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MOLECULAR PATHOLOGY

Molecular Pathology is an emerging discipline (WIKIPEDIA)

 A crossover discipline (anatomy, clinical pathology, biochemistry, genetics, proteomics)

 Multidisciplinary in nature

 Examination of tissue, body-fluids, molecules

 Technology-driven proteomics

genetics

anatomy

Liquid biopsy

pathologyPreclinical models



MOLECULAR PATHOLOGY

Incredibly fast evolution in recent years

Lakhani & Ashworth 2001. Nature



MOLECULAR PATHOLOGY: THE VISION

Harris & McCormick. Nature. 2010



MOLECULAR PATHOLOGY: ARE WE GETTING THERE?

 Identification of EGFR monoclonal antibodies

 Identification of KRAS mutations as predictive 

biomarker

MSI tumors responders to Immunotherapy

 Identification of EGFR mutations

 Identification of fusion genes

Opportunity for immunotherapy



WHY IT IS SO COMPLEX



What we have been doing in the past



MOLECULAR PATHOLOGY: WHAT WE HAVE DONE

Collect 
samples
Collect 

samples

• 500 tumor/normal

• 50 different major 
cancer types

Genome 
analysis
Genome 
analysis

• genome

• transcriptome

• methylome

Make data 
available

Make data 
available

• Research 
community

• public

MULTIDIMENSIONAL TUMOR PROFILING



Nearly universal features of PDAC: 

activation of KRAS and inactivation of TP53

Waddell N, et al – Nature 2015

WGS redefines the molecular landscape of PDAC



Intra chromosomal rearrangment
Inter chromosomal translocation

Duplication
Tandem duplication

Inversion
Foldback inversion

Amplified inversion
Deletion
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WGS redefines the molecular landscape of PDAC

Waddell N, et al – Nature 2015



Stable
(<50 events)

Focal
(50-200, 50% on 1 Chr)

Unstable
(>200 widespread)

Scattered
(50 – 200 widespread)

30% 14%

20% 36%
WGS-KARYOTYPE

Waddell N, et al – Nature 2015

WGS identifies 4 subtypes of PDAC



• 10 pathways

• 32 recurrently 
mutated genes

Bailey et al, Nature 2016

96%

78%

24%

14%

24%

25%

16%

15%

12%

47%

Driver Gene Analysis 
(N = 456)

WGS identifies the molecular landscape of PDAC



RNAseq of 96 cases

• 4 classes based on 

transcription factors 

and downstream 

targets

• Enriched with specific 

histological features

Bailey et al, Nature 2016

RNAseq identifies 4 functional subtypes of PDAC



• Enriched for TP53 and 

KDM6A mutations

• Loss of pancreatic 

endodermal identity

Bailey et al, Nature 2016

RNAseq identifies 4 functional subtypes of PDAC



• Squamous subtype has 

the worst prognosis

• Distinct responses to 

therapy

• Distinct immune 

contexture

RNAseq identifies 4 functional subtypes of PDAC

Bailey et al, Nature 2016



Pancreatic Cancer “Actionable Genome”

The actionable genome: room for testing-repurposing



Waddell N, et al – Nature 2015

The actionable genome: examples of effectiveness



Immunogenic Subtype

RNAseq identifies 4 functional subtypes of PDAC

Bailey et al, Nature 2016
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