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Advances in science and technology 



Lung cancer classification has evolved from a single 

disease to histological and molecular subtyping 

Li T, et al. J Clin Oncol. 2013;31(8):1039-1049.
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ESMO Guidelines for biomarkers testing in NSCLC

D. Planchard et. al 
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Several types of sample can be used for EGFR  mutation testing

1. Pirker R et al. J Thorac Oncol 2010;5:1706–1713; 

2. Marchetti A and Normanno N. Patholgica 2010;102:119–122; 

3. Eberhard D et al. J Clin Oncol 2008;26:983–994; 

4. Kimura H et al. Br J Cancer 2006;95:95:1390–1395; 

5. Oshita F et al. Br J Cancer 2006;95:1070–1075; 

6. Molina-Vila M et al. J Thorac Oncol 2008;3:1224–1235; 

7. Smouse J et al. Cancer Cytopathol 2009;117:67–72; 

8. Van Ejik R et al. PLoS One 2011;6:e177791; 

9. Rekhtman N et al. J Thorac Oncol 2011;6:451–458
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Technical challenges linked to FFPET *

* Formalin Fixed Paraffin Embeeded Tissue

% cancer cells

Every testing method should need to define 

minimum cancer cells content required for 

testing

% clones bearing EGFR mutations 

(heterogeneity)

Amongst cancer cells not all bearing 

mutations. 

% DNA that can be amplified and 

analyzed  via testing methods

Degraded DNA /necrotic areas

% inhibitors 

Presence of inhibitors (eg microorganisms,

buccal  etc) 



Workflow for laboratories undertaking molecular 

pathology for cancer patients from formalin-fixed 

paraffin-embedded (FFPE) tissue samples

Ian A Cree et al. J Clin Pathol doi:10.1136/jclinpath-2014-202404

Copyright © by the BMJ Publishing Group Ltd & Association of Clinical Pathologists. All rights reserved.

Pathologists to determine 

the adequacy of EGFR testing 

by assessing tumor cells 

content

Application of sensitive 

tests that are able to detect 

mutations in as little as 

10% tumor cells



CtDNA Advantages

• In the absence of suitable or sufficient 

tissue biopsy, allows molecular analysis

• demonstrate resistance to targeted therapy

• non invasive

• useful in cases of inter- & intra-

heterogeneity

• Several clinical applications

• Fast results

• Highly fragmented

• Half –life ~ 2 hrs

• may be very rare (<0.01%)

• difficult to detect in certain cancers such 
as those localized in the central nervous 
system

• Shedding in bloodstream is unclear

CtDNA Challenges



Clinical Relevance of ctDNA in NSCLC

IPASS 

Goto et al., J Thorac Oncol, 

2012

Time (months)

0 4 8 12 16 20 24

P
ro

b
a
b

ili
ty

 o
f 

p
ro

g
re

s
s
io

n
-f

re
e
 s

u
rv

iv
a
l

0.0

0.2

0.4

0.6

0.8

1.0
Gefitnib

24

15 (62.5%)

Carboplatin /

paclitaxel

22

19 (86.4%)

n

Events

HR = 0.29 (95% CI, 0.14–0.60)

p < 0.001

EURTAC 

Rosell et al, Lancet Oncol, 2012

76.
9%

69.8
%

LIMITED NO OF BLOOD SAMPLES



IFUM study: Comparison of EGFR mutation 

frequency in evaluable tumour and evaluable 

plasma samples

Therascreen

Companion Dx :  

FDA approved 

Validated test 

PLASMA IS THE PREFFERED MATERIAL

76.
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Sep 2014

1st EMA update 

for IRESSA label  

ctDNA use in 

case of tissue 

unavailability



Several types of sample can be used 

for mutation EGFRtesting

1. Pirker R et al. J Thorac Oncol 2010;5:1706–1713; 

2. Marchetti A and Normanno N. Patholgica 

2010;102:119–122; 

3. Eberhard D et al. J Clin Oncol 2008;26:983–994; 

4. Kimura H et al. Br J Cancer 2006;95:95:13901395; 

5. Oshita F et al. Br J Cancer 2006;95:1070–1075; 

6. Molina-Vila M et al. J Thorac Oncol 2008;3:1224–

1235; 

7. Smouse J et al. Cancer Cytopathol 2009;117:67-

72; 

8. Van Ejik R et al. PLoS One 2011;6:e177791; 

9. Rekhtman N et al. J Thorac Oncol 2011;6:451-458

1. Tumour biopsy 

samples

Preferred sample type 

for all genetic 

mutation testing in 

advanced NSCLC1–3

2. Cytology samples

Sample quality and 

tumour cell content 

may be lower than 

biopsy samples4–9

3. ctDNA samples

May have a high 

false-negative rate

Can be used if biopsy 

or cytology samples 

are not available



Each cancer  is different 
tumor





Clinical Relevance of ctDNA in NSCLC with a T790M mutation

Mok et al. 2016





Overview of plasma analyses of ctDNA in AURA trials

20

BEAMing, beads, emulsion, amplification, and magnetics; ctDNA, circulating tumor deoxyribonucleic acid; ddPCR, droplet digital polymerase chain 
reaction; NGS, next-generation sequencing, QD, once daily.

1. Wu Y-L, et al. Presented at: IASLC 17th World Conference on Lung Cancer; December 4-7, 2016; Vienna, Austria. Abs MA08.03. 2. Jenkins S, et al. 
Presentation at ELCC 2016. 3. Oxnard GR, et al. J Clin Oncol. 2016;34(28):3375-3382.

