 months) P FS
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=
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wa ™
-4 Tahle 3. Tumor Besponsa Rates by Prior Platinum Chemotherapy and
= 0.2 Tumor Type
= .
0. 1 — Prior
| Platinum Mo. of Mo, of Rasponse
T T T T T T T T g i Doerrrc [} O | oy WL
0 3 & a 12 15 1 71 24 Usa Fatiants Fesponses Rata (%) 35% Cl [%)
: . Broast
Time From First Dose (months) Yos 47 i ot 2715378
Mo &t nsk
Owarian 183 131 85 56 20 16 10 4 F o 20 v 20 o7 A3
Breast 62 3z 15 a 5 E, | . . 1 Pancreas
Pancreas 23 13 B 3 1 1 1 0 L Yaos 15 3 200 4 310481
Prostats B & ] 2 2 2 Lt L] 0 Mo g 2 35 0 39 1 65.1
Frostata
Yos 4 1 5.0 610806
Mo 4 3 5.0 184 t000.4
Cither
Yos g 1 o 3483
Mo 3 ] 0 D1270.8
Kaufman B J Clin Oncol Nov 2014




Olaparib monothérapie en phase
avancee

1.0 - Owarian {median, 16.6 months}
= Braast i{median, 11.0 months) OS
== Pancreas {median, 3.8 months)

08— - == Prostate (median, 18.4 months)
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Fig 2. Owerall survival.

Kaufman B J Clin Oncol Nov 2014



Olaparib monothérapie en phase
avancee

Tolérance

Table 4. Any-Grade AEs Reported in = 15% of Patients Overall or Grade = 32 AEs Beported in = &% of Patients Overall

Owarian {n = 153 Breast in = 62] Pancraas [n = 23| Frostata [n = 8) Cther in = 121 Total (M = Z58]
Ay Grade Any Grade Ay Grada Ay Grada Grade Ay Grade
Grada =3 Grade =3 Grade =3 Grada =3 Any Grada =3 Grade =3
AE Mo. %% Mo % Mo, % Moo % JHo. % Moo %% Moo % No. % Moo % Mo % Moo % NMNoo %
Fatigue 116 60.1 122 62130 484 3 48117 739 3 130 1 126 & o0 12 1000 7 B3 176 591 13 &4
Mausaa 119 617y 1 O0OHJ33 32 0 00917 478 0 00 3 IFH O OO0 10 833 O DD 176 BO1 1 D3
Womiting 78 388 &5 25121 329 1 IRl -5 38T 1 43 0 00 0O PO B HO O 00 "N 372 T 23
Anamia 62 321 36 18716 25EB 9 145) 9 331 4 174 5 B2B 1 125 B 6 2 167 88 3289 52 74
Diarrhea B 290 3 1611 1570 1 160 7 204 0 00 3 b D 0D 4 333 0 00 B Z2FZ 4 13
Abdominal pain B8 2071 14 73l & BY 1 16] 7 204 1 43 ¢ 00 0 DD 7 583 1 B3 T/ 8B 17 b7
Decreasodappefite 36 18Y 1 ORQ1T 294 0 0O0) 4 174 0 00 2 203 0 00D 3 20 0 00 62 20B 1 03
Dwwspepsia a9 %97y O 00 9 45 0O QOQ 2 BYF 0O 0O O 0o 0 0D 3 RO O DO B2 174 0 0D
Headacha 32 66 0O OO0g14 226 1 16 ©* 43 0 ©0 0 00 0 oD 1 83 0 00 48 7161 1 03
Dwysgeusia a9 202 ©0 OOQ 4 B5 O QOQ 7 43 D0 0O O OO0 O 0D 3 250 0 0O 47 158 0 00

Abbreviation: AE, adverse avent.

Kaufman B J Clin Oncol Nov 2014
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Reésistance aux anti-parp...

Normal PARP1 function
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Lord and Ashworth Nat Genet 2014
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Comment augmenter I'efficacité des Inh
Parp si BRCA-

» Association avec chimiothérapie ou autres
molécules stoppant le cycle
— Alkylants, Topo | inh, platines
— CDKinh

« Association avec d’autres medicaments
ciblant/modulant la recombinaison homologue:
— Checkpoint kinases Chek1/2; Rad51
— PI3K (expression de BRCA1)
— Proteasome, HSP

« Association aux checkpoint inhibiteurs



CDK Activity is Required Upstream in the DNA
Damage Response

DSB
b
i q |
High CDK1, 2 Cup End R i
e nd Resection
Checkpoint Control +
e — ——— RPA binding to ssDNA
@— | Highcok1 | % 3
| Chki1 — ——
. > HR
Low CDK Activity ¥ Homology Search,
Cell Cycle Arrest Strand Invasion
7k J

