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Cases 

   Targeting: 
 

• PARP (poly[ADP-ribose]polymerase) 
 

• BRAF V600 mutation 
 

• Mismatch repair deficiency 
 

   



Olaparib – Phase I 

• Olaparib is an example of an oral, selective PARP1 inhibitor 
 

• First-in-man phase I study with a PARP inhibitor in NKI and Royal Marsden in 
patients with advanced solid malignancies 
 

• Olaparib monotherapy showed mild, manageable toxicity profile (grade 1-2); 
not interfering with daily life or intake of study drug 

 
• Unselected population: patients with all advanced solid malignancies  low 

response rate 
 



Nature April, 2005 



Olaparib – Phase I 

Fong et al. N Engl J Med 2009 



Registration trial olaparib ovarian cancer 

Ledermann J et al. N Engl J Med 2012; 366:1382-92 

Presenter
Presentation Notes
Figure 2. Kaplan–Meier Estimates and Subgroup Analysis of Progression-free Survival. Panel A shows Kaplan–Meier curves for progression-free survival in the randomized population. Progression events were observed in 60 patients (44.1%) in the olaparib group and 93 (72.1%) in the placebo group. Panel B shows a subgroup analysis of progression-free survival in the randomized population. The size of the circles is proportional to the number of events. The gray band represents 95% confidence intervals for the overall population. The subgroups of patients who did not have the BRCA mutation or who were Jewish were not included in the subgroup analysis because there were fewer than 20 events in those subgroups.



Tumor agnostic approval within reach for targeted drugs?  
Condition Fulfilled?  
Established Mechanism Of Action (MOA) 
MOA tumor tissue independent 
Preclinical Proof Of Principle (POP) 
Preclinical safety 
Validated biomarker 
Clinical POP 
Clinical safety 
Pivotal randomized study 
Activity in other tumor types 
No relevant competing strategies 
Unmet medical need 



Poly (ADP-Ribose) Polymerase (PARP) 



Increased understanding of DNA repair 



Farmer et al. Nature 2005 & Bryant et al. Nature 2005  

BRCA1-/- and BRCA2-/- cells are extremely sensitive to 
PARP inhibition 

No difference in sensitivity between 
heterozygous and wild-type BRCA cells 
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Lincoln SE et al., JCO Precision Oncology  2017;1:1-10 

Consistency of BRCA1 and BRCA2 Variant 
Classifications Among Clinical Diagnostic Laboratories 



Per patient concordance 

Lincoln SE et al., JCO Precision Oncology  2017;1:1-10 



Confirmatory phase III study in BRCAm ovarian cancer 

Pujade-Lauraine et al. SGO Annual Meeting 2017 (LBA2) 

Kaplan–Meier estimate of BICR-assessed PFS  

Pr
op

or
tio

n 
of

 p
at

ie
nt

s 
ev

en
t f

re
e 

Time from randomisation (months) 

18 15 12 9 6 3 0 21 24 27 30 33 36 

Placebo bd 
Olaparib 300 mg bd 

88 
14 

103 
14 

112 
16 

128 
18 

148 
26 

176 
62 

196 
99 

82 
11 

30 
6 

28 
5 

3 
0 

1 
0 

0 
0 

Olaparib 300 mg bd 
Placebo bd 

Number of patients at risk: 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

Olaparib 
300mg bd 

Placebo 

Events 81/196 
(41.3%) 

70/99  
(70.7%) 

Median 30.2 m 5.5 m 

HR = 0.25 
95% CI (0.18,0.35)  

p<0.0001 



Efficacy of olaparib extended use in BRCA1/2 carriers  



Phase I/II study with rucaparib in BRCA1/2 mutant cancers 

Kristeleit R et al 
CCR 2017; 23:4095-4106  
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PARP inhibition in prostate cancer with BRCA2m 

Mateo J, et al. N Engl J Med. 2015;373:1697–1708 

Key eligibility criteria 
 
• Histologically confirmed mCRPC 
• Progression after 1–2 taxane-based 

chemotherapy regimens (as per 
RECIST version 1.1 and/or PCWG2) 

• ECOG performance status 0–2 
• Naïve to platinum, mitoxantrone, 

cyclophosphamide or PARP inhibitors 
• CTC count ≥5 cells/7.5mL blood 
• Willing to provide fresh tumour biopsy 

samples for biomarker studies 

Olaparib 400mg BID (N=50) 
 

Treatment administered until radiological 
progression, unequivocal clinical 

progression, unacceptable toxicity, 
withdrawal of consent or death 

 
Dose reductions to as low as 100mg BID 

permitted in the event of an initial or 
recurrent Grade 3 or 4 adverse event* 

(as per NCI CTCAE criteria) 

Primary endpoint: 
• Response 

– Radiological response  
(RECIST version 1.1) 

– PSA decline of ≥50%  
(PCWG2) 

– CTC conversion  
(≥5 to <5 cells/7.5mL blood)† 

 
Secondary endpoints: 
• rPFS‡ 
• PFS 
• OS 
• Time to PSA progression (25% 

increase in PSA) 
• Rate of CTC conversion 
• Safety and adverse events 

Presenter
Presentation Notes
Study assessments
Computed tomography (CT) scans, magnetic resonance imaging (MRI), whole-body bone scans, prostate-specific antigen (PSA) measurements, and circulating tumour cell (CTC) counts were assessed at baseline and every 12 weeks. Additional CTC counts were undertaken after 1, 2, 4, and 8 weeks of treatment
Radiologic evaluations were subject to retrospective central review by radiologists who were not aware of the outcome data
Safety was assessed by monitoring adverse events, which were graded according to Common Terminology Criteria for Adverse Events version 4.0
Statistical analyses
A cohort of 45 patients was planned (30 in Stage 1 and 15 in Stage 2)
The null and alternative hypotheses were a response rate of ≤5% and >20%, respectively (α=0.02; β=0.10). A two-sided exact binomial 95% confidence interval (CI) was calculated for the response rate
Univariate and multivariate logistic regression models were used to calculate unadjusted and adjusted odds ratios for a response according to biomarker status
Reference
Mateo J, et al. DNA-repair defects and olaparib in metastatic prostate cancer. N Engl J Med. 2015;373:1697–1708.




18 

Genomic Aberrations in DNA Repair 

wk, week. 
Mateo J, et al. N Engl J Med. 2015;373:1697–1708. 

Frameshift mutation 

Stop again 

Single copy deletion 

Homozygous deletion 

Missense mutation 

Copy-neutral loss of heterozygosity 

Germline event 

Response to olaparib No response to olaparib 

Patient no. 17 15 14 20 30 39 35 36 1 6 5 26 48 8 16 11 7 12 44 31 50 2 3 4 9 10 13 18 19 21 22 23 24 25 27 28 29 32 33 34 37 40 41 42 43 45 46 47 49 
Time on treatment, wk 24 36 36 48 ≥44 ≥44 ≥40 57 73 16 58 19 39 62 ≥40 12 12 11 24 8 8 24 8 7 11 13 12 1 12 7 12 4 12 12 22 13 4 12 17 4 12 11 12 12 9 12 12 1 12 

Biomarker positive x x x x x x x x x x x x x x x x 

BRCA2 

ATM 

FANCA 

CHEK2 

BRCA1 

PALB1 

HDAC2 

RAD51 

MLH3 

ERRC3 

MRE11 

NBN 

Presenter
Presentation Notes
Mutations and deletions in DNA repair genes were identified through next-generation sequencing studies and are shown on the slide. Data are shown for the 49 patients who could be evaluated for a response. (Green shading indicates patients who were classified as having a response to olaparib. A star indicates that a particular genomic event was detected in germline DNA.)
In total, 16 patients (33%) had tumour aberrations in DNA repair genes. 
Seven patients had BRCA2 aberrations (somatic homozygous deletions [n=2], a combination of somatic mutations and loss of heterozygosity [n=2], and previously unidentified germline pathogenic mutations with somatic loss of the second allele [n=3])
Five patients had ATM aberrations (germline mutations predicted to cause truncation of the ATM protein [n=3] and ATM mutations with no germline events [n=2])
Three patients had a homozygous somatic deletions of BRCA1 or CHEK2 with FANCA deletion
One patient with a heterozygous PALB2 deletion had a somatic frameshift mutation in PALB2
One patient had biallelic somatic aberrations in histone deacetylase 2

Reference
Mateo J, et al. DNA-repair defects and olaparib in metastatic prostate cancer. N Engl J Med. 2015;373:1697–1708.
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Response to Olaparib – BRCA2 Aberrations 
 

CTC, circulating tumour cell; fs, frameshift; het-del, heterozygous deletion; hom-del, homozygous deletion; N/A, not applicable; NE, not evaluable; PSA, prostate-
specific antigen; PR, partial response; RECIST, Response Evaluation Criteria In Solid Tumors. 
Mateo J, et al. AACR 2015 (abstr. CT322). 

Patient 
no. Germline hit? Response 

Y/N 
RECIST 

response 
PSA fall 

>50% 
CTC 

conversion 
Dose 

reduced 
Time on 

trial (weeks) 
14 Yes Yes N/A Yes Yes No 36 

15 Yes Yes PR Yes Yes Yes 36 

17 No, somatic fs + het-del Yes PR Yes Yes No 24 

20 No, somatic fs + het-del Yes PR Yes NE No 40+ 

30 Yes Yes N/A Yes Yes No 40+ 

35 No, somatic fs + het-del Yes PR Yes Yes Yes 24+ 

39 No, somatic fs + het-del Yes PR Yes Yes No 40+ 



At start After 6 weeks  

Week 

CA19.9 
(kU/L) 

PARPi in cholangiocarcinoma and BRCA1 carrier 

• 42 yr male, cholangiocarcinoma, BRCA1m 
• PD after 6*cisPt-gemcitabine      olaparib trial 



Tumor agnostic approval within reach for PARPi ?  

Condition Fulfilled?  
Established MOA √ 
MOA tumor tissue independent √ 
Preclinical POP √ 
Preclinical safety √ 
Validated biomarker √ (but not every BRCAm responds) 
Clinical POP √ 
Clinical safety √ 
Pivotal randomized study √ 
Activity in other tumor types √ (sufficient?) 
No relevant competing strategies √ ? 
Unmet medical need √ 



Cases 

   Targeting: 
 

• PARP (poly[ADP-ribose]polymerase) 
 

• BRAF V600 mutation 
 

• Mismatch repair deficiency 
 

   



Kopetz et al. ASCO 2010 (#3534) 

BRAF V600E: does tissue context matter? 

Flaherty et al. N Engl J Med 2010;363:809-19 
Chapman et al. N Engl J Med 2011;364:2507-16 



‘Feedback’ activation of EGFR by BRAF inhibition in BRAFm 
colon cancer  
  

 
RAS 

BRAF 

ERK 

mTOR 

PI3K 

AKT 

MEK 

 
 

  
Nucleus 

Proliferation 
Anti-apoptosis 
Angiogenesis 

Cell membrane Receptor 
tyrosine kinase 

Growth factor 

S6 

Gene expression 

CDC25C 

EGFR inhibitor 

BRAF inhibitor 

Cell death 

Prahallad et al. Nature 2012; 483(7387):100-103.    



EGFR IHC in red; Sun et al. Nature 2014;508:118-22 

BRAF mutant melanomas upregulate EGFR 
during development of drug resistance 



Tumor agnostic approval not justifiable for BRAF V600 mutation  
Condition Fulfilled?  
Established Mechanism Of Action (MOA) 
MOA tumor tissue independent ⛔️ 
Preclinical Proof Of Principle (POP) 
Preclinical safety 
Validated biomarker 
Clinical POP 
Clinical safety 
Pivotal randomized study 
Activity in other tumor types 
No relevant competing strategies 
Unmet medical need 



Cases 
   Targeting: 

 
• PARP (poly[ADP-ribose]polymerase) 

 

• BRAF V600 mutation 
 

• Mismatch repair deficiency 
 

   



Neo-antigens trigger the immune response  



Tumor antigen processing and presentation on MHC class I  

Yarchoan M et al., Nature Rev Cancer 2017;17:209-222 



Three key stages of the antitumor immune response 
 

•Presentation: tumor cell death releases tumor antigens, which can activate the cytotoxic T 
cells of the adaptive immune system 
•Infiltration: tumor antigens and other factors attract immune cells to the tumor site, where they 
invade and attack 
•Elimination: activated cytotoxic T cells recognize tumor cells as the source of the antigen and 
target them for elimination 
 

Chen DS, Mellman I. Oncology meets immunology: the cancer-immunity cycle. Immunity. 2013;39:1-10 



Microsatellite instability high/deficient mismatch repair  
(MSI-H/dMMR) are indicators of genomic instability 



Hypothesis: mismatch repair (MMR)-deficient tumors 

• MMR-deficient tumors are more likely than MMR-proficient tumors to benefit from anti-PD1 
therapy probably because MMR–deficient tumors express more neoantigens 
 

Le DT et al. N Engl J Med 2015;372:2509-20 



PREVALENCE OF MICROSATELLITE INSTABILITY (MSI) ACROSS 39 HUMAN 
CANCER TYPES 

Bonneville R. et al., JCO Precision Oncology  2017;1:1-15 

Proof activity of treatment in all, including rare, tumor types?  



Haraldsdottir JCO Prec Oncol 10 Dec 2017 

How to demonstrate MMR-deficiency? 
Comprehensive mutation 

analysis by WGS 

No. of indels at repeat sequences per Mb 

Cuppen et al., Hartwig Medical Foundation 

MSI-high 

MSI-low MSS 

IHC on four MMR- proteins 



Condition Fulfilled?  
Established MOA √ (with large extrapolations) 
MOA tumor tissue independent only circumstantial evidence 
Preclinical POP √ 
Preclinical safety √ 
Validated biomarker √ (IHC, but not optimal) 
Clinical POP √ 
Clinical safety √ 
Pivotal randomized study No, but OK for FDA; EMA however? 
Activity in other tumor types √ (sufficient?, guidance needed) 
No relevant competing strategies √ ? 
Unmet medical need √ 

Tumor agnostic approval justifiable for anti-PD1 in MSI-h? 

⛔  ️



Notes for guidance: take home messages 

• Presented template with ‘Conditions’ may guide approval process 
 

• Solid proof that MOA is tumor context independent is vital 
 

• Such proof may be delivered employing representative preclinical models 
 

• These models should be rigorously validated 
 

• One positive pivotal trial that new therapy improves outcome is essential 
 

• Design of the pivotal trial depends a.o. on rarity of the condition 
 

• Selected biomarker(s) should be rigorously validated and cross-validated  
 

• These biomarkers should guide pt selection in the development process 
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Backup 



Lincoln SE et al., JCO Precision Oncology  2017, 1, 1-10 

Prevalence of mutations (n>5000 variants) 
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