Across the AURA trials, plasma was collected for analyses to determine whether genotyping of 
plasma ctDNA could identify patients who gain clinical benefit from osimertinib

Phase III study:
AURA31

Phase II studies: 
AURA extension and 

AURA22 Phase I study: AURA3

Treatment/dosing
Osimertinib 80 mg QD vs platinum 

pemetrexed
Osimertinib 80 mg QD

Osimertinib dose-escalation and 
dose-expansion cohorts (20–240 mg 

QD)

Tissue T790M status T790M-positive T790M-positive T790M-positive and -negative cases

Analysis
Pre-planned analysis; plasma collected 

contemporaneous with tissue and tested 
retrospectively

Pre-planned for regulatory 
submission

Exploratory post hoc analysis

Plasma assay cobas® cobas® BEAMing

Method of 
comparison

cobas® FFPE tissue NGS ddPCR or cobas® FFPE tissue

Number of patients

399 
(n=399 T790M positive by tissue test; 

n=184 plasma T790M positive; 
n=175 T790M plasma negative; 

n=40 missing/invalid)

873
(n=401 AURA extension; n=472 in 

AURA2)
216



J Thor Oncology April  2017

T790M   PPA for 

those   

receiving 

osimertinib at ≥ 

3rd line



Thress et al., Lung Cancer 90 (2015) Carlovitch et al, 



AURA3: T790M mutation is detected in plasma of 

~50% of patients with T790M in tumor tissue

Data cut-off April 15, 2016. 
*Percent agreement of the cobas® plasma test with the cobas® tissue test. Positive percent agreement and negative percent agreement are used here as measures of test sensitivity and specificity, respectively, and calculated with invalid results excluded. 

Wu YL, et al. J Thorac Oncol. 2017; 12(S1

Plasma ctDNA test results, n 
Tissue T790M positive 

(n=399)

Tissue Exon 19 deletion

positive (n=427)

Tissue L858R positive 

(n=253)

Plasma positive 184 273 139

Plasma negative 175 60 67

No plasma test / invalid 37 / 3 91 / 3 47 / 0

Percent agreement using tissue test as 

reference, % (95% CI)* T790M Exon 19 deletion L858R

Positive percent agreement (sensitivity) 51 (46, 57) 82 (77, 86) 68 (61, 74) 

Negative percent agreement (specificity) 77 (71, 83) 98 (96, 100) 99 (98, 100)

Overall concordance 61 (57, 65) 89 (86, 91) 88 (85, 90)

• Patients with tissue sample available at screening (n=756)



Plasma ctDNA T790M mutation at  TKI-progression  

as a first  screening 





Different  technologies for EGFR analysis 

G. Siragneva et al., 

Published online 2 Mar 2017 



77 patients with T790M 

Multiple mutations in the same 
patient at rocilenitib progression 

o EGFR C797S
o KRAS/NRAS/HRAS
o NTRK1 fusion

o MET amplification



Negative Plasma Results Positive Plasma Results
Tumor genotyping was used as an 

additional biomarker

ddPCR



The tissue samples generally available for molecular testing 

in lung cancer are very limited

tests biomarkers in order of their frequency

potentially more economical approach

availability of commercially available, validated 

and/or FDA approved tests 

as more biomarker testing is required, testing 

becomes more challenging to deliver (eg EGFR, 

ALK, ROS1, BRAF, PDL-1…)

Current Testing Paradigm = Sequential Testing

Different testing requirements (eg molecular, 

IHC, FISH..) 

Reimbursement restrictions

Drug availability

High Turn Around Time (TAT)

ctDNA testing:

EGFR activating mutations in

lack of tissue at diagnosis of 

NSCLC 1

T790M mutation at 

progression  as a first 

screening 2,3,4

1. Douillard et al. British J  of Cancer, 2014

2. Mok et al, N Engl J Med, 2016

3. Novello et al. Annals of Oncol, 2016

4. NCCN guidelines , NSCLC  v6.2018



The tissue samples generally available for molecular 

testing in lung cancer are very limited

tests biomarkers in order of their frequency and clinical
benefit

potentially more economical approach

availability of commercially available, validated 
and/or FDA approved tests 

as more biomarker testing is required, testing becomes 

more challenging to deliver (eg EGFR, ALK, ROS1, BRAF, 

PDL-1…)

Current Testing Paradigm = Sequential Testing

Different testing requirements (eg molecular, IHC, 

FISH..) 

New Testing Paradigm = Multiplex Testing

Reimbursement

Drug availability

High Turn Around Time (TAT)

Parallel molecular NGS testing for actionable 
mutations & beyond

More efficient use of tissue  sample

Possible access to clinical trials

Multiplex IHC  may be an answer to delivering multiple
IHC tests

Extensive validation needed vs gold standard for each 
actionable mutation 

Only 2 FDA approved NGS assays 

Lack of clinically relevant cut-offs and results reporting 
standardization 

Biomarkers results used for selecting appropriate therapy should be:

FAST

ACCURATE

REPRODUCIBLE 



Given that the tissue samples generally available for molecular 
testing in lung cancer are very limited, it is imperative to take 
steps to preserve tissue

Block cutting strategies to limit tissue waste 1,2

1. Kerr KM, Lopez-Rios Ann Oncol. 2016 2. IASLC Atlas of PD-L1 Testing 2017

Guidelines for Tissue Management are needed in Greece
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