
Rodrigo Toledo
Biomarkers and Clonal Dynamics Group
Vall d’Hebron Institute of Oncology (VHIO)
Barcelona

Deciphering Tumor Evolution using longitudinal ctDNA.

ACT-Discover: identifying karyotype heterogeneity in 
cancer evolution using ctDNA



Science, 1976



Multi-region tumor whole-exome sequencing

Gerlinger et al, NEJM 2012



Evolutionary history of tumors unveils therapeutic susceptibility

Gerlinger et al, NEJM 2012



Evolutionary history of tumors unveils therapeutic susceptibility

Gerlinger et al, NEJM 2012



Abbosh C et al, Nature 2017
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1 mutation

Gene Panels

30-500 genes

WES-cfDNA

20.000 genes

Can whole-exome sequencing be applied to ctDNA ?
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R=0.75
P < 0.0001

R=0.74
P < 0.0001

R=0.45
P < 0.0001

R=0.61
P < 0.0001

cfDNA-Tumor Concordance:
63,8% (315/494)

Plasma WES-cfDNA portrays a comparable genetic profile to tumor-WES at baseline
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Elez E et, Nature Medicine 2022

Whole-exome sequencing of cell-free DNA to predictive biomarker analysis



Signs of tumor evolution in baseline plasma cfDNA and diagnostic sample (4 yrs gap)

Primary
Tumor

Plasma

Long-SD

3L Encorafenib
Cetuximab

4 years 

VHIO_33

Unpublished, do no post



2016-03

Liver metastases

2016-05

Partial Response

2017-01

Marked differential 
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Decrease in density 
(response) SD by RECIST

Progressive disease

2016-10

Folfox + Bevacizumab (X4) Folfiri + AfliberceptDabrafenib + Panitumumab + Trametinib (X12)

Evidence of different clonal profiles in cases with dissociated response to BRAFi
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Hastins et al, Annals of Oncology 2021
Collaboration with Jackie Shaw (UK)

Longitudinal whole-exome sequencing of cell-free DNA for tracking the co-evolutionary 
tumor and immune evasion dynamics

Progressive 
HLA loss
PDL1 gain
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Can whole-exome sequencing be applied to ctDNA ?

Yes ! (high shedders)
• Mutation profile
• Clonal dynamics
• Copy Number profile
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Hueber A et al , Genome Medicine 2023
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Genomic profile characterization of Pancreatic Cancer using multi-origin samples

Hueber A et al , Genome Medicine 2023



SNP phasing increases sensitivity up to 30% the detection of CNA and mutations in 
plasma ctDNA of low shedders



ACT-Discover haplotype-aware CNA calling outperforms ichorCNA



Detection of acquired  somatic events in CREBBP, AKAP9, ACSL6, ATM and KMT2A in 
pancreatic cancer during systemic treatment with gemcitabine and paclitaxel
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Can whole-exome sequencing be applied to ctDNA ?

Yes ! (high shedders)
• Mutation profile
• Clonal dynamics
• Copy Number profile
• bTMB (current ongoing)
• Neoantigen detection (A. Gros)




