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Hereditary tumors 

Cancer 

Hereditary 

~10 % 

Sporadic 

~90 % 

Syndrome Associated Gene 

Familial retinoblastoma RB1 

Li-Fraumeni TP53 

Familial adenomatous polyposis APC 

Hereditary non –polyposis colorectal cancer MLH1, MSH2, MSH6, PMS1, PMS2 

Wilms’ tumor WT1 

Framiliar breast and ovarian cancer  BRCA1, BRCA2 

Von Hippel-Lindau VHL 

Cowden PTEN 
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Cancer genomics 
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Cellular differentiation 
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The Waddington hill -Differentiation 
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Differentiation. Epigenetics 
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Pancreatic cancer: genetics 

Weinberg RA (2014) The Biology of Cancer (2nd Ed) 
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Cancer reprograming 
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Heterogeneity: intertumoral 

Single genetic marker classification. 
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Fig. 1 | Genomic aberrations characteristic of pancreatic cancer. a | The most commonly mutated genes in pancreatic 

cancer are shown. Non-silent mutations (blue), amplifications ( 8 copies; red), deletions (purple) and structural variants 

(green) are ranked in order of exclusivity. Note that after KRAS, TP53, CDKN2A and SMAD4, only a few are mutated at a 

prevalence of 5%, such as KDM6A, RBM10, MLL3, ARIDIA and TGFBR2. Genes mutated at high prevalence in pancreatic 

cancer have not been targeted therapeutically , although substantial effort is underway to develop therapeutics that 

target activating KRAS mutations, which occur in 90% of pancreatic cancers. The remaining highly prevalent mutated 

genes are inactivated through mutation. b | Mutated genes can be grouped into pathways and processes that are relevant 

in pancreatic cancer on the basis of known mechanisms of importance in carcinogenesis. Figure adapted from REF.56, 

Springer Nature Limited.

www.nature.com/nrgastro

REVIEWS

Collison EA (2019) Nat Rev Gastroenterol & Hepathol 

Heterogeneity 



Heterogeneity: intertumoral 

Collison EA (2019) Nat Rev Gastroenterol & Hepathol 

FIGURE 4

(FIG. 4)

Subtyping using other methodologies

(TABLE 1)
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Fig. 3 | Transcriptomic subtyping of pancreatic cancer. a | A comparison is shown  

of transcriptomic subtypes described by Bailey et al., Moffit et al. and Collisson et al.  

using the Bailey et al. International Cancer Genome Consortium data for high-cellularity 

pancreatic ductal adenocarcinoma (PDAC) ( 40% epithelium). The original Bailey et al. 

unsupervised analysis of RNA sequencing data is shown, with classifications using 

Collisson et al. and Moffit et al. shown above for comparison. The colour gradient indicates 

relative mRNA expression. b | A Kaplan–Meier analysis of patient survival stratified by 

PDAC class demonstrates the clinically relevant aspect of these classifications, showing 

poor prognosis for the Squamous subtype. ADEX, Aberrantly Differentiated Endocrine 

Exocrine. Parts a and c adapted from REF.56, Springer Nature Limited.

www.nature.com/nrgastro
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Intertumoral heterogeneity. Actionable mutations 

Collison EA (2019) Nat Rev Gastroenterol & Hepathol 
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Indirect therapeutic targets 

* 

Weinberg RA (2014) The Biology of Cancer (2nd Ed) 
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Heterogeneity: intratumoral 

Pedersen et al Oncogene (2017) 

Heterogeneity 



Heterogeneity: intratumoral, intralessional 

KRAS G12V 41 49 42 39 

KRAS G12D 

TP53 V272M 99 99 99 99 

TP53 Y103* 

SMAD4 P246Q 15 

SMAD4 G247R 26 

STK11 A273T 4 

STK11 P324L 19 

CDKN2A G114C 10 

VHL W88C 6 
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Liquid biospy 

Heterogeneity: intratumoral, interlessional 

Heterogeneity 
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Liquid biopsy 

Haber, D & Velculescu, VE (2014) Blood-Based Analyses of Cancer: Circulating Tumor 

Cells and Circulating Tumor DNA. Cancer Discovery 

Liquid biopsy 



Liquid Biopsy Time-Line 

1948: Mandel & Métais: 

cell free DNA(cfDNA) 

1977: cfDNA increased 

in cancer patients 
1989. Stroun: cancer 

cells produce cfDNA 

1991: Sidransky: TP53 

mutations in bladder cancer 

1994: KRAS mutations 

in pancreatic cancer 

2008 Diehl & Díaz: 

minimal residual disease 

1999: Vogelstein & Kinzler: 

digital PCR 

Liquid Biopsy 

2012: Hybrid capture sequece 
ctDNA 

1950 1960 1970 1980 1990 2000 2010 2020 

2012: Amplicon Sequence 

2012:Whole Genome Sequence 

2018 De Carvalho 

Cell-free methylomes 
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cfDNA: characteristics 

• Concentration: 1-10 ng/ml 

• Modal length: cfDNA166 nt 

• Half-life: 15 min – 2.5 hours 

Liquid biopsy 



Analysis of ctDNA during the course of disease 

Wan J. C. M. et al (2017) Nat Rev Cancer 
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ctDNA across tumor stages 

Bettegowda, C. et al. Detection of circulating tumor DNA in early- and late-stage 

human malignancies. Sci. Transl Med. 6, 224ra24 (2014). 

Stage 0 
Carcioma in situ 

Stage I 
Localized 

Stage II 
Locally advanced 

(early) 

Stage III 
Locally advanced 

(late) 

Stage IV 
Metastatic 

2 mc/ml 20-200 mc/ml 

mc:mutant copy 
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Methods 

Known mutations 

Panel of genes 

Whole genome 

0.001%-0.01% mutant copies 

1 mutant copy /ml 

0.01%-5% mutant copies 

5%-10% mutant copies 

0,001 0,01 0,1 1 10

% mutant copies 
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Early diagnosis 

Martincorena, I. et al. High burden and pervasive positive selection of somatic 

mutations in normal human skin. Science 348, 880–886 (2015) 

o Aiming for sensitivities > 1 mc/ml (0.001%) by 

improving: 

   • Technology 

   • Sources 

 

o Biological relevance of TP53, KRAS or Notch 

mutations? 

Liquid biopsy 



Molecular profiling: biopsy versus liquid biopsy 

L790M 

L790M 

60-90% concordance 

Qian, X. et al. Circulating cell-free DNA has a high degree of specificity to detect exon 

19 deletions and the single-point substitution mutation L858R in non- small cell lung 

cancer. Oncotarget 7, 29154–29165 (2016)  

 

Douillard, J.-Y. et al. First-line gefitinib in Caucasian EGFR mutation-positive NSCLC 

patients: a phase-IV, open-label, single-arm study. Br. J. Cancer 110, 55–62 (2014). 

 

Mok, T. S. et al. Osimertinib or platinum–pemetrexed in EGFR T790M-positive lung 

cancer. N. Engl. J. Med. http://dx.doi.org/10.1056/NEJMoa1612674 (2016). 
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Selection by treatment 
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ctDNA to monitor response, clonal evolution and resistance 

Wan J. C. M. et al (2017) Nat Rev Cancer 
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Future directions 

• Mechanisms of ctDNA generation. Do all clones 

produce the same levels of DNA? 

• DNA-binding proteins 

• Integration with other circulating NA (miRNAs) 

• Gene expression patterns 

• Epigenetics 

 

Liquid biopsy 



Epigenetics in liquid biopsy 

Liquid biopsy 
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Centre for Network Biomedical Research 

Bioengineering, Biomaterials and Nanomedicine 

Cardiovascular diseases 

Diabetes and associated Metabolic Diseases 

Liver and Digestive Diseases  

Rare Diseases 

Respiratory Diseases 

Epidemiology and Public Health 

Frailty and Healthy Ageing 

Obesity and Nutrition 

Mental Health 

Cancer 

Stable Infrastructure 

CIBER 



38 Centers 
 

533 Members 

34 Collaborators 

81 Staff 

701 Researchers 

50 Groups 

CIBERONC. Centers 
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CIBERONC - Aims 

Epidemiology 

Clinical trials 

Classification / 

Biomarkers 

Liquid Biopsy 
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Liquid Biopsy & Biomarkers 
Rodrigo Toledo 
Vall d’Hebron Instituto de Oncología 

Cancer Bioinformatics & Omics 
Víctor Quesada 
Universidad de Oviedo 

Drug Resistance & New Therapies 
Alberto Ocaña 
Universidad de Castilla La Mancha 

Immuno-Oncology 
Pedro Berraondo 
Centro de Investigación de Medicina Aplicada 

Experimental Models 
Patricia Pérez-Galán  

Instituto de Investigaciones Biomédicas August Pi i Sunyer 

CIBERONC – Work modules 



- AIMS: 

To develop a customized blood-based tumor mutation burden assay to 

predict the response to Immunotherapy.  

Our ultimate goal is to develop a specific bTMB assay for different tumour 

types.  

 

 

 

 
 

 

Whole-exome sequencing 
of cfDNA 

Tumor-specific 
bTMB gene panel 

Prediction of response to immunotherapy 



Cloud-based collaboration platform 

Researcher A Researcher B 

DATA 

BLOB 

Researcher C 



Genomic medicine at CIBERONC 


