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The genomic complexity of cancer 
500 breast cancer genomes:

TCGA Nature 2012TCGA, Nature 2012

Inter‐ and intra‐tumour heterogeneity



Personalised cancer medicine
Genomic alterations can be used as clinical biomarkers to 
id tif ti t t lik l t b fit f t t tidentify patients most likely to benefit from treatment.

Past

Present 
and 
future

Adapted from Yap et al, Nature Reviews Cancer. 2010

Similarly, to monitor tumour response and clinical relapse.



Targeted molecular therapies
Mutated cancer gene as biomarkers of drug response:

Targeted molecular therapies

FDA‐approved targeted therapies
Molecular biomarker FDA-approved drug Clinical indication(s) Therapeutic target
BCR-ABL Imatinib, Dasatinib, Nilotinib CML, AML ABL1 
KIT, PDGFR Imatinib Gastrointestinal stromal tumour KIT, PDGFRA
EGFR Gefitinib, Erlotinib Non-small cell lung cancer, pancreatic EGFR, g , p
ERBB2/HER2 Trastuzumab, Lapatinib HER+  breast cancer HER2
BRAF Vemurafinib melanoma BRAF
EML4-ALK Crizotinib Non-small cell lung cancer ALK
ER+ Tamoxifen ER+ breast cancer ER



Preclinical biomarker discovery
• Genome sequencing is identifying many new cancer targets.

• New compounds and strategies are coming through the pharma
pipeline but their effective deployment is challenging.pipeline but their effective deployment is challenging.

• Most anti‐cancer drugs are not linked to biomarkers that allow 
patient stratification.

• There are many potential biomarkers that could be used to• There are many potential biomarkers that could be used to 
effectively guide therapy (e.g. mutations, gene amplification or 
deletion, gene expression, methylation, tissue‐type).  , g p , y , yp )

• How do we systematically explore pre‐clinically the diversity of 
cancer for biomarkers that predict drug sensitivity?



High‐throughput drug sensitivity screening 
of cancer cell lines

a b c 
[drug] [drug][drug] [drug]

IC50

72 hour drug treatment
Fluorescence based viability assay

concentration (uM)



Use of cancer cell lines as models
PROS

• Cancer is an intrinsic disease of cells
CONS

• Grown in vitro for long periods• Cancer is an intrinsic disease of cells

• Cancer cell lines are derived from 
naturally occurring human cancers

• Grown in vitro for long periods
• Diverse culture histories
• New mutations acquired
• Selection bias

• Cancer cell line resources capture at 
least some of the cell‐of–origin and 
mutational diversity of cancer

• For many cancer types there are very 
few lines

• May not fully represent the known 
driving mutations of that type of

• Cancer cell lines are routinely used in 
biological research

• Amenable to high throughput

driving mutations of that type of 
cancer

• No normal DNA from the same 
individual• Amenable to high‐throughput 

screens & genetic manipulation • 2‐D cell culture does not capture 
immune surveillance, metabolic 
constraints and tissue interactions



GDSC 1000 cancer cell line resourceGDSC 1000 cancer cell line resource



Pharmacogenomic characterisation of 
GDSC 1000



Systematic analysis of drug sensitivitySystematic analysis of drug sensitivity
IC50 value heatmap

• 130 anti‐cancer drugs

• Average of 368 cell lines screened per drug (range 
275 – 507)

• >48,000 drug‐cell line combinations

C l d d i h di i• Correlated drug response with coding mutation, 
amplification and deletion of 70 frequently 
mutated cancer genes.

Current dataset includes 550 drugs (~300,000 IC50 values)



Target space of screening compounds 
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Drug sensitivity associated with BRAFmutation
BRAF inhibitor PLX4720
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Drug sensitivity associated with BRAFmutation
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Cell line models capture clinical 
k f d i i imarkers of drug sensitivity

FDA‐approved targeted therapiespp g p
Molecular biomarker FDA-approved drug Clinical indication(s) Therapeutic target
BCR-ABL Imatinib, Dasatinib, Nilotinib CML, AML ABL1 
KIT, PDGFR Imatinib Gastrointestinal stromal tumour KIT, PDGFRA
EGFR Gefitinib Erlotinib Non small cell lung cancer pancreatic EGFR

✔

✔
ND

EGFR Gefitinib, Erlotinib Non-small cell lung cancer, pancreatic EGFR
ERBB2/HER2 Trastuzumab, Lapatinib HER+  breast cancer HER2
BRAF Vemurafinib melanoma BRAF
EML4-ALK Crizotinib Non-small cell lung cancer ALK
ER+ Tamoxifen ER+ breast cancer ER

