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Next Generation Sequencing Identifies Driver 
Mutations and Enable Precision Medicine in Cancer 



From histology to molecular definition of 
cancer subtypes 

Biankin, AV et al. Nature 2015 



Next Generation Sequencing Enables 
Precision Medicine 

2000 
Sanger Sequencing (1977-) 

2017 
NGS (2006-) 

ABIPrism (Applied Biosystems) 
Up to 2304 sequences per day (96 per hour) 

HiSeq (Illumina) 
Up to 2 billion sequences per day 

 
MiSeq (Illumina) 

Up to 50 million sequences per day 

868,000 fold increase per day 



Next Generation Sequencing Enables 
Precision Medicine 



Simon R et al. Nat Rev Drug Discov 2013 

complexity 

clinical aplicability 

Next Generation Sequencing Enables 
Precision Medicine 



Clinical applications of genomic 
analysis in cancer 
 

Rosell, R et al. Lancet 2016 



Molecular profiling has been shown to 
improve outcomes in lung cancer patients 
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p<0.0001 

Kris MG et al. (2014) JAMA 311(19):1998-2006 
Barlesi F et al. (2016) Lancet S0140-6736(16) 



Clinical applications of genomic 
analysis in cancer 
 Impact of Precision Medicine in profile-driven clinical research in diverse cancer types 

Schwaederle, M et al. J Clin Oncol 33 2015 

Analysis of phase II, single-agent arms (n=32,149 patients) revealed that, across malignancies,  

• A personalized strategy was an independent predictor of better outcomes and fewer toxic deaths 

• Non-personalized targeted therapies were associated with poorer outcomes than cytotoxic agents 



NCI-Molecular Analysis for Therapy Choice 
trial 



NCI-Molecular Analysis for Therapy Choice 
trial 



NCI-MATCH’s Customized Assay 
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• 143 genes 

• 2530 
amplicons in 
DNA panel 

• 207 amplicons 
in RNA panel 

NCI-Molecular Analysis for Therapy Choice 
trial 



Participation Rates by Site Type: 
NCORPS ~ 90%  
NCI Cancer Centers ~ 80% 

NCI-MATCH Distribution of 1089 Sites  

NCI-Molecular Analysis for Therapy Choice 
trial 



Low prevalence of mutation drivers in 
diverse tumors 
 

Meric-Bernstam, F et al. J Clin Oncol 2015 

N=2,000 



Meric-Bernstam, F et al. J Clin Oncol 2015 

Low prevalence of mutation drivers in 
diverse tumors 
 



Tumour spatial and temporal molecular 
heterogeneity 
 

Yates, LR et al. Nat Med 2015 



p<0.001 

• 1340 mutations in 156 genes and 888 CNA in 171 genes 
• Non-conserved driver alterations are significantly more 

frequent in discordant tumors… 
• and the effect is due to lost primary driver alterations 
• Lost primary alterations are significantly different 

distributed along subtypes: more frequent in luminal B-
HER2 and less frequent in HER2 
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Temporal intratumor molecular heterogeneity in breast cancer GEICAM 2009/03 trial 

Tumour spatial and temporal molecular 
heterogeneity 
 



Clinical applications of genomic analysis in cancer 
 

Gingras, I et al. Sci Rep 2016 



Illumina MiSeq Nanostring nCounter 

Local vs Central NGS approach 



Caris OncoDNA Guardant Health Foundation 
Medicine 

Lab Certifications     
Technology NGS Agilent custom SureSelect 

NextSeq Illumina Ion torrent Digital Seq, HiSeq Illumina HiSeq Illumina 

Genes 592 475 70 315+28 (fusions) 

Sensitivity 98% SNP at 10% of tumor 
cells, 95% CNV (8 copies) NA 99% SNP 99% SNP at 5% tumor cells, 

95% CNV (8 copies) 

Tumor Mutational Burden     
Other than NGS MSI (7 markers), 19 IHC, 6 

ISH, 1 methyl, 1 sanger 180 IHC, 20 ISH No No 

Clinical experience ~80.000 ~140 ~1.000 ~110.000 

Case reports     
Clinical evidence     
Results interpretation     
Sample requeriments 55 slides 25 slides 2 Blood tubes 14 slides 

Local vs Central NGS approach 



The FJD experience: AmpliSeq 

69/351 (19.6%) non-informative cases 
112/271 (39.8%) no mutation detected 
APC (23%), TP53 (32%) and KRAS (17%), more prevalent mutations 



The FJD experience: AmpliSeq 

FBXW7 L594F (Exon 11) (28%) AAG/AAA 
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Degradation 
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Cell cycle checkpoint 

Stable p53 degradation 
Chromosome instability 

Cell growth and  
proliferation 

Advanced EGFR, ALK, ROS1 wt lung 
adenocarcinoma, in non-smoking 47y 
female 



Phase 1, open-label, non-randomized, 
dose-escalating safety, tolerability, 

pharmacokinetic, and 
pharmacodynamic study of TAS-119 in 
patients with advanced solid tumors  
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The FJD experience: AmpliSeq 



The FJD experience: RNAseq 
Supraclavicular lymph node metastasis, triple negative breast carcinoma 
51y female 



The FJD experience: pre-analytical sample 
conditions 

Proportion of 
non 

informatives 
Site 

FJD 16,0 
Outside 25,9 

Tumor 
<30% tumor 54,2 
>30% tumor 13,4 

Nanodrop 
<20ng/ul 50,0 
>20ng/ul 11,9 

Qubit 
<5ng/ul 51,5 
>5ng/ul 11,2 

QPCR 
>6 29,4 
4-6 30,8 
<4 11,1 



The FJD experience: FoundationOne summary 
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ZNF703  73 advanced solid tumors 
 All cases presented at least 1 

alteration (range 1-10) 
 Mean number of alterations: 4.3 per 

tumor 
 Most frequent alterations: 

• TP53, 43.4% 
• PIK3CA, 14.5% 
• KRAS, 13.6% 
• CDKN2A, 13,6% 
• NKX2-1, 11.8% 
• GATA3, 10.5% 
• APC, 9.2% 
• CCND1, 9.2% 
• ZNF703, 9.2% 
• FGF19, 9.2% 



Reflexiones y mensajes finales 

 El cáncer es una enfermedad compleja, heterogénea y dinámica 
desde el punto de vista molecular 
 El número de alteraciones de interés terapéutico en cáncer y su baja 
prevalencia obliga a una extensa caracterización molecular 
La NGS puede ser altamente informativa en mutaciones puntuales, 
indels y fusiones a partir de escaso material diagnóstico  
Es una técnica relativamente compleja y de alto coste, que 
probablemente no podrá ser implementada en la mayoría de los 
centros 
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