FFA RADS1

Shapiro SABCS 2013



Formation of BRCA1 Foci is Markedly
Compromised in CDK1-Depleted Cells

DAPI BRCA1 DAPI BRCA1

-dox
BRCAA1 foci

+dox

Vehicle cisplatin

Johnson et al. Mol Cell, 2008

Shapiro SABCS 2013



Enhanced activity of CDK/PARP inhibitor combination in
a BRCA-deficient primary tumor orthotopic model
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Elgene Lim, Proc AACR, 2013
Shapiro SABCS 2013



Olaparib + carboplatine phase |

BRCA1/2 m, sein(*) ou ovaire

sDL1
»DL2

DL3
u DL4
=DLS
= DL6

*

Best response, %

-100 -I
-120

Lee et al, JNCI 2014




Ny Individually rare mutations
\~--7__-// PALB2 Usually protein truncating |

% | -
Y . I" BRIP1 . | Moderate disease risk
0}
-_.% Common variants (usually SNPs)
@© Usually non-coding (regulatory)
DGCJ 15 Low disease risk
// ——
D’autres anomalies germinales sont candidates & pratr
ESRYT| L1 |7 SLC4;_1L_2 12q24
1.1 | | = e
CDKNAZ LSP1 Zpiz1 1l 8q24 18 NRIP1
\ x| ESR1 10q
\ RAD51LT [
0.1% 1% 10% 30%

Minor allele frequency



Prevalence de mutations germinales du
HR si cancers du sein TN

N = 1824 femmes avec TNBC

1.0

0 BRCA1
BRCA2
O Oth

084 Twr
S
S 06
[=]
j=1
2 044
[T

0.2

0 25 50 75

Age at Diagnosis (years)

14.6% mutations germinales

- 8.5% BRCA1

- 2.7% BRCAZ2

- 3.7% autres (PALB2,
BARD1, Rad51,
BRIP1...)

Couch et al, JCO 2015
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Prevalence de mutations germinales du
HR si cancers du sein TN

Gene Triple-negative n = 158 %
BRCA1 27 17.2
CHEK2 2 1.3
NBN 3 1.9
PALB2 0 0
ATM 1 0.6
BRCA1/CHEK?2' 1 0.6
BRCA1/NBN? 1 0.6
CHEK2/NBN? 0 0
Al 35 22.2
N= 158 TNBC

22.2% mutations germinales

17.2% BRCA1
5% autres

Domagala et al, PLOS One 2015

Probability of mutation
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Recherche de « BRCAnNness »: score de
recombinaison?

c
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Germinal vs somatique + autres genes
DNA repair: exemple de la Prostate
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Modeles précliniques de prevention

10

7

50+

254

% of mice tumor-free

C | ] L
20 25 30 35 40 45

Age of mice, weeks

—e~ Control == Olaparib - 200 mg/kg diet **

Modeéele KO BRCA1 -/- TP53 +/-
d incidence de tumeurs

To C et al, Cancer Prev Res 2014

A 24 weeks

Control Olaparib

Hyperplasia

%

Ducts B ;;g“- .

-

B 254

]
(=]
*

© v 3 &
H
09”0]1

d Prolifération
T Apoptose

% BrdU+ cells
at 24 weeks

Hyperplasia Ducts
Treatment



Modeles préecliniques de prévention
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Etudes d’enregistrement en cours parp-
inh, BRCA mutation carriers

Diagnosis

Neoadjuvant

olaparib,
veliparib

Surgery

Adjuvant
olaparib

Metastatic relapse

Advanced
niraparib,
olaparib,
veliparib,

talazoparib,
etfc...




Conclusions: inhibiteurs de parp

Promesses importantes dans des situations.
limitées mais a grand besoin médical+++- -~

?m o) Y

Preuve de l'utilité clinique en cours dans le
cancer du sein avance et localisé (Phases lll)

Biomarqueurs préedictifs identifies = mutations
germinales de BRCA1 ou BRCA2

Biomarqueurs additionnels en évaluation
(BRCAnNess, autres genes du HRD, etc)



Questions!

Toxicités a long terme de ces composes???

Modalités et acces aux tests BRCA génétiques
dans le futur (travail Inca...)

Stratégie de choix de ces molécules dans le
futur par rapport a d’autres médicaments
disponibles dans la méme situation,
potentiellement (immunothérapies, thérapies
ciblees en cas de cancer luminal ?...)

Aller vers la prévention?....



Merci!!!



Perspectives: triple negatifs

/

Cibler
I'addiction
oncogenique

EGFR
MTOR
AKT
PI3K

\

Cibler la réparation:
lethalité synthétique

Restaurer la

réponse immune | BRCA

PD1/PDL1...

DNA repair
defects
Genetic instability
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