✔
✔
✔

✔
7

ER+ Tamoxifen ER+ breast cancer ER ✔

Molecular biomarker Drugs in clinical development Clinical indication(s) Therapeutic target

Targeted therapies in clinical development
o ecu a b o a e ugs c ca de e op e t C ca d cat o (s) e apeut c ta get

BRAF e.g. PD0325907 melanoma, NSCLC MEK
KRAS e.g. PD0325908 NSCLC MEK
NRAS e.g. PD0325909 melanoma MEK
FGFR2 e.g. PD173074 FGFR

✔
✔
✔

✔

✔
✔

PIK3CA e.g. AZD6482 PI3K
PIK3CA e.g. AKT inhibitor VIII AKT
FLT3 e.g. sunitinib FLT3
BRCA1/2 e.g. Olaparib Breast, ovarian PARP

✔
✔
✔
✔7



Ewing sarcoma cell lines with the EWS‐FLI1 
translocation are sensitive to PARP inhibitorstranslocation are sensitive to PARP inhibitors

Drug sensitivity associated with the EWS‐FLI1 fusion gene:



EWS-FLI1 mutated cell are sensitive to PARP inhibitors
Olaparib
(PARP1/2)

AG‐014699
(PARP1/2)
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Mutations of BRCA1 or BRCA2 are not present in these EWS‐FLI1 mutated cell lines



EWS FLI1EWS‐FLI1
• Characteristic of Ewing’s sarcoma, a malignant bone tumour that affects g , g

children. 

• A chromosomal translocation (11:22)(q24;q12) fusing the EWSR1 gene to theA chromosomal translocation (11:22)(q24;q12) fusing the EWSR1 gene to the 
FLI1 gene.

• Fusion proteins act as aberrant transcription factors that bind DNA through• Fusion proteins act as aberrant transcription factors that bind DNA through 
their ETS DNA binding domain.

C t t t t i i h th d di th• Current treatment is aggressive chemotherapy, surgery and radiotherapy.

• Poor prognosis in the 15‐25% of patients with metastatic or recurrent disease.



Is PARP inhibitor sensitivity is dependent on the y p
EWS-FLI1 translocation?
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We are actively working to understand the mechanism of PARP inhibitor sensitivity.



Clinical trials for PARPi in Ewing’s Sarcoma patients

Second trial: phase 1 for BMN‐673 



Many putative therapeutic biomarkers 
h b id tifi d

681640

have been identified
LapatinibABT 263 681640
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Landscape of drug sensitivity in cancer
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Target validation and discovery: 
l i f d b d IC50 lclustering of drugs based on IC50 values

EGFR cluster
4 EGFRi

MEK cluster
4 MEKi

pan-RAF

PLX4720



Complex signatures of drug responsep g g p
• Single gene mutations rarely explain the range of drug sensitivities observed.

Mutation‐type Tissue
Transform of BRAF_PLX4720

10000

BRAF inhibitor PLX4720
Mutation‐type Tissue

1000

10000

10

100

C
50

 u
M

1

10IC

0.1
WT

All tissues
V600

colorectal
V600

melanoma



Drug response as a logic combination 
f i kof genomic markers 

Models that explain sensitivity as logic combination of mutations CNVModels that explain sensitivity as logic combination of mutations, CNV, 
gene expression, methylation and tissue.

“AND”

& Sensitivity to 
PI3K inhibitor

TP53 mut.

PIK3CA mut.

AND

S iti it tBRAF mut.
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ut.
KRAS mut. 

BCR_ABL mut. 

Explain more of the variation in drug response.

Lodewyk Wessels, NKI



www.cancerRxgene.orgwww.cancerRxgene.org

Web release 4 (March 2013):Web release 4 (March 2013):
• 142 drugs
• 78,000 IC50 values
• 714 cell lines
• All drug sensitivity and genomic data are freely available



www.cancerRxgene.orgwww.cancerRxgene.org



www.cancerRxgene.orgwww.cancerRxgene.org
PLX4720



Summary

• Clinically relevant association between drugs and cancer 
b d d h h h h ll lgenes can be detected in high‐throughput cell line 

screens.

• Many novel gene‐drug associations have been identified, 
including sensitivity of Ewing’s cells to PARP inhibitorsincluding sensitivity of Ewing s cells to PARP inhibitors.

• Most cancer genes influence drug response and• Most cancer genes influence drug response and, 
conversely, most drugs are influenced by cancer genes. 

• For most drugs, single cancer genes do not explain the 
range of observed drug responses.range of observed drug responses.
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