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Somatic mutation theory of cancer

MUTAGENS INTERACT WITH DNA

DNA DAMAGE
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Six normal DNA repair pathways The specific pathway changes 

determine the best course of 

chemotherapy and radiation 

(personalized medicine)

DNA Repair Pathways Are Critical in Cancer

Normal cells Cancer cells

6Courtesy of D Weaver (DNAR-On-Q-ity)



DNA repair pathways
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ERCC1 MSH2PARP BRCA1 DNA-PK

XPF Ku

DNA repair capacity depends on multiple 

pathways among which BER



Role of PARP-1 in BER/SSBR

18 members of PARP super-family identified to date

PARP-1 abundant nuclear enzyme activated by and binds 

with high affinity to DNA single and double strand breaks 

via zinc fingers

PARP-1 essential for the repair of damaged bases and 

single strand breaks via the Base Excision repair pathway

ZF ECZF NLS BRCT
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Metabolism

DNA repair, Cell proliferation, Transcription



BRCA1/BRCA2

normal

BRCA1/BRCA2

deficient

Abnormal HR repair

Error prone

Blockade of the replication fork

Repair based on Homologous 

Recombination 

Chromosomal stability

Cell survival

Chromosomal instability

Cell death

ASCO 2009 ïBased on Farmer H et al., Nature 2005;434:917-21 ; Bryant HE et al., Nature 2005;434:913-7

PARPi

H2AX

SSB

RAD51
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PARP inhibition prevents SSB repair, which  

leads to DSBs
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Public data from Rohrbeck et al.
Public data from Stearman et al.

High PARP 

expression in 

>50% of the 

lung tumors

ébut low in 

most of the 

normal 

tissues

Values per exp: probe set 208644_at
Values per exp: probe set 1287_at

High PARP 

expression 

in >75% of 

lung tumors

Transcriptome: only few studies have shown 

differential PARP expression between tumors



Potti et al. CALGB cohort

Raponi et al. Jacobson et al.

Potti et al. Duke cohort

Other sets show more of an unimodal distribution of PARP



Public data from Potti et al., N Engl J Med 2006

Expression values (normalized) / histology

208644_at = Parp1

204531_s_at = BRCA1

211851_x_at = BRCA1

208368_s_at = BRCA2

214727_at     = BRCA2

Adenocarcinomas express low levels of PARP1 

and BRCA1/2 compared to squamous histology

F Commo, Institut Gustave 

Roussy

ADK SCC



low high

Cluster 1 (Sq ~65%)Cluster 2 (Adk~65%)

Parp1

208644_at 204531_s_at 211851_x_at 208368_s_at 214727_at

Adk vs. Sq -1.27 -1.35 -1.40 -1.50 -1.24

Clust2 vs. Clust1 -1.51 -2.36 -1.69 -3.07 -1.50

BRCA1 BRCA2

Foldchange



Median

Median

Potti et al 2006 (Duke data)
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PARP1 IHC
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PARP-1 Inhibitors in Development 

Company Product Development

BiPar Sciences 

(Sanofi-Aventis)

BS-201 Phase III

AstraZeneca AZD2281 Phase II/III

Pfizer

Abbott

PF-01367338 (AG014699)

ABT-888

Phase II

Phase II

MSD MK-4827 Phase I

Inotek/Genentech INO-1001 Phase I

Cephalon CEP-9722 Phase I

MGI Pharma GPI 21016 Phase I



Annunziata CM;  CCR 2010



Clinical data on PARP-1 Inhibitors

Olaparib

(AZD2281)

Veliparib

(ABT-888)

Iniparib

(BSI201)

AG-014699

(PF-

01367338)

MK-4827 CEP-9722

Pharma
KuDos / 

AstraZeneca
Abbott

BiPar / 

Sanofi-

Aventis

Pfizer Merck Cephalon

Route Oral Oral IV IV Oral IV

Use
Mono / 

Combo

Mono / 

Combo
Combo

Mono / 

Combo
Mono Combo

Status Ph. 2/3 Ph. 2 Ph. 3 Ph. 2 Ph. 1 Ph. 1



Olaparib (AZD2281) phase I trial in patients with 

germ-line mutations in BRCA1 or BRCA2

 Fong et al N Engl. J Med, 2009
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p = 0,0005

HR = 0,348 (IC95 : 0,189-0,649)
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2 4 6 8 10 12 14 16
0

20

40

60

80

100

Progression free survival (SSP)

S
S

P
 (

%
)

BSI-201 + gem/carbo (n = 57)

p < 0,0001

HR = 0,342 (IC95 : 0,200-0,584)

ASCO 2009 - From OôShaughnessy J et al., abstract 3

PARP inhibitor BSI-201

Phase II randomized trial in triple negative breast cancer

Metastatic breast cancer : PARPi

3,3 months

0

6,9 months

5,7 months

9,2 months

0

Gem/carbo (n = 59) Gem/carbo (n = 59)

BSI-201 + gem/carbo (n = 57)
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Phase 2 Study A4991005

DESIGN

 Phase 2, open-label, multi-centre, Simon 2-stage minimax design

 PF-01367338 12 mg/m2 given as a IV infusion followed by oral 
temozolomide 200 mg/m2 D 1-5 every 4 weeks

STAGE 1

 27 patients with metastatic melanoma to be enrolled

 If 3 or more responses were observed, go to stage 2

STAGE 2

 13 additional patients with metastatic melanoma

 Success met if 7 or more responses seen in 40 patients

Phase I data : R. Plummer. Clin Cancer Res 2008;14(23) 7919-7923



Additional Ongoing Studies

 Phase 1 combo study A4991014 :

 To assess safety and feasibility of escalating doses of PF-01367338 

given iv on Day 1-3 repeated every 3 weeks to patients with solid tumors 

in combination with either:

 Carboplatin

 Carboplatin ïPaclitaxel

 Cisplatin  ïPemetrexed

 Oral formulation of PF-01367338 will also be explore



Multiple checkpoints after DNA damage

CHK1 inhibitors:

PF- 00477736

AZD- 7762

SCH-900776

CHIR-124é
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PARP-1 Inhibitors in NSCLC

Company Product Lung trials

BiPar Sciences 

(Sanofi-Aventis)
BS-201

Phase III (SCC) 

Phase II (all 

histologies)

AstraZeneca AZD2281 (Olaparib) None

Pfizer PF-01367338 None

Abbott ABT-888 None

Inotek/Genentech INO-1001 None

Cephalon CEP-9722 None

MSD MK4827 None

MGI Pharma GPI 21016 None



BiPar is a wholly owned subsidiary of sanofi-aventis

Phase 3 Squamous Cell Lung Cancer Study

30

R

G/C + iniparib

Gemcitabine + Carboplatin (G/C) 

Patient Population:

ÅAdvanced SCC

N= 825 (planned) 

Endpoints:

Primary: OS

Secondary: PFS, TTP, ORR, 

safety/tolerability, QoL

First Patient Enrolled: March 5, 2010

International, Open-label

Doses: Gemcitabine 1000 mg/m2 D 1 & 8 + 

Carboplatin AUC 5 D1 q3wk; 

Iniparib 5.6 mg/kg IV D 1, 4, 8 & 11 q3wk

Å Patients restaged by CT scans (per RECIST 1.1 

version) q 2 cycles (6 wks)

Å Patients may remain on study after 6 cycles if there is 

no evidence of PD or the presence of DLTs
1:1



BiPar is a wholly owned subsidiary of sanofi-aventis

Phase 2 NSCLC Trial
ÅRandomized, open-label, international (France, Germany, Italy, Spain, UK)

31

R

Gemcitabine/cisplatin + iniparib

Gemcitabine + cisplatin
Patient Population:

ÅStage IV NSCLC

Stratification:
Å Squamous vs non squamous

Å Smoking status

N= 105 (planned) 

Endpoints:

Primary: ORR

Secondary: PFS, OS

First Patient In: May 2010

1:2

Doses: Gemcitabine 1250 mg/m2 D 1 & 8 + Cisplatin 75 

mg/m2 D1 q3wk; Iniparib 5.6 mg/kg IV D 1, 4, 8 & 11 q3wk



ERCC1 MSH2PARP BRCA1 DNA-PK

XPF Ku

DNA repair capacity depends on multiple 

pathways: sequential tumor biopsies

Biopsy

Before treatment
Biopsy

After treatment
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