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From Burrell RA Nature 2013

Cancer is a heterogeneous disease



"Darwinian" evolution of tumor
clones

M.Jamal-Hanjani, NEJM 2017:1-13



Evolution of biological and pathological 
understanding in NSCLC
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Targets today Targets in the future

EGFR ALK ROS1

KRAS
and others

BRAF HER2 RET DDR2
and others

MET FGR1 P13K

Adenocarcinoma Large-cell carcinoma Squamous cell carcinoma

Non-small-cell lung cancer Small-cell lung cancer

Lung cancer

Adenocarcinoma Large-cell carcinoma

Small-cell lung cancer

Squamous cell carcinoma without oncogenic alteration

Squamous cell carcinoma with oncogenic alterationAdenocarcinoma and treatable oncogenic alterations 
with approved drugs (EGFR mutation and ALK translocation)





Testing environment – EGFR, KRAS, BRAF

6

• Evolution of EGFR, KRAS & BRAF testing in NSCLC, CRC and melanoma since 2007: 

Source: INCa
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Solutions

• Rationalization of 
methodologies

• External Quality 
controls

• Establishment of 
Tumor Molecular
Boards



Zhang J Hematol Oncol 2017

Shifting from a single-
test to a multi-test 
strategy



Next-Generation Sequencing
(NGS) technologies

…..by the mid-2000s……



From MacConaill et al. Cancer Discovery 2011

PAST SINGLE GENE STRATEGIES ARE MERGING 
INTO NGS PANELS



LIBRARY PREPARATION FROM 10 ng DNA or RNA

a library is a collection of 

DNA/cDNA fragments



NGS and SANGER : different way of thinking

Sanger: Pz. 1 KRAS

Pz 2 EGFR KRAS

Pz 3 BRAF

NGS: Pz. 1+ 2+3→ Library
Genes KRAS EGFR BRAF..

gDNA: single gene PCR mix reactions, 
purifications, seq PCR , purifications, CE……

single electropherograms

Amplicons or DNA fragments

NGS 
platforms
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STANDARDIZARION IN NGS 
SEQUENCING IS CHALLENGING

• PRE-ANALYTICAL BIAS (tumor enrichment) Allele 
fraction is impacted by tumor enrichment 

• ANALYTICAL BIAS (choice of NGS assay methods) 
Differences in platform chemistries, technologies  
(probe capture versus PCR targeting), target gene 
selection 

• POST-ANALYTICAL BIAS (Data analysis, mapping and 
variant calling),  different software.

• CLINICAL BIAS (tumor Board attendants and 
composition and rules engine), evidence based 
decisions?





Standardization requires a network of 
clinical laboratories 



Laboratory Network Activities
on a Regional ER basis?

• Feasibility of NGS panels (testing overall 
performance of assay platforms)

• Validation Plan ( testing analytical 
performance)

• Lock SOPs and Complete Validation Plan Key 
lab



SPECIFICITY SHOUD BE >95%





Science and Engineering Ethics February 2018, Volume 24, 307–322





A bad assay is just as harmful as a bad drug 
(D. Hayes)


