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Introduction
1953 : Discovery of DNA double helix structure 
(Watson & Crick & Franklin)

1973 : First sequence of 24 bp sequenced (Gilbert & Maxam)
1977 : Sanger sequencing method published

1983 : development of PCR

2003 : Human genome sequenced
2005 : First Next generation sequencing system (Roche 454)

2011 : First Bench Top Next generation sequencer 
- PGM (Ion Torrent)
- MiSeq (Illumina)

1987 : 1st automated sequencer : Applied Biosystems Prism 37

1996 : Capillary sequencer : ABI 310Frederick Sanger (13 August 1918 – 19 November 2013) was an 
English biochemist University of Cambridge, UK
- In 1958, he was awarded a Nobel Prize in Chemistry "for his work on the structure of 

proteins, especially that of insulin". He identified how the amino acid chains are linked 
together.

- In 1980, Walter Gilbert and Sanger shared half of the chemistry prize "for their 
contributions concerning the determination of base sequences in nucleic acids".

https://en.wikipedia.org/wiki/Biochemist
https://en.wikipedia.org/wiki/Protein_structure
https://en.wikipedia.org/wiki/Insulin
https://en.wikipedia.org/wiki/Walter_Gilbert
https://en.wikipedia.org/wiki/DNA_sequencing


Sanger Sequencing (1977)

New method for determining nucleotide sequences in DNA
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Introduction
1953 : Discovery of DNA double helix structure 
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1973 : First sequence of 24 bp sequenced (Gilbert & Maxam)
1977 : Sanger sequencing method published

1983 : development of PCR

2003 : Human genome sequenced
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2011 : First Bench Top Next generation sequencer 
- PGM (Ion Torrent)
- MiSeq (Illumina)

1987 : 1st automated sequencer : Applied Biosystems Prism 37

1996 : Capillary sequencer : ABI 310



Sanger Sequencing
First generation sequencing (semi-automated)

17 juin 2022 5
Moorcraft et al. Crit rev oncol 2015



Advantages and limitations:
 Standard and most widely used method
 Long Read length (up to 800 bp)

• Low throughput (1-96 reads/run)
• Limited output:  +/- 80 000 bases per run

E.g. 1 single gene for 100 patients or 100 genes for 1 single patient
• Sequence mixture

Sanger Sequencing
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Up to 1000 bases
1 region at a time
Sensitivity around 20%

Sanger Sequencing: limitations
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Introduction
1953 : Discovery of DNA double helix structure 
(Watson & Crick & Franklin)

1973 : First sequence of 24 bp sequenced (Gilbert & Maxam)
1977 : Sanger sequencing method published

1983 : development of PCR

2003 : Human genome sequenced
2005 : First Next generation sequencing system (Roche 454)

2011 : First Bench Top Next generation sequencer 
- PGM (Ion Torrent)
- MiSeq (Illumina)

1987 : 1st automated sequencer : Applied Biosystems Prism 37

1996 : Capillary sequencer : ABI 310

February 2001

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNOE2YP-hckCFctyFAodEHMMIw&url=http://nptel.ac.in/courses/102103017/39&psig=AFQjCNGOv4ZAh9fAfJ4hoKLBZBrbjUUG2Q&ust=1447249296312710
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• The human genome project : Started in 1990 by the NIH & the U.S. 
Department of Energy: 

– Sequence the 3 billion base of the human genome

– Discover the 20.000 human genes

• Lasted 13 years Cost 3 billion $ (1$/base)

The human genome project
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NGS

• The human genome project : Started in 1990 by the NIH & the 

U.S. Department of Energy: 

– Sequence the 3 billion base of the human genome

– Discover the 20.000 human genes

• Lasted 13 years Cost 3 billion $ (1$/base)

• 2007: Craig Venter: 4 years, $100 million
• 2008: James Watson: 2 years, $2 million  (NGS)
• 2009: 6 months, $200,000
• 2010: 1 month, $20,000
• 2011: 2 weeks,  $5,000
• 2012 : 2 weeks, $3,000
• 2015(?): <2 days, <$1,000 

The human genome project



Next Generation Sequencing
“Next-Generation” Sequencing technologies enable:

 Rapid generation of data
 By sequencing massive amounts of DNA (shorter read lengths)
 In parallel on a microchip (in a single reaction)

E.g. many gene fragments for many patients or whole exomes/genomes … 
 Has enabled revolution in cancer research

“Massive Parallel Sequencing“ 
“High Throughput Sequencing” : +/- 800 000 000 000 bp per run 

Source: Jason M. Rizzo and Michael J. Buck. Key Principles and Clinical Applications of "Next-Generation“ DNA Sequencing. Cancer 
Prev Res; 5(7) 2012.
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Sanger Sequencing vs NGS
• Sanger Sequencing 

– Low throughput (100kb)
– High cost
– Slow
– Low sensitivity (20-30% of mutant 

DNA) 
• -> low coverage depth

• Next generation sequencing
– High throughput (1-100 Gb)
– Low cost
– Fast
– High sensitivity 

• -> high coverage depth



Sanger Sequencing vs NGS 

Begin at the beginning and go on till you come to the end: then stop.
Lewis Carroll, Alice's Adventures in Wonderland.

http://www.quotationspage.com/quotes/Lewis_Carroll/


Sanger Sequencing vs NGS 



NGS: from WGS to targeted sequencing 
=> whole exomes/genomes or many gene fragments for many patients



NGS: different technologies
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Next Generation Sequencing
• Definition : Technologies that share the ability to 

massively parallel sequence millions of DNA templates

DNA Library

Clonal amplification Emulsion PCR« Polony » PCR

semiconductor sequencingReversible terminator sequencingsequencing



NGS workflow

+enrichment



NGS workflow

+enrichment



DNA Library: capture
WGS/WES/Targeted sequencing



DNA Library: amplicon or capture
WGS/WES/Targeted sequencing



NGS workflow

+enrichment
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Clonal Amplification

« Polony » PCR Emulsion PCR

semiconductor sequencing
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« Polony » PCR

Reversible terminator sequencing

Emulsion PCR

semiconductor sequencing

Sequencing
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Reversible terminator sequencing
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Semiconductor sequencing
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Semiconductor sequencing
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Semiconductor sequencing
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Semiconductor sequencing



NGS workflow

+enrichment



Data analysis (1)
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Primary analysis

BaseCalling

Signal

DNA Read

• Base Calling



• Trimming - removing parts of reads
– Removing adapters / barcodes
– Removing parts of reads that have low quality
– Quality control with FASTQC or Samstats tools

Signal loss during sequencing

Read length

Q
ua

lit
y

Primary analysis



Base Quality Values

• Each base in a read also has assigned base quality value
• Base Quality values are in the Phred scale

Defined as -10×log10 (error probability)
Predicts the probability of correct base call 



Quality Control



Quality Control



Data analysis (1)

17 juin 2022 37



Alignment / mapping

DNA Read Reference 
genome 
(human : 
hg19)

Secondary analysis
• Alignment

• Variant calling



Secondary analysis
• Annotation

Preferably HGVS nomenclature: http://www.hgvs.org/

barcode sample_name chrom position ref variant gene_id type allele_call genotype frequency quality coverage allele_cov aa_mut_type cds_mut_syntax
IonXpress_005 22M01490 chr2 212578392 AAG GAA ERBB4 MNP Heterozygous AAG/GAA 17.1 2772.22 1366 234 none ---
IonXpress_005 22M01490 chr2 212578380 AA - ERBB4 DEL Heterozygous AA/- 47.8 2772.22 1366 653 Intron ---
IonXpress_005 22M01490 chr4 1807894 G A FGFR3 SNP Homozygous A/A 99.8 33729.2 2000 1995 Silent ---
IonXpress_005 22M01490 chr4 1807922 G A FGFR3 SNP Heterozygous G/A 50.1 10742.2 1964 983 Intron. ---
IonXpress_005 22M01490 chr4 55141055 A G PDGFRA SNP Homozygous G/G 99.9 30314.8 1796 1795 Silent ---
IonXpress_005 22M01490 chr7 55228053 A T EGFR SNP Homozygous T/T 100.0 33779.1 1988 1988 Intron. ---
IonXpress_005 22M01490 chr7 55249063 G A EGFR SNP Homozygous A/A 99.8 33792.1 2000 1996 Silent ---
IonXpress_005 22M01490 chr7 116435768 C T MET SNP Homozygous T/T 99.6 33621.5 1999 1992 Silent ---
IonXpress_005 22M01490 chr7 140481402 C G BRAF SNP Heterozygous C/G 6.8 180.741 1994 135 p.G469A c.1406G>C
IonXpress_005 22M01490 chr11 534242 A G HRAS SNP Homozygous G/G 99.4 7750.83 520 517 Silent c.81T>C
IonXpress_005 22M01490 chr17 7579472 G C TP53 SNP Heterozygous G/C 49.8 4768.01 880 438 Polymorphism. ---



Secondary analysis
• Variant calling

SNP/MNP

Indel



Data analysis
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Next generation sequencing: 
data analysis and pratical aspects



Cancer research by NGS

 Many complete tumor genomes have been sequenced

 Many mutations in “cancer genes” per tumor

 “Cancer is a disease of the genome”

 New insight: every tumor is different – every patient is different

43



Number of mutations per tumor demonstrated by NGS
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Source: B Vogelstein et al. Science 2013;339:1546-1558



Cancer research by NGS
Translation to the clinic

More refined diagnosis and subtyping of tumors
 Clinical findings + medical imaging + histology + immunophenotype

+ genome

Challenge for therapy
 New “targets” for therapy – “targeted” therapy

• Revolution in clinical research
 Selection of therapy based on the genome of the tumor

“personalized therapy” of cancer– “precision medicine”

45



Personalized medicine in oncology
Highly facilitated by NGS detection of DNA variants

The « one biomarker –
one drug » scenario → 
integrated approach 
with multiple 
biomarkers and drugs 46



Lung adenocarcinoma
Different genetic subtypes – different cancers

47

Chaft JE, Rimner A, Weder W, Azzoli CG, Kris MG, Cascone T. Evolution of systemic therapy for stages 
I-III non-metastatic non-small-cell lung cancer. Nat Rev Clin Oncol. 2021 Sep;18(9):547-557.



Multiple EGFR mutations are found in NSCLCs
T790M most associated with drug resistance

*The most clinically relevant mutation in exon 20.
1. Sharma et al. Nat Rev Cancer 2007;7:169–81.



FDA approved targeted therapies in solid malignancies (2020)
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Other applications of DNA variant detection
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+ microbiology



NGS versus traditional methods
Benefits in oncology

 Multiple anomalies at different genomic scales can be
assayed simultaneously

 More sensitive than Sanger sequencing
 Single extraction and single test instead of multiple tests

– Cost effective
– Improved turn-around time by avoiding sequential testing
– Tissue preservation – many genes simultaneously assessed from single 

extraction
 Potential for discovery of novel actionable targets
 Extreme flexibility of analysis types

– Many different genomic target types can be detected 

51



Pre-analytics

FFPE = Formalin Fixed & Paraffin Embedded 

preservation tissue structure storage and handling

Resection
biopsies

Needle biopsy

Recommendations

- min. 10% neoplastic cells
- tumor enrichment (macrodissection)
- no necrotic tissue or normal tissue
- fixation: min 6h, max 48h,  in 10% neutral buffered formalin
solution
- FFPE storage: max ± 3years



Extraction Workflow

DNA extraction



NGS workflow in Molecular Pathology

Nucleic acids extraction + QC       1 day

Library prep 1.5-2 days

next-generation-sequencing 1-2 days

Primaary and secondary analysis 1 day

variant interpretation – reporting 1-2 days/run

DNA extraction

15 days TAT 
recommended



Basic workflow for NGS sequencing 
technologies
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Source: Good et al. Genome Biology 2014, 15:438

NGS reactions 
generate huge 
sequence data 
sets in the 
range of 
megabases
(millions) to 
gigabases
(billions)

56



Source: Good et al. Genome Biology 2014, 15:438

most severe
bottleneck 
of the process

57
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Need of bioinformatics team / tools for:

 the sequence alignment
 variant calling
 variant filtration

=> to make sense of the huge amount of NGS data. 

Importance of bioinformatics

59



In house OR Commercial softwares available:

 Highlander
 SophiaGenetics
 NetxGNEe (Softgenetics)
 DataReporter softwares from Illumina, Agilent, QiaGEN,..
 …

BUT even after bioinformatics data analysis and filtration, NGS data still needs 
manual interpretation of those identified genes and variants.

Bioinformatics…

60



Common polymorphisms

Tertiary analysis

• Variant analysis – Biological Interpretation 



• Li, MM et al. Standards and Guidelines for the Interpretation and Reporting of Sequence Variants in Cancer. A Joint Consensus 
Recommendation of the Association for Molecular Pathology, Americal Society of Clinical Oncology, and Collage of American 
Pathologists. J Mol Diagn 2017, 19: 4-23.

• Sukhai, M. A. et al. A classification system for clinical relevance of somatic variants identified in molecular profiling of cancer. Genet. 
Med. 1–9 (2015). doi:10.1038/gim.2015.47

Tertiary analysis



Databases for clinical classification

Various ones with various criteria:

 COSMIC
 cBioPortal
 My Cancer Genome
 ClinVar
 PubMed
 …

⇒ Do not limit yourself to one option!
⇒ Look at: date of last update, levels of evidence, variant/tumor

type/drug combination, …

63



Presumed pathogenic mutation
 Clinical relevance?
 How to report to oncologist?

64



Databases for clinical classification
https://www.cbioportal.org/



Databases for clinical classification
https://www.mycancergenome.org



Example of output of commercial bioinformatics tool in a case 
of lung adenocarcinoma (Variant Studio, Illumina)

Variant allel frequency
Read Depth
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Source: A. Hébrant, G. Froyen, B. Maes, et al. Belg J Med Oncol 2017;11(2):56-67 : Modified with permission from Froyen et al., 2016.

Classification of the variants

“Pathogenecity” versus “clinical relevance”
68



Clinically relevant genes in ...

Colorectal cancers:
 KRAS, NRAS, BRAF

Melanoma:
 BRAF, NRAS, KIT

Lung:
 EGFR, KRAS, (ALK, ROS1)

GIST:
 KIT, PDGFRA

- Overlap – “solid tumor panel”
- Most gene panels also contain

emerging targets or frequently
mutated genes without clinical
relevance at present

- Typical panel contains 15 to 50 
genes

- No world wide consensus on 
diagnostic gene panel composition

- ComPerMed initiative in Belgium

- Actionable mutations
- Predictive for good response 

(sensitivity mutation)
- Predictive for lack of response 

(resistance mutation)

69



Importance of multidisciplinary approach

“molecular tumor board” – clinicians, radiologists, pathologists, 
geneticists, bioinformatician, …
Clinical case information:
• Age, diagnosis, stage, clinical status
• Prior treatments for metastatic cancer
• Measurable disease?
• Sample being tested
• Other clinically relevant information (clinical trial eligibility)
• Specific question

Specimen and/or molecular data:
• Specimen for genomic testing
• Genomic test report

70



Nomenclature of variants

71
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 Standards and Guidelines for the Interpretation and Reporting of 
Sequence Variants in Cancer (American group). MM. Li, M. Datto, EJ. 
Duncavage et al. The Journal of Molecular Diagnostics 2017;19(1).

 The Belgian next generation sequencing guidelines for haematological
and solid tumours. A. Hébrant, G. Froyen, B. Maes, et al. Belg J Med 
Oncol 2017;11(2):56-67.

 Pathological diagnosis and molecular testing in non-small cell lung 
cancer: Belgian guidelines. P. Pauwels, M. Remmelink, D. Hoton, et al. 
Belg J Med Oncol 2016;10(4):123-131.

 RAS-testing in colorectal cancer: Belgian guidelines. A. Jouret-Mourin, 
C. Cuvelier, P. Demetter, et al. Belg J Med Oncol 2015;9(5):183-90.

 …
⇒ Flow charts for variant analysis (Biological classification of the variants)

⇒ But no world wide standardization – Subjectivity remains

Guidelines
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NGS reporting - Main Challenges

To interpret the clinical genomic data:
 accurately and unambiguously
 in a timely manner 

 Significant number of mutated genes have been identified in the
major tumor types, although only a limited set have been shown to be
“driver” mutations
 Of those, the number of “actionable” mutations remains limited
 Challenge for report to clinic:

 Only (future) actionable?
 All pathogenic?
 What about ‘variant of unknown significance’?

 But knowledge is increasing rapidly – continuous traning of pathologists and 
molecular biologists required!

 Approved versus non-approved actionable mutation/drug combinations
 No standardization in reporting, especially not in case of non-approved targets

73
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Applications in Oncology  Clinical practice ???

Mutations
EGFR 
KRAS
ERBB2
PIK3CA
BRAF 
NRAS
MET
…..

Targeted NGS : 
Limited to a small 

number of region of 
interest 

Already ok in clinical practice

Adapted from Roychowdhury et al. Sci Transl Med; 2011

NGS : application



• copy number alterations, indels, point mutations, fusions, transcritptomics

• detection of somatic defects with NGS

Chakravarty & Solit Nat Rev Genetics 2021

DNA NGS

RNA NGS

NGS: variants and much more…



Adapted from Roychowdhury et al. Sci Transl Med; 2011
76

NGS Application in Oncology
Applications in Oncology  Clinical practice ???

Rearrangements
EML4-ALK
CD74-ROS1
KIF5B-RET
……

RNA Seq
Detection of fusion 

transcript



Fusion dectection using AmpliSeq ThermoFisher Scientific 

Vendrell JA, et al. Sci Rep. 2017 Oct 2;7(1):12510. 

10ng RNA
1.

=> Gene specific primers



 only 1 fusion partner needs to be included in the Archer FusionPlex assay to pick up the 
other fusion partner gene! 

• Archer FusionPlex library prep

• Anchored Multiplex PCR (AMP) technology



• Archer FusionPlex library prep

• Anchored Multiplex PCR (AMP) technology



Bruno R, et al. Diagnostics (Basel). 2020 Jul
27 10(8) 521



Adapted from Roychowdhury et al. Sci Transl Med; 2011
81

NGS Application in Oncology
Applications in Oncology  Clinical practice ???

Amplification / deletion
ERBB2
EGFR
MET
….

Coverage analysis



Coverage
 Sequence coverage (also called "depth") refers to the average number of times a base 

pair is sequenced in a given experiment. 
 Minimum coverage should be determined during the validation to avoid false negative 

and false positive results

– horizontal coverage
– Vertical coverage : coverage depth (x)
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Coverage

Sensitivity = 5%

Coverage 20x -> 1 mutated read ???

Coverage 1000x -> 50 mutated reads

Definition : number of times a nucleotide (or a region) is read during the sequencing 
process. 
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CNV analysis
Nb of sequencing reads per region

MET amplification confirmed by FISH



• Need validations
– Comparison with FISH gold standard

– Can we detect smaller copy number variation ???

• Size of the panel
– Number of total regions

– Number of region per gene

85

CNV analysis ?
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Roychowdhury et al. Sci Transl Med; 2011

 Theoretically:
 Almost everything is possible

 In Clinical Practice: 

OKOK +/- OK
BUT

Need more 
validations

NGS Application in Oncology



Single test Vs WGS
Single test

BRAF V600E 
1h30



Single test Vs WGS
Single test WGSWES

BRAF V600E 
1h30

Coding 
sequence

20 000 
genes

Coding 
AND non 

coding
sequence

• Challenging on FFPE
• Works on frozen tissues
• Several 100 ng
• Blood sequencing in parallel
• Huge bioinformatics needs

Costs
TAT

Technical expertise



Wet lab costs!!!

NGS cost does not equal wet lab cost!



Single test Vs WGS
NGS targeted

panels
Single test WGSWES

BRAF V600E 
1h30

Coding 
sequence

20 000 
genes

Coding 
AND non 

coding
sequence

• Challenging on FFPE
• Works on frozen tissues
• Several 100 ng
• Blood sequencing in parallel
• Huge bioinformatics needs

Which genes?
How many genes? 

10?
50?
500?

Costs
TAT

Technical expertise
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Ion AmpliseqTM Colon & lung Panel = 22 genes

PIK3CA

NRAS

NOTCH1

MET

MAP2K1

KRAS

FGFR3EGFR

FGFR2DDR2

TP53FGFR1CTNNB1

STK11FBXW7BRAF

SMAD4ERBB4ALK

PTENERBB2AKT1

PIK3CA

NRAS

NOTCH1

MET

MAP2K1

KRAS

FGFR3EGFR

FGFR2DDR2

TP53FGFR1CTNNB1

STK11FBXW7BRAF

SMAD4ERBB4ALK

PTENERBB2AKT1

Targeted DNA Sequencing



TSO 500 panel



Limitations  

93

• Samples characteristics
– Quantity : small biopsy, cytology
– Quality : FFPE -> DNA/RNA integrity (short DNA/RNA fragments)

• Inherent characteristics of tumor samples

 Contamination with normal tissue
 Aneuploidy
 Tumor heterogeneity

 Low frequency variant detection
 High coverage necessity
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• TAT
– wet-bench (from sample reception to sequencing : 3-4 

days)
– dry-bench (4 – 24 hours)
– Analysis 

• Answer within 10 working days

• COST
– INAMI/RIZIV reimbursement

Limitations  



Technical issues to consider while reporting (1)

 Type of starting material – difficult tissues
 Composition of the starting material – macrodissection may have been 

necessary to enrich the neoplastic tissue zone 
 Neoplastic cell percentage whithin the neoplastic tissue zone (e.g. 

background of normal cells)
– Minimum required (e.g. 10 %, determined by the limit of detection of NGS (often +/- 5 %))

 Complicating issues: 
– Intratumor heterogeneity

 Distinct clones and subclones
 Particular mutation may be present in only part of the neoplastic cells
 May explain differential response to therapy

– Neoplastic cells are often hyperdiploid: higher DNA content compared to background 
normal cells
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 DNA yield and quality
– Highly variable
– Look at deamination

 Coverage – read depth
– Determines sensitivity of the analysis
– Minimum required for optimal sensitivity and specificity (e.g. 500 x)

 Variant allele frequency (VAF)
– % of DNA sequences with the mutation
– Consider all the above when interpreting VAF

Technical issues to consider while reporting (2)

96



!!! Take care of … !!!

97



Difficult samples

98



Intra-tumor heterogeneity

Source: Marusyk A, Almendro V, Polyak K. Intra-tumour heterogeneity: a looking glass for cancer? Nat Rev Cancer. 2012;12(5):323-34.

• Different (sub)clones in one tumor
• Importance of sampling – impact on mutation profile and VAFs (potential of liquid biopsy!)
• Different mutations in a single sample may have different VAFs

99



Present and Future applications

 Oncogenic driver identification and resistance detection

 Mutational burden for sensitivity detection to immunotherapy

 RNA-seq, Epigenetic changes, ….

 Early cancer screening (liquid biopsy)

 …

100



Article 33 bis de la nomenclature

In Belgium: INAMI / RIZIV

B= 0.044

79 euros

132 euros



• concept:
– NEW article 33ter: 

• new “generic” nomenclature codes for predictive tests linked to a 
drug (diagnostic/prognostic: article 33bis)

• defined by TMC
• published by royal decree

– NEW chapter “VIII”:
• list of “personalised” drugs 
• + list with “companion” tests

if the Minister decides to reimburse the drug, the marker will be added to the 
list by the same Ministerial Decree

In Belgium: INAMI / RIZIV



• methodology
– providers: idem art 33bis

• Clinical biology
• Pathology
• Centre for human genetics

– content: end-to-end process 
– quality: ISO15189 + control by ISP-WIV + EQA 
– fee: 3 levels of complexity 

• complexity of test
• complexity of sample
• prevalence 
• consistent with existing nomenclature 33 and 33bis

In Belgium: INAMI / RIZIV

Level 1: 88 euros
Level 2: 147 euros
Level 3: 196 euros



• methodology
– follow-up: separate codes
– diagnostic rules: 

• 1/diagnostic phase
• follow-up: 1/follow-up period

– cumulative rules: 
• on the list for art33ter = tarification through 33ter
• no double tarification (with 33bis)

– registration mandatory
• start with “light” registry
• reports for data providers, health insurance and 
• future: link with MOC/COM and outcome data

In Belgium: INAMI / RIZIV



In Belgium: INAMI / RIZIV



In Belgium: ComPerMed
Commission de Médecine Personnalisée



“Take home” message

NGS interpretation – NOT so EASY

 Interpreting NGS data requires a team approach
 Understanding the clinical context and how NGS report may impact 

the management of the patient is critical
 Each case is UNIQUE
 Each variant must be interpreted in the context of the tumor type
 Lot of variables can impact the result (pre-analytic, analytic, post-

analytic)
 Be always CRITICAL with the results

=> Advice for CLINICAL interpretation : STAY ON THE GROOMED TRAILS
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