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Spread of pancreatic cancer

From www.curepancreaticcancer.com



Protocol

Nature Genet 2008; 40: 723-9

• Correctly mapping reads    → Copy number analysis
Point mutations

• Incorrectly mapping reads   → Rearrangement analysis



Paired-end sequencing
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Outline

• Patterns of rearrangement in pancreatic 
cancer

• Phylogenetic studies

• Translational applications



Comparison across samples
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Fold-back inversions
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Breakage-Fusion-Bridge



Repeated breakage-fusion-bridge
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Comparison with breast cancer
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Outline

• Patterns of rearrangement

• Phylogenetic studies

• Translational applications



Dynamics of genomic instability
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Phylogenetic relationships
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Phylogenetic tree
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Dynamics of genomic instability
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Clonal relationships across organs



Organ-specific branches



Convergent evolution
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Organ-specific signature



Organ-specific signature
Lung metastasis
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Summary

• Genomic instability changes through cancer ‘life 
cycle’

• Metastases show on-going, parallel and even 
convergent evolution

• Signatures of selection among metastases

• Organ-specific genomic signatures



Outline

• Patterns of rearrangement

• Phylogenetic studies

• Translational applications



Personalised Haematology
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2 patients with breast cancer

Identify tumour-specific rearrangements
from cancer DNA
(>20 per patient)

Design quantitative assay for rearrangement
(3 per patient)

Extract DNA from plasma
(5-10ml blood sample)

Quantify tumour DNA



Tumour-specific rearrangements



Assay design

C o p y n u m b e r

0

1

2

3

4

5

6

70.7Mb 71.8Mb

Chr 11

71614537
70835220

780 kb deletion

1st round PCR

Nested real-time PCR



Detecting 1 copy of tumour genome

Amount of DNA
in one human cell

Real-time PCR quantification (Ct)
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Relapsing breast cancer
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Serial measurements

Months after diagnosis
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Potential healthcare 
applications

• Monitoring tumour response to therapy in real-time
– Reduce toxicity, prevent drug wastage

• Identifying disease relapse before clinically evident
– Pre-emptive therapy

• Choosing intensity of adjuvant therapy based on risk 
stratification

• Surrogate marker of cell kill in early phase clinical trials



Translation strategy

Proof of principle

Observational study
(breast, colorectal & bone cancer)

Interventional studies
(randomised trials)

Optimise protocol
(explore probes / PCR conditions;
limiting DNA; paraffin-embedded) 

Automation
(sequencing; assay design)

Centralised service
(nuts-to-soup)

Integration into NHS
(machine & assay reagents)
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