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Somatic mutation frequencies in cancer

Lawrence Nature 2013



Tumor Mutation Burden in NSCLC

Spigel ASCO 2016
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Mean
Mutations/Mb

9.1 11.3 11.0 10.3 4.5 3.1 6.2 9.7 10.3

TMB >10 (%)
2350 
(30)

541 (41) 711 (40) 269 (42) 129 (7) 17 (3) 27 (9) 153 (31) 1,238 (39)

TMB >20 (%) 760 (10) 113 (9) 233 (13) 42 (7) 21 (1) 4 (1) 4 (1) 51 (10) 298 (9)

Wilcoxon 
signed-rank 
test vs KRAS

p<0.001 p<0.001 p<0.001 p<0.001

The nuclear genome is 3.200 Mb!



MR Stratton et al. Nature 458, 719-724 (2009) doi:10.1038/nature07943

The cancer genome

A driver mutation is causally implicated in oncogenesis. It has conferred 

growth advantage on the cancer cell and has been positively selected in the 

microenvironment of the tissue in which the cancer arises. 

A passenger mutation has not been selected, has not conferred clonal 

growth advantage and has therefore not contributed to cancer development. 

Mutations without functional consequences often occur during cell division and 

will be carried along in the clonal expansion that follows.



Identification of novel candidate driver 
genes in lung adenocarcinoma

TCGA  Nature  2014



The efficacy of targeted therapy depends on

TUMOR HETEROGENEITY

Burrell Nature 2013

Genetic and phenotypic 

variation observed between 

tumors of different tissue

and cell types, as well as 

between individuals with 

the same tumor type

Subclonal diversity observed

within a tumor (tumors are 

formed of different clones

with different genetic and 

molecular features)



The clonality of tumor evolution 

Alizadeh Nat Med 2015

Public or clonal Private or subclonal



Modes of Tumor Evolution

McGranahan & Swanton Cancer Cell 2015

Tumor evolution is the 

result of genetic

instability leading to 

accumulation of 

mutations that might

provide growth

advantage, and 

microenvironmental

factors leading to clonal

selection
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Intratumor genetic heterogeneity
in 12 tumor types 

Andor Nat Med 2016



Clonal and subclonal mutations in 

different cancer types

McGranahan Sci Transl Med 2015



NSCLC tumor and plasma samples analysis with 
the Oncomine Solid Tumour DNA

Tumor EGFR status
Plasma EGFR status

Wild Type Mutant

Wild Type 20 2

Mutant 5 17

Specificity 90,1%
Sensitivity 77,3%

Rachiglio Oncotarget 2016



NSCLC tumor and plasma samples analysis with 
the Oncomine Solid Tumour DNA: 

discordant cases

Case

N.

Plasma analyses Tissue analyses

NGS Therascreen ddPCR NGS Therascreen ddPCR
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-

EGFR:
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EGFR:

wild type

EGFR:
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Rachiglio Oncotarget 2016



Detection of EGFR mutations in NSCLC
Sequencing vs Therascreen

Zhou JCO 2011



PFS stratified according to mutant allele 
frequency (MAF) of p.L858R EGFR mutation

Ono Ann Onc 2014

ORR was significantly higher in the 

group with MAF >9% (79.1%) than in

the group with MAF ≤9% (20%) (P = 

0.022, Fisher’s exact test).



Normanno AIOM 2016

 133 EGFR mutant advanced or metastatic NSCLC patients that received EGFR 

TKI treatment as first-line therapy were re-analyzed with NGS



Normanno AIOM 2016



Normanno AIOM 2016



EGFR T790M mutation and outcome in 
NSCLC patients

Rosell CCR 2011

T790M negative

T790M positive

Su JCO 2012



EGFR Mutations Detected by Higly Sensitive 
Techniques

Su JCO 2012



Preexistence 
of MET 

Amplification in 
EGFR Mutant 

NSCLC

Turke Cancer Cell 2010
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Resistance to anti-EGFR agents

Fenizia Future Oncology 2015



Clonal Evolution and Drug Resistance

Burrell & Swanton Mol Oncol 2014



Model for the development of EGFR 
T790M-determined acquired resistance

Hata Nat Med 2016



Janne NEJM 2015

Response to AZD9291 in NSCLC patients

ORR* = 64% 
(69/107; 95% Cl 
55%, 73%) 
Overall disease 
control rate 
(CR+PR+SD) = 
94% (101/107; 
95% CI 88%, 
98%)

ORR* = 22% 
(11/50; 95% Cl 
12%, 36%)

Overall disease 
control rate 
(CR+PR+SD) = 
56% (28/50; 
95% CI 41%, 
70%)



EGFR T790M testing on patient progression:
tissue or liquid biopsy?

Tissue biopsy

• Techniques for tissue testing are 
well established

• Re-biopsy at progression is not a 
common practice in many
countries

• Invasive procedure with 
potential risks for the patient

• Sampling limited to a single 
disease site

Liquid biopsy

• Liquid biopsy is a  non-invasive
procedure

• Analysis  is more rapid as
compared with tissue biopsy

• Liquid biopsy may provide a 
more complete picture of the 
tumor molecular portrait

• Methods for analysis of liquid
biopsy have not been
standardized yet and have some 
limitations



Performance of four different plasma assays 
(72 plasma samples from the AURA trial)

Thress Lung Cancer 2015 





Discordant results 
with two different 
plasma assays for 
detection of the 

EGFR T790M
mutation from 

circulating tumor 
DNA

Thress Lung Cancer 2015 



Clinical response to AZD9291 according to 
EGFR T790M mutation at baseline

Thress Lung Cancer 2015 

In patients with plasma positive 
but tumor negative for T790M, 
the clinical ORR was 38% (3/8 
patients) and the disease 
control rate was 75% (6/8 
patients). 



T790M Plasma Testing is a Viable Alternative to Tissue Testing

Presented By Lecia Sequist at 2015 ASCO Annual Meeting



T790M Mutation Heterogeneity 

Suda Sci Rep 2015 
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Presented By Jacob Chabon at 2016 ASCO Annual Meeting
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Presented By Jacob Chabon at 2016 ASCO Annual Meeting



TREATMENT OF NSCLC WITH TARGET BASED 
AGENTS INCREASES

TUMOR HETEROGENEITY

Mitsudomi Nat Rev Clin Oncol 2013



EGFR T790M testing on patient progression:
tissue or liquid biopsy?

• Some tumors are heterogenous with regard to the presence
of the T790M mutation

• Liquid biopsy will allow to identify T790M mutation in 
heterogenoeus tumor that might be negative at tissue
biopsy

• However, liquid biopsy still suffers from a relative low
sensitivity: a fraction of cases that are positive on tissue
might result negative on plasma

• Liquid biopsy and tissue biopsy are complementary in 
providing information on T790M status of patients at
progression following EGFR TKI treatment







The relationship between the allelic fraction of 
T790M in the pre-rociletinib biopsy and the 

maximum reduction in tumor volume

Piotrowska Cancer Discov 2015 



Presence of Multiple Resistance Mechanisms is Associated with Poor Outcome

Presented By Jacob Chabon at 2016 ASCO Annual Meeting



Liquid biopsy can represent temporal and 
spatial heterogeneity in cancer progression

Burrell & Swanton Mol Oncol 2014



Normanno J Cell Biochem 2013

The future of biomarker testing
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