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Introduction

• Biomarker testing

• Cell free nucleic acid into the realm of clinical testing

• Oncomine™  research assay principles

• Oncomine™  research assay interpretation

• Clinical implications and reporting

• Other biomarkers to consider in solid tumors



Future potential roles for Biomarkers in 
helping to answer

Image courtesy of Dr Philip Jermann, Basel



Tissue biopsy  and biomarkers research 
testing
• Tissue biopsy samples are widely used to characterize tumours but 

the applications are limited
• tissue availability 

• sampling frequency

• genetic heterogeneity

Image courtesy of Dr Philip Jermann, Basel



Tumour tissue heterogeneity



Cell-free NA

• Circulating cfNA, commonly named “liquid biopsy”, has emerged as a new promising non-invasive tool to 
detect biomarkers in several cancer research studies while bypassing the problem of tumour heterogeneity 
and ease of access to sample



Nucleic acid present in plasma 

• miRNA
Small 18-24nt RNA wrapped in a large complex of proteins

• Exosomes
Microvesicles of about 50-100nm exocytosed from cells; contain miRNA and 
mRNA

• Circulating cell-free DNA (cfDNA)
Fragmented non-encapsulated DNA of about 170bp; rapidly degraded



Origins of cfDNA

• Necrosis
• Caused by factors external to the cell

• Infection, toxins, trauma

• Cell contents are released

• DNA degrades into nucleosomal units

• Apoptosis
• Programmed cell death

• Cell fragments into apoptotic bodies, which are digested by phagocytes

• Very little DNA released



Potential future utility of cfDNA assays
• Treatment decisions with regards to targeted drugs and therapies

• Relapsed, progressive or advanced disease

• May overcome tumour heterogeneity / sampling error*

• Prognosis prediction

• Acquired resistance

• Response to treatment

• Currently four research assays:
• cfDNA Lung 
• cfDNA Breast
• cfDNA Colon
• cfTNA Pan-cancer

• Out of scope for cfDNA assay research
• Screening
• Newly diagnosed cancer where tissue is available*
• Early stage cancer – likelihood of false negatives greatly increased*
• Genetic susceptibility screening
• New drug or target discovery
• Advanced or relapsed/refractory disease where tissue is available*



Advantages of cfDNA

• Homogeneity of plasma cfDNA

• Ability to take blood samples at various timepoints to enable 
multiple/repeat samples and time-course potentially enables:
• Earlier detection

• More samples from more patients

• Detect actionable mutations

• Changes in mutation levels over time

• Ability to detect secondary cancers by biomarkers



‘Research studies highlighting potential application 
of cfNA testing in Oncology research’

Transl Lung Cancer Res 2019 JCO Precis Oncol. 2019

Oncotarget, 2016
Oncotarget, 2017

Oncotarget, 2017 Human Genomics, 2019



Performance variables

• Limit of detection
• Very low levels of circulating tumour nucleic acid (ctNA)
• Blood contamination may easily cause false negatives
• Early / small tumours may not shed enough ctNA for detection
• Larger sample volumes than usual

• Release of cellular / leucocyte NA
• Incorrect storage or collection of samples
• EDTA – 2 hours from collection to processing
• Streck – 48 hours from collection to processing
• Specialised equipment for separation and extraction of ctNA

• Type of assay
• Capture PCR and Sanger sequencing
• ddPCR
• Next generation sequencing



Biological Limitations of cfDNA Analyses



Cancer NGS Research Screening Panels
• Purified DNA is amplified by multiplex PCR for library preparation 

followed by NGS

• Hundreds of primer sets to detect a wide range of mutations.

• Sensitivity depends on the system used, but can be anywhere 
from 5% to less than 0.1% frequency of mutation detected.
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Oncomine™ research platform concordance

Ion Torrent Application Note COL03101



Oncomine™ research platform

• First next-generation sequencing platform approved as companion 
diagnostics by FDA – Thermo Fisher

• Assay designed specifically for use with ctNA
• PCR enrichment of very short fragmented ctNA
• Bead capture and droplet PCR using automated technology
• Sequencing performed on Ion Torrent platform
• 2 000 000x coverage of each locus (cf. 2000x for tissue samples)
• Limit of detection 0,1%

• Bioinformatics
• Designed specifically for detecting low frequency variants such as found in cell-free 

assays
• Access to treatment guidelines and clinical trials



Library Construction Workflow cfTNA



Unique Molecular Identifier (UMI)-Based 
Target Sequencing cf assay

Detection of somatic mutations at 0.1% frequency from cfDNA in peripheral blood with a multiplex 
next-generation sequencing assay Ion torrent, Thermo-fisher Poster



• STEP 1:Technical QC review on the entire run

• Per sample QC on Torrent browser suite

• Run research panel specific specific workflow and apply variant basic 
filter (analysis in Ion reporter)

• Selection of final variants to report (QC filtering in excel)

• Report generation

Post sequencing analysis: Workflow overview



Step 1: Technical run QC



Step 2: Per sample coverage analysis 
assessment

• Check which amplicons are < defined threshold

• Are the drivers covered?

Mapped reads Minimum per panel

On target >90%

Mapped reads >1500x

Uniformity >90%



Step 3: Variant calling in Ion Reporter
Step 4: Variant filtering in excel
• Run research panel specific workflow in IR

• Apply filter in IR

• Detailed filtering and variant selection in excel

• Confirm known problematic regions in IGV



Step 3 and 4: which variants to report
Filter false positives and SNPs
• Exclude UCSC common SNPs
• Exclude synonymous mutations
• Exclude intronic mutations but look for those with splice sites (exclude p.? But not if close to exon-intron 

border, -4/+4 relevant)
• Exclude MAF and GMAF >0.01 and MAF ref+ and exclude benign and likely benign but always verify first
• Exclude homopolymers >5
• Exclude Phred <100
• Exclude coverage <500- consider tumour cell content
• Exclude strand bias >1/5
• Exclude VAF <5%
• Consideration to the type of sample- is it FFPE? Deamination artifacts C>T or G>A

Specific cell free variables to consider:
• Med read coverage: >25000
• Med molecular coverage: 2500
• Molecular count: >3 or previously confirmed >2
• 1.5 million reads
• Oncomine filter



Clinical research interpretation: describing what the 

result means regarding the blood sample'



Guidelines for research molecular pathology reporting
Interpretation of Sequence Variants in Somatic Conditions AMP 
Working Group technical and reporting survey



Example of Oncomine™ Reporter Case 



Cell-free Lung research assays
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Research of predictive biomarker testing in NSCLC

Research exploring the 
utility in future targeted 

therapy



Applications for Liquid Biopsy
Detection of T790M resistance mutation in NSCLC

Osimertinib



Oncomine™ Lung cfTNA Research Assay
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Research studies highlighting potential application 
of cfNA testing in Oncology research



Research studies highlighting potential application 
of cfNA testing in Oncology research
ALKF

BRAF 

EGFR

ERBB2 

KRAS 

MAP2K1 

METC

NRAS 

PIK3CA 

RETF

ROS1F

TP53

EXON 19 DEL, 21 L858R

EXON 20 INS, S768I

EXON 20 T790M

EXON 18 MUT

EXON 20 G724S, C797S

COMPOUND MUT

Signal transduction and targeted therapy 2019

Case Rep Oncology 2019

OncoTargets and Therapy 2018



Research studies highlighting potential application 
of cfNA testing in Oncology research
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Research studies highlighting potential application 
of cfNA testing in Oncology research
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Research studies highlighting potential application 
of cfNA testing in Oncology research
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Research studies highlighting potential application 
of cfNA testing in Oncology research
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Research studies highlighting potential application 
of cfNA testing in Oncology research
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Research studies highlighting potential application 
of cfNA testing in Oncology research
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Research studies highlighting potential application 
of cfNA testing in Oncology research
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Research studies highlighting potential application 
of cfNA testing in Oncology research
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Research studies highlighting potential application 
of cfNA testing in Oncology research
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Research studies highlighting potential application 
of cfNA testing in Oncology research
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Research studies highlighting potential application 
of cfNA testing in Oncology research

Rehman S, Dy GK. EMJ Respir 2018
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Research studies highlighting potential application 
of cfNA testing in Oncology research

Bronte G et al. Lung Cancer: Targets and Therapy 2019

Medicine 2019
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