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Place de la biologie
moléculaire dans la
caractérisation des
tumeurs
bronchiques



Un nouvelle conception du la caractérisation de la tumeur
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The evolving genomic classification of lung cancer.



Figure 2 MET HER2
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Biomarker Need for standard drug :
EGFR mutations (KRAS mutation?) BRAF/MET/MEK1/HER2 mutations
ALK / ROS 1 fusions RET fusion ; NTRK1 fusion
MET/ HER2 Amplification




-+ Changement de paradigme

Precision Medicine

_ i b Diagnosis
High throughput B [
Une tumeur Technologies
GE f CGH / NG5 o
un organe Biopsy e
Un prélévement diagnostic ﬂv_ ~ Prognosis
Virchows Archiv o ;} Mew Targe
*1 - Vd - I
Biomarqueurs Moleculaire i
treatme

“One size fits all”

L

Théranostique=>Méd. Stratifiee=>Méd. personnalisee=>Méd. de Précision
» Le concept de « Precision Medicine » change le paradigme baseé sur la
classification essentiellement histologique des cancers vers un

paradigme intégrant une classification moléculaire des cancers.




Techniques de base et
organisation d’un

laboratoire de Biologie
Moléculaire



Continuum avec lI'anatomopathologie

Nucleic Acid Extraction :

Chlo_rulre Phénal- Matrice
de Césium Chloroforme de Sili

1 Cell = 6pg DNA ; 1g = 10%-10° |
mump- Storage +4°C/-20°C/-80°Ci

MUTATION ?



-+ Change of paradigm and limitation in real Life...
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Cut and stain slides of nucleic acid
Tumor tissue marked by pathologist

ISOLATE TUMOR DNA
PCR Amplify

» EGFR
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= K-ras ...
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Limitation in real Life...
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Squamous Cell Ca Adenocarcinoma

Adequate Biopsies Inadequate Biopsies

Necrosis Fibrosis



Statut KRAS: impact cellularité !

> 50% > 20 < 50% < 20%
Si 1 allele muté sans Si 1 allele muté sans Si 1 allele muté sans
amplification amplification amplification
=> 25% d’ADN muté => 10 a 25% d’ADN muté => Moins de 10 % d’ADN muté
= A ) =N 8 R AR

— Biopsie dédiée a la pathologie moléculaire si traitement néoadjuvant




Tissus fixes : Facteurs liés a la qualité de I’ADN

Prélevt Fixation Inclusion> Stockam

Taille du tissus Température Méthode
Fixateur (type/Vol./conc.) Durée Equipement / Techniques d’analyses
Temps

Mo fixation Fermalin fixation

[

|




Biomarqueurs moléculaires : Limitations

, . , Le bon prélevement ?
Résultats non-interprétables

ADN non
. amplifiable
% age National Bloc épuisé
De non interprétables % de cellules oL
tumo'ralesl < seuil Pl‘lmltlf ou
16,0% - de détection )
Métastases
14,0% -
(synchrones ou
12,0% - 7
metachrones)

10,0% -

8,0% -

6,0% -

4,0% -

Z,O%J I I I I I Au diagnostic Apres rechutes aux
0,0% - traitement

EGFRact EGFRres KRAS BRAF  PI3KCA  HER2 ALK(FISH] f
rs '] --“I
> Les taux de résultats non >
interprétables on Iégerement et N
diminué depuis le début du . /
programme = _ _
> Taux de NI élevé pour le test ALK NS \
en FISH (14%) B -



Pré-analytique

e Importance de la qualité de I’échantillon biologique
collecté

e Controle de la cible a analyser (Histologie)

e La conservation est elle compatible avec la methode
appliquée?

e L’ADN se conserve bien (I’ARN est tres “fragile”®
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Phase analytique
Hybridation & PCR, |'outil universel
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cycled copies
1 2
2 4
3 8
4 16
5 32
6 64
7 128
8 256
9 512
10 1024
11 2048
12 4096
13 8192
14 16384
15 32768
16 65536
17 131072
18 262144
19 524288
20 1048576

- association de deux séquences complémentaires

d'acide(s) nucléiques(s).




Techniques utilisées

e Technique de détection des mutations ponctuelles e

e Analyse de régions mutées = hotspot

e Techniques ACGTGCTATGCCTAGC
> Alleles specifiques / ciblees = recherche d'un unique hotspot  ToCACGATACGGATCG
© Sensibilité
@® Faux négatif sur des mutations rares
> De criblage = information sur toute une région ACGTGCTATGCCTAGC
© Détection de toutes les mutations d’une région TGCACGATACGGATCAG

@ Faux négatif si cellules tumorales a un taux trop faible

e Techniques

« Simplex = recherche de l'altération d’'un unique marqueur voire d’une unique mutation
« Multiplex = recherche en paralléle de plusieurs mutations sur plusieurs marqueurs

Neal I. Lindemane, Philip T. Cagle, Mary Beth Beasley, Dhananjay Arun Chitale, Sanja Dacic, Giuseppe Giaccone, Robert Brian
Jenkins, David J. Kwiatkowski, Juan-Sebastian Saldivar, Jeremy Squire, Erik Thunnissen, Marc Ladanyi Accepted 12 February 2013.
published online 08 April 2013.

Molecular Testing Guideline for Selection of Lung Cancer Patients for EGFR and ALK Tyrosine Kinase Inhibitors: Guideline from the
College of American Pathologists, International Association for the Study of Lung Cancer, and Association for Molecular Pathology



Diversité technologique biologie moléeculaire

Technique Limite de
détection

Séquengage Sanger 10-20% Criblage PCR
Séquence m A/\
Pyroséguencage 5-10% Criblage/mutations PCR ) W -
ciblées Séquence
Analyse de fragments 5-10% Criblage uniquement PCR 180 2 @
délétion ou duplication Migration ‘
HRM 5-10% Criblage PCR/HRM = \ """"""
]Z: /‘-III ’\1‘
e, o \\
\‘f ....... -
Allele spécifique 1-5% Mutations ciblées PCR ™
Tagman l
ARM Scorpion i~
Snap Shot 5-10% Mutations ciblées PCR e Lsson
Migration p— \ .'
1t
8l A' )




La méthode « Gold standard » :
le séequencage direct

< Lecture directe de la séquence apres amplification par PCR de la zone cible (
e.g EGFR exons 19-21)

e B |

L] L] ) )
T T = S S = =
1s1 1= iss 157

[] ] ] ] ]
T a G G c e = T
1as 155 1s1 1s3 1ss 1s7

Mutation L858R

— [ ]
TTTTTTTTTTTTTTTTTTT s "y ¥ TAESESEEEE- BB -EE B

A

Délétion de 15bp del745-

750

* Pro.: Cons:
- robust & universal technic. -PCR >150bp , not quantitative
- easy to develop. - time consuming (2 days),

- Not limited to known mutation - Sensitivity (30%-50% Cell.Tum)



Evolution technologique vers le NGS

Cible Enrichissem | Nombre de | Technologie | Application
ent bases FFPE

Génome 3,4 billion lllumina
entier bases (Gb) HiSeq
Exome Capture 1-2% du lllumina Limité
génome HiSeq
50Mb NexSeq
26,000 genes MiSeq
S5
Ciblé (target) Capture 1a190 lllumina Oui +++
PCR genes... MiSeq
PGM

D’apres Mardis Annu. Rev. Anal. Chem. 2013. 6:287-303



Organisation du laboratoire

Doit étre conforme aux bonnes pratiques des

laboratoires :

e Norme I1ISO15189 — Famille « génétigue somatique »

> SMQ,
> Organisation des locaux,
 Eviter les contaminations / FP
o Separation pré-PCR et post-PCR
* Hottes spécifiques
 Utilisation de Cbnes a Filtre...

Organisation historique ﬁ

d'un laboratoire de PCR

du réactif | de Féchantilion +
PCR

2 3 4

eglegl = =t

Sens de déplacement

B DN EETTETTTEEE T
‘I Sens de la ventilation |
I Changement de blouse

> Validation de méthode, Procédures et modes opératoires

normalisés (MON), Fiches techniques,
* Eviter les résultats faussement negatifs

« Validation( sensibilité/spécificité reproductibilité/répétabilités ....)

« Contréles Positifs (et negatifs...), CQE
« Stabilités dans les réactifs/concentrations...

> Metrologie
> Tracabilite,
> |ndices « Qualité »




Choix de la méthode

e Compatibilité avec la paraffine

e Sensibilité/Speéecificité/Reproductibilité
e Délai/temps d’analyse

e Equipements du laboratoire

e Qualité / Normes ISO 15189

Validation de méthodes

pour la recherche de mutations

en génétique somatique

DOCUMENT DESTINE AUX LAB

/ ORATOIRES
ACCOMPAGNER LA DEMARCHE DE VALIDATION DES TECHNIQUES D

e Colts

e Recommandation

Bonnes pratiques
|.'".'||J|' d MeChn&rcne
i i I|'|1'~r.|r|-:|'-.ri:||||- Berinil
de mutations
‘:iL‘H'I'I.‘.‘I[II."lJIEh dﬁf'l:‘:.-
les turmeurs solides

DE BIOLOGIE MOLECULAIRE POUR
"ANALYSE

SEQUENGAGE
DE NOUVELLE
GENERATION
D'UN PANEL

DE GENES

POUR LANALYSE
EN GENETIQUE

SOMATIQUE
[Validation de la méthode

Yy ﬁ‘\
=D 5 B



Le compte rendu (recommandations 2010)

Eléments demandés a la prescription
> nom, num bloc, diagnostic, histologie, %age de Cell.Tum...
> |dentifiant unique de I'échantillon par le laboratoire ;
> Date d’arrivée du prélévement dans la plateforme ;
> Nom du pathologiste ayant qualifié le prélevement ;

Date du compte rendu ;
> |dentifiant unique sur chaque page ; nb total de pages
> Méthode(s) utilisée(s) avec indication de la (des) sensibilité(s) analytique(s) ; liste des
mutations chercheées;

> En cas de Mutation identifiée et notée (a I'exception des délétions de I'exon 19 de 'EGFR)
selon la nomenclature internationale (e.g p.Glul2Asp et c.35G>A).

Commentaires sur les résultats
> Statut WT ou Muté
> Précision sur le type mutation
> Prédiction de I'impact thérapeutique

Nom du biologiste/pathologiste moléculaire.

transmis au maximum 7 a 10 jours ouvrables apres réception du prelevement par la
plateforme.

(délai de 2 a 3 semaines a compter de la date de la prescription)

=> Nécessite prescription avec information patient/maladie/objectif recherche ?



Annotation officielle selon HGVS

Transition de G en A dans 'exon 2.
Substitution faux-sens.
Gly & la position 12 change en Ser.

Selon les recormmandations de [HGYS (version 2.0), cette variation doit tre libellée:

Miveau ADM (cDMA): MIM_033360.3:c.34G=A

Miveau ADM {génomique): C Ch37):0.25398285C>T
Miveau protéigue: Glyl12Ser

Et non pas G12 ou G12S....

EGFR de) €Exon19 Delétion {15 pbs) dans 'exon 19,

Cette deletion entraine la perte de 5 résidus,

Momendature HGYS v2.0

Miveau cDMNA: NM_005228.3:c.2235 2249del

Miveau gDMA: Chr 05242465 55242479del
Miveau proteigue: Glu746_Ala7s50d




Annotation officielle selon HGVS

Substitution

c.123A>G sur le cDNA, A, en position 123, est remplacé par G

p.Pro252Arg (P252R) sur la proteine, proline (P) remplacée par arginine (R)

Délétion

c.546delT délétion de T en 546

c.586 _591del six bases délétées

p.Phe 508del délétion de phenylalanine (F) en 508

Duplication

c.546dupT duplication de T en 546

c.586_591dup duplication du segment 586 -> 591

p.Gly4 GIn6dup duplication du segment a partir de glycine (G) en 4 jusqu’ a glutamine (Q) en 6

Insertion

c.546_547insT insertion de T entre 546 et 547

€.1086_1087insGCGTGA insertion de GCGTGA

p.Lys2_Leu3insGInSer insertion de glutamine sérine entre lysine (K) en 2 et leucine (L) en 3

Inversion

c.546_2031linv segment 546 -> 2031 inversé

Décalage cadre de

lecture
arginine (R) est le premier acide aminé changé, c' est en position 83, cela

p.Arg83SerfsX15 donne une sérine (S) a la place, la taille du segment en aval est de 15, codon
stop (X) inclu

26/01/2017 TITRE DU DIAPORAMA Général 26




NATIONAL
puCANCER

Croissance d’une « nouvelle discipline » Qmsm-m-

Organisation des Tests moléculaires en France.
(marqueurs biologie moléculaire + cytogéneétique + histo.)
Lancement en 2006 des « plateformes de génétique
moléculaire des cancers » supportées par I'INCa,

- Laboratoire Hospitalier
(CHR,CHU,CLCC+qq prive)

- Fond DGOS via I'lNCa g™
MIGAC/MERRI - annuel e J.

mise en place du systéme RIHN (@}G)\
- Recommandations
< “
- Support pour la mise en place 23 (2 Réun
de I'AQ — 1SO 151689 — CQE D“C{
- Support pour le dvpt de
biomarqueurs innovants et de

Toulouse
L]

[r]
Lf'wi

WWW.e-cancer.fr

nouvelles technologies



http://www.e-cancer.fr/

Q INSTITUT
P NATIONAL
Programmes specifiques uCancEiy
<+ Le programme « Biomarqueurs emergents » depuis 2009

<+ Le projet BIOMARQUEURS France
< Lancement du Controle Qualité National (Gen&Tiss et BRAF)

<+ Le programme AcSé
(screening des cibles du Crizotinib et du Véemurafenib) depuis 2013

< Le programme NGS lance en 2013-2014

1 projet avec
3 volets distincts :

Implémentation du NGS Estimation de I'impact Constitution d’équipes
dans les laboratoires économique du NGS référentes en
bioinformatique




patients.

Cancer gastrique

Cancer colorectal
meatastatique

GIST (Gastro-Intestinal
Stromal Tumor)

Cancer du poumon

Melanome

Glioblastome

Leucemie myeloide chronigue
(LMC) /

Leucemie aigus
lymphoblastique (LAL)

Tableau 1. Nombre de recherches de marqueurs prédictifs de la réponse a une thérapie ciblée en 2013

Pathologie

Prescription du trastuzumab dans le

IS dans

Suspicion de syndrome

V' 89000 tests déterminants pour l'accés a une thérapie ciblée ont été réalisés en 2013 pour 65 000

Biomarqueur

Mutation JAKZ V617F

»n du promoteur de

de BRAF

Nombre de tests

Diagnostic différentiel

Suspicion de forme héréditaire de

cancer

!
ws-types

Mutations de BRAQ

Mutations de KIT*

Méthylation de MGMT

Translocation de BCR-ABL au
diagnostic

+uur
suivi de la maladie r@sidu92

Detection de BCR-

Mutation d"ABL

f LY

ilitd
Prescription d'imatinib ou de

~
3

Heuroblastome

jlotinik ep 1™ ligue de traitement.
Jiste.compl.
dasatinib, de bosutinib ou de

ponatinib en 2% ou 3° ligne.

A !
™! cancer du sein Amplification d’HER2 8924 wus-types
mutal Cancer de I’'estomac Amplification d’HER2 709 ,
Mutations de KRAS 19 347 - types
Mutdl cancer colorectal
Mutations de NRAS 3330 /
Mutz} s-types
Mutations de KIT 1105
Mutz GIST :erlféactionnelle
Mutations de PDGFRA 1005 _
Mute Mutations d’EGFR 23336
Cancer du poumon
Tran Translocation d’ALK 18 861 tation du
wMutd Mélanome Mutation de BRAF V600 5026
Mute Détection de BCR-ABL 6 750 tation du
Leucémies
Maska Mutations d’ABL 86l tation du
Muta LIV LD U P PINL TOTAL 89 zsa Lat.ion du

amplification de MYCN

Quantification de transcrits de
fusion

liste RIHN

Quantification WTT

Quantification du
réarrangement des génes du
TCR ou des Ig

Clopalite BT

traitement

Suivi de la maladie

Suivi de la maladie résiduelle

Allogreffe d
hémopathie|

http://www.e-cancer.fr/rss-soins/862(




ombre de NSCLC patients testés (2013)

Tableau 11. Activité 2013 dans le cancer du poumon

% d’altérations

Marqueur Nombre de patients moléculaires % de non interprétables
Mutations EGFR 23 336 10,0 % 8,0%
Translocation ALK 18 861 3,5% 13,4 %
Mutations KRAS 22958 27,0% 7,9 %
Mutations BRAF 20100 2,0% 8,9%
Mutations HER2 17 843 0,7 % 10,1 %
Mutations PI3KCA 17 375 2,4% 10,4 %

Figure 17. Evolution de P'activité

25000
20000
15000

10000

0

5000 +

22359 23336
18861

2008

2009

2010 2011

2012 2013

— Mutations EGFR

Translocation ALK

m Patients pris en charge dans
un etablissement de la
plateforme

® Patients pris en charge dans
un CH hors plateforme

Patients pris en charge dans
un etablissement prive

Prescription provenant d'une
autre plateforme




Cancer du poumon (N=22 359)

NSCLC patients screened for a molecular alteration in 2012
25000 -
20000 -
1.8%0
2 15000 - R 2.4% 3.9%
g
I
(=
E 10000 -
Z
5000 -
EGFR BRAF HER2 PI3KCA
mutations mutatlons mutations mutations mutations translcu:atlnn
B Mo molecular alteration B Non contributive results W positive results
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Programme Acsé

Type de cancer Tri’lj('“ Amp ALK | Amp MET Tr:’gslc’c Mut ALK | Mut MET

Cancer colorectal X X X

CBNPC AMM X X X

Cancer du sein X X

Cholangiocarcinome X

Cancer de |'ovaire X

Cancer du rein X X X

Cancer du foie X x*

Cancer de la thyroide X X X

Glioblastome X

Neuroblastome X X

Cancer gastrique

TL:‘:neur n:wﬁbrTol\?lllaSﬂque X R C:arc.inome. -

:h;bn;:r:yc::r[coml " hépatr;iil%ulaire; Neurocl:;,lg;sétome;
I\.ymphomes anaplasiques X Thyroide; 2,8% Rhabdomyosarcome;
a grandes cellules 0,5%
* seulement pour les cancers du foie pédiatriques Rein; 3,2% TMI; 0,2%

é ;Mélanome; 0,1%
Prostate; 0,1%

Gliobastome; 3,7%

Estomac; 4,6%

Cholangiocarcinome;
6,1%

Poumon; 38,8%

Ovaire; 8,4%

26/01/2017 Tl

Sein; 13,5%

Colorectal; 14,8%



Les approches
Emergentes,

Analyse CGH

(Comparative Genomic Hybridization)



-+ Comparative Genomic Hybridization array

CGH-array 180K -Whole Genome Coverage (Agilent Technologies)

(Reference) (Experimental) ,
Total Total X: log, Ratios
Genomic DNA Genomic DNA 4 4 +1 42 +4

=

DNA-Cy3  DNA-Cy5

AgilentgDNA
labeling kit :
| -— identification
Phrwlahadi s | R Tl g e— YT
. i e ¥ e i il -k
@ I

Agilent CGH Microarrays wilkSaailss

=

Y: Chromosome location

\ FGFR1 amplification

Target

Amplif.

26/01/2017 Equilibre
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Co04 28425_1_3 final, centered profile | MAD = 0.2078 | SSAD=111.4

1.5

- a 2 4 6 8 oo a2 14 & 16 P18 20 22 Ay

Amplification

-1.8

5.0e+08 1.0e+09 Se 2.0e+09 2.5e+09 3.0e+09

enomic position

cyclin-dependent kinase ginhibitor 2A (melanoma, p16; inhibits CDK4)




SNParrays
CNV + Allele Freq. o s om  ox BAR

w
@ @
@ @
' Isoth | lificati o Q Q
ermal amplification 9 9 9
RE Digestion i 8 8 8 8
Adapter Ligation ? Fragmentation Hybridization (@ (W) @ v
EEEE—————— INFINIUM I: ALLELE-SPECIFIC PRIMER EXTENSION ) ) ) )
Pol _Dye \.J \.J \J \J
o A T-GOO» bt bt bt bt
POR: primer I R B TS v v v v
amplification ] s’ 4
Y E;ZQEEZT;?" A acGatgacgtcalatgctagcgagGecacacaaTac
==5_o= acCatgacgtcaTatgctagcgagCcacacaalac
= o "™ INFINIUM Ii: SINGLE BASE EXTENSION g g g gcgag
= 2 haptens/colors
Hybridization hd G0

Human DNA

o B allele frequency = B/ (A+B)
P o = quency

iy =

Unique barcode

sequence
Proven Technology with over 70 publications in the last 2 years alone! d:'? ched gea Hs. ﬂ.'.s *?. ehel .E:n d“:m :*,'“ o
10,000 samples processed with a 93% pass rate in FFPE! I H L] H u o Ej U _I -
= b - H
P . ] b H &
Genomic DNA sequences E E & G :
80 ng gDNA a'FFymWEHBf

rheis rhris s e iR he1y hris g e ehezy

fiiRaEsava

CN: Allelic events:
* blue = CN gain . =LOH
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B allele frequency = B / (A+B)
normal gain loss
10 - BB 2/(0+2)=1 - BBB  3/(0+3)=1 B 1/(0+1)=1
ppp 232)=6
0.5 - A8 1/(1+1) =05
AAB  1/(2+41)=03
oo .} AA 0/(240)=0 AAA  0/3+0)=0 A 0/(1:0)=0

s 5

B Allele Freq
4

=
L

w

B Allele Freq

40% LOH
RE DU DIAPORAMA

50% LOH




Low level
Genomic mosaicism

contamination

Sample
Heterogeneity,
clonal diversity

Allele specific

Hypo/hyper ploidy

Mendelian
consistency
checking

Breakpoint
determination

Confirmation of CN Parent-of-origin
events

High-density SNPs allow for all of these performance

@ affymetrix

Biglogy for a better world

attributes to be measured at gene-level resolution.




Analyse pangénomique des anomalies chromosomiques de
nombre : perte, délétion, gain, amplification (mais pas pour les
translocations...)

Limité pour la Paraffine .... et 30% de cellules tumorales

Quelques application de « Routine »

Selon les méthodes approches ou pas des LOH (intérét en
association es mutations de genes suppresseur de tumeur)

0 RE DU DIAPORAMA Généra 40



Les approches
Emergentes,

Techniques NGS$

(Sequengage de Nouvelle Génération)



-+ From discovery to technology explosion

e 1868: Discovery of DNA
e 1953: Watson and Crick propose double helix structure

1977: Sanger sequencing $ human
1985: PCR Genome
2000: Working draft human genome announced $3 billion

(Sanger method)

2005: 454 sequencer launch $2-3 million
e (pyroseguencing)

e 2006: Genome Analyzer launched

e (Solexa sequencing) $250k
e 2007: SOLID launched o0k
e (ligation sequencing) $20k
e 2009: Whole human genome no longer merits
Nature/Science paper <5k

e 2013 : “third-gen” systems on the horizon

Efficiency.
(bp/person/year)

1
15

150
1,500
15,000

25,000

50,000
200,000

50,000,000

100,000,000,000



Next Generation Sequencing - NGS

2005 premiere etude NGS, en 2016 = outil de base

Principe: chaque copie d’ADN sélectionnée (ou non) est clonée puis
séguenceée separement et analyse informatiqguement pas rapport aux
séquences de réference.

Liste de variants

(Polymorphisme
et mutations)

4 étapes: 1-Préparation de “library”
2-Sequencage
3-Bioinformatique
4-Compte rendu clinique



a
a

Préparation des Librar £F=—> ==

Shot Gun Capture Based PCR Based

a) Multiple copies of genome

e IDNA(shoared and ek _ g _ biotinylated cRNA RainStorm

adaptor-ligated) A : “bait’ 4[;{;’3%“!;11
| A 5
——m =1 Siei Multiplex PCR
L 1 1 reaction =

Hubridi 10 amplicons

b) Sheared random fragments

T
Hybr ion (bind target
S — S —— :

== = s e s w m em— em— -
e ey e
T TN W N NN AR S
.--_-'_'-=-__--_.-._--_- I:T.:‘.-l:
. e e 5
) Size fractionated fragments s =
— —
ute
uen:

Uniplex PCR
1 reaction =

1 amplicon

Analyse Analyse Exome
Génome ou région cible
entier large

a Prep. 3 jours a
Q  ~1pg ADN 0
Q  Quantitatif a

Analyse
region cible

Prep. 1 jours
~100 ng ADN
Peu quantitatif

3 jours
>1pg ADN (3ug)




Les types de seqguenceur- NGS

o Capacité:
= ND de clone (read)
TR e X
=== |ongueur de lecture
» Type de séquenceur ;

— High Capacity NGS
* 200-600Gb-1To-6To

— BenchTop NGS
« 0.1-8Gb

>15To & LT 5500XL

100 Mb =

10 Mb —

1Mb =—

—

. 167Gb-6Tb
— 2x150bp

NovaSeq
HiSeq2000  —

E:- ) - 600Gb, 150bp reads
300Gb, 150bp reads
3-7 jours de run

@ 12h-24h de run
=1 § '\.‘ 0,1-8 Gb

| 454 GS f'_-2<__ - m ‘,.——
PGM /Miseq - e | ] |
, 2h-12h de run

: 0.1-2Gb

24h-48h de run
120 Gb

(0.04-0.08 Mb,
450-800 bp reads

2h de run
Adapted from

J.McPherson, OICR

=)
L

>

10

! 200-400 bp !
bp 100 bp 1,000 bp

read length
Human genome (3Gb)
Human exome (50Mb)
Target genes (0,2Mb)



NGS data

>ggatcctcac atgagltcag tatataatlg taacagaala aaaaatcaat tatgtatica
agttgctagt gtcttaagag gttcacattt ttatctaact gattatcaca aaaatacttc
gagttactit tcattataat teetgactac acatgaagag actgacacgl aggtgeclta
cttaggtagg ttaagtaatt tatccaaaac cacacaatgt agaacctaag ctgaticgge
>catagaaaca caatatgtgg tataaatgag acagagggat ttetcteett cotatgergt
cagatgaata ctgagataga atatttagtt catctalcac acattaaacg ggactitaca
ttetgtetg tgaagatll geglglgees alaaclcaag glalcatale caagegalgg
>atgaaggeag gtgactctaa cagaaaggga aaggatgttg geaaggetat gttcatgaaa
gtatatgtaa aatccacatt aagettcttt ctgeatgeat tggcaatgtt tatgaataat
glgtatglaa aagtgtgetg tatattcaaa aglgtiteat gtgectagge gtgteaaata
=ctttgagttt gtaagtatat acttctetgt aatgtgtetg aatateteta titacttgat
tctcaataag taggtatcal agtgaacatc tgacaaatgt tigaggaaca atttagtgtt
tacctattca ccaaaattta ttaaatgect aatctgtatc agatatacaa ttatctggeg
=aaatctgtaa ttectaattt apacagetgl glagectaat tagggataaa ggeatgeaaa
cecataattt glg(aggﬂg aaatgagcla lagaaaaatg cagtatattt alcagaaglc

Séquences

brutes

aaggaacaba ctatgtcata tattcteact tatcactata aacatctua;, aaaaatctge

Le NGS permet de produire des
séguences correspondantes a
chaque clone (Read)

Recherche de

polymorphismes

I
-) Annotations

GACCTCGT GGTGT!

PP T TR ETT T T S R

GCCACCGLGETGCACCGCCCOGACCTCGTGEETGTCCGCCGGETTTATCAAGATTCTTGGAC
GCCACCGCBETGCACCGCCCCGE Y
GCCACCGCGGE GCACCG[:CCCGMZI:'
GCCACCGCGGTGCACCGCCCCGACCTCGTTY
GCCACCGCGETGCACCGCCCCGACCTCGTIGY
GCCACCBCGETGCACCGCCCCOACCTCOTTEY
GCCACCGCGETGCACCGCCCCGACCTCGT- ~TGTC Y o
1 CCACCOCEETECACCHCCCCEACCTCETTETITCCGY EX p r
lCCBCGETGCACCGCCCCGACCTCGTTGTCTCCGCCGY
lCGCGETECACCGCCCCGACCTCGTTGTCTCCGCCGGP
IGGTGCACCGLCCCGACCTCGTTGTCTCCGCCGEATTY
ITGCACCGCCCCGACCTCGTTGTCTCCECCGGATTTAY
|- CCOECCCEACCTCOTTGT TCCGCCGEATTTATGAY
| c-CC6CCCCEACCTCATTGT TCCGCCOEATTTATGAY
| GACCTAGTTGTCTCCGCCGGATTTATGAAGATTCTT!
L ACCTCETTGTCTCCGCCGEATTTATGAAGATTCTTGY
|ﬁmsnmrcccccscnmamum"
CGCGTTGTCTCCGCCGGATTTATGAAGATTCTTGGA
ICTCGTTOTCTCCGCCGGATTTATGAAGATTCTTGGAP
I TCGTTGTCTCCGCCGGATTTATGAAGATTCTTGGAC P
| CGTT6TCTCCGCCOOATTTATGAAGATTCTTGGACC Y
| CGTTETCTCCECCGEATTTATGAAGATTCTTGGACC Y
IGTTETCTCCRCCGGATTTATGAAGATTCTTGGACCG Y
IGTTGTCTCCGCCGGATTTATGAAGATTCTTTGACCG?
I TTGTCTCCGCCGGATTTATGARGATTCTTGGACCGE P
I TGTCTACGCCGGATTTATGAAGATTCTTGGACCGCAY
ITCTCCOCCOOATTTATGAAGATTCTTGGACCGCAGT?

| CGCCECCEEATTTATGAAGATTCTTGGACCGCAGTTY

|CTCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT?

|CTCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT?

ICCOCCOBATTTATGAAGATTCTTGGACCGCAGTTCC Y
| CGCCGGATTTATGAAGATTCTTGGACCGCAGTTCCTY




Capacité du NGS

1 échantillon

peu de lectures sur

beaucoup de

GTCTCCGCCGGATTTATGAAGATTCTT
FTGTCTCCGCCGGATTTATGAAGATTCTTG P
FTGTCTCCGCCGGATTTATGAAGATTCTTGG P
T GTCTCCGCCGGATTTATGAAGATTCTTGGA P
FTGTCTCCGCCGGATTTATGAAGATTCTTGGA
TGTCTCCGCCGGATTTATGAAGATTCTTGGAC P
I TGTCTCCGCCGGATTTATGAAGATTCTTGGACC P
I TGTCTCCGCCGGATTTATGAAGATTCTTGGACC P
T GTCTCCGCCGGATTTATGAAGATTCTTGGACCG P
I TGTCTCCGCCGGATTTATGAAGATTCTTTGACCG P
FTGTCTCCGCCGGATTTATGAAGATTCTTGGACCGC P
0 TGTCTACGCCGGATTTATGAAGATTCTTGGACCGCA P

I TCTCCGCCGGATTTATGAAGATTCTTGGACCGCAGT P

1 CGCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT

| CTCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT

1 CTCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT
1 CCGCCGGATTTATGAAGATTCTTGGACCGC,

o G2) (3 el ) (Gl s ) — (Gl

positions

GTCTCCGCCGGATTTATGAAGATTCTT
CTGTCTCCGCCGGATTTATGAAGATTCTTG P
I GTCTCCGCCGGATTTATGAAGATTCTTGGY
I GTCTCCGCCGGATTTATGAAGATTCTTGGA P
CTGTCTCCGCCGGATTTATGAAGATTCTTGGA P
FTGTCTCCGCCGGATTTATGAAGATTCTTGGAC P
FTGTCTCCGCCGGATTTATGAAGATTCTTGGACC P
FTGTCTCCGCCGGATTTATGAAGATTCTTGGACC >
FTGTCTCCGCCGGATTTATGAAGATTCTTGGACCG Y
I TGTCTCCGCCGGATTTATGAAGATTCTTTGACCG P

GTCTCCGCCGGATTTATGAAGATTCTTGGACCGC ®
TGTCTACGCCGGATTTATGAAGATTCTTGGACCGCA P
I CTCCGCCGGATTTATGAAGATTCTTGGACCGCAGT P
I CGCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT
lCTCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT!
| CTCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT

1 I.: CGCCGGATTTATGAAGATTCTTGGACCGCAGTTY

Couverture

—_—

Profondeur
Ou X

Human genome (3Gb)

- 30X =>90Gb

(8 jrs max — 6/run)

Human exome (50Mb)

- 100X => 5Gb (3 jrs max — 24/run)

1 échantillon

beaucoup de lectures
sur peu de positions

Gl e - Gj
[TGTCTCCGCCGGATTTATGAAGATTCTT?
[TGTCTCCGCCGGATTTATGAAGATTCTTGY
[TGTCTCCGCCGGATTTATGAAGATTCTTGGP
ITGTCTCCGCCGGATTTATGAAGATTCTTGGAY
[TGTCTCCGCCGGATTTATGAAGATTCTTGGAY
[TGTCTCCGCCGGATTTATGAAGATTCTTGGACY
[TGTCTCCGCCGGATTTATGAAGATTCTTGGACCY
[TGTCTCCGCCGGATTTATGAAGATTCTTGGACCH
CTGTCTCCGCCGGATTTATGAAGATTCTTGGACCGY
[TGTCTCCGCCGGATTTATGAAGATTCTTTGACCGY
[TGTCTCCGCCGGATTTATGAAGATTCTTGGACCGE P
| TG TCTACGCCGGATTTATGAAGATTCTTGGACCGCAP

I TCTCCGCCGGATTTATGAAGATTCTTGGACCGCAGTY
| CGCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT
| CTCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT
| CTCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT

1CCGCCGEATTTATGAAGATTCTTGGACCGCAGTTY
[TGTCTCCGCCGGATTTATGAAGATTCTT?
ITGTCTCCGCCGGATTTATGAAGATTCTTG?
[TGTCTCCGCCGGATTTATGAAGATTCTTGGP
[TGTCTCCGCCGGATTTATGAAGATTCