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Omics in Cancer



Meyerson, Nature Reviews Genetics 2010; 11:685
Staaf et al. Nature Medicine 2019; 25:1526

Sequencing data can be 
mapped and reanalysed at

a later stage

Advantages of Whole Genome Sequencing

Re-arrangements and Copy number variations



N=2,658 cancers
38 types of cancer

February 2020

Sequence 100,000
genomes from 85,000 NHS
patients affected by a rare

disease, or cancer

Cancer arm launched in 2014
Berner et al. Current Genetic Medicine Reports 2019; 7:136 
Turnbull C. Ann Oncol 2018; 29:784

Nature 534, 462–463 (23 June 2016)

WGS initiatives Worldwide



Breast Cancer Intrinsic Subtypes :Diagnosis and Prognosis

HER2 enriched

Luminal B

Basal

Luminal A

• luminal A-like : ER+, lowproliferat. (Ki67 <20%)

• luminal B-like : ER+, high proliferat. (Ki67 >30%)

• HER2 negative
• HER2 positive

• HER2 enriched : ER/PR- ; HER2+
• Basal-like : ER/PR/HER2 – (TNBC)



Angus et al. Nature Genetics 2019; 51:1450

WGS in 442 metastatic BC

Mutational Signatures in BC

N=155

WGS to identify patients for 
targeted therapy



Waddell N et al. Nature 518:495-504, 2015

Subtypes of pancreatic cancer: Classifying by structural variation 



Waddell N et al. Nature 518:495-504, 2015

Responses to platinum therapy



Golan T. et al., N Engl J Med 2019;381:317-27

Phase III POLO study: Olaparib after platinum 
therapy in BRCA mutant patients

PARP inhibition is
effective in

germline BRCA 1/2 
mutant tumors



Talazoparib in deleterious mutation in
HR pathway gene (somatic and

germline) other than BRCA1 or BRCA2

Gruber et al. J Clin Oncol.2019;37(suppl 15;	abstr	3006)

Platinum Salts

Tutt et al. Nature Medicine 2018; 24:628

Clinical utility HRD deficiency in BC



PanCancer analysis identifies predisposing germline variants



Compared classification from PDAC profiling studies

Dreyer S.B. et al. Clin Cancer Res; 23:1638-46, 2017; Le Large et al., Seminars in Cancer Biology, 2017

Transcriptomics

Bailey

Collisson



The COMPASS 
study design

O'Kane ASCO GI 2019; 
Clin Cancer Res 2020

Lack of GATA6 correlates with basal-like subtype 
and worse response to mFOLFIRINOX
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1% PDAC with MMR
IHC was the most accurate method to 
define MMR 
ORR to pembrolizumab was 62% (5/8)

Humphris et al Gastroenterology 2017; 

Lee al Science 2017

Homologous Recombination 
and DDR mutations increase 

immunogenicity

MMR and HDR in PDAC



Pleasance et al., Annals of Oncology 2022

Frequently informative genes and genome signatures

Whole-genome and transcriptome analysis 
enhances precision cancer treatment options

• Samples from 570 patients with advanced 
or metastatic cancer of diverse types 
underwent WGTA.

• Clinically actionable targets were 
identified for 83% of patients; 37% of 
them received WGTA informed 
treatments. 

• RNA expression data were particularly 
informative

• 46% of treated patients experienced 
positive clinical benefit.



• While a single type of omics can 
provide a significant amount of 
information at a specific level, the 
complexity of intra and 
extracellular mechanisms can 
only be addressed by combining 
several omics approaches to 
provide a complete picture of 
cancer pathogenesis and 
progression

• With Multiomics (the combined 
use of genomics, transcriptomics, 
proteomics, metabolomics, and 
other technologies yet to fully 
unfold) we can obtain a complete 
dynamic vision of cancer.

Multiomics in Cancer



In-bulk multiomics provide a deep insight into cancer biology, but there 
are still some limitations and bias with this technology, such as tumor 
heterogeneity, tumor stroma contamination.

These problems may be overcome with new multiomics single-cell 
methods, able to study the different tumor cell populations

Today is possible to combine single-cell gene expression with single-cell:
• Genomics
• Surface Proteomics
• DNA methylation
• ATAC-seq
• TCR profiling
• Antigen Specificity

Recently, also spatial transcriptomics methods were developed to map 
cancer transcriptome on the tissue

spatial transcriptomics

Single Cell DNA sequencing: Fresh tissue or frozen and FFPE*
Single Cell RNA sequencing: Fresh tissue



Cell-surface proteins are a rich source 
of immune and targeted therapies

The Cancer Surfaceome Initiative 
integrating data from single-cell and 
bulk genomics and 
transcriptomics,and target 
actionability created a compendium 
of the surface proteome 
(surfaceome)

With this compendium they were able 
to identify novel target for 
personalized medicine 





Mosele et al, Ann Oncology 2020
ESCAT, ESMO Scale for Clinical Actionability of molecular Targets (I-IV levels)

The ESMO Precision Medicine WG recommended for CCA a 
targeted multigene NGS-based genomic profiling for the 
detection of ESCAT level I actionable alterations (improved 
outcomes in clinical trial), such as:
IDH1 mutations, FGFR2 and NTRK fusions and MSI-H. 

In US: FoundationOne CDx, an assay targeting up to 324 
genes, was recently approved as a companion diagnostic 
test for pemigatinib therapy in patients with CCA with 
FGFR2 fusions or other rearrangements.



• Microlab STAR-Hamilton for automated 
library preparation and Illumina ä
Novaseq6000 for sequencing.

• Profiling performed by TruSight Oncology 
500 high throughput (TSO500HT, Illumina) 
(DNA or RNA ≥ 40 ng).

• Samples below the required quantity for 
TSO500HT, undergo Oncomine Focus assay 
(Thermofisher) for DNA and Archer’s 
FusionPlex Lung panel for RNA evaluation.

The FPG500 Project : Tecnologies and criteria

Tumor type Target
Breast PIK3CA

Lung EGFR
ALK
ROS1
BRAF
NTRK
RET

Ovary BRCA 1/2

Pancreas BRCA 1/2
NTRK

Prostate BRCA 1/2
Melanoma BRAF
GIST c-kit

PDGFRα

Colorectal KRAS
NRAS
BRAF
NTRK

Thyroid RET
Endometrium POLE

FPG500 profiling of 1057 pts at 0ct 14, 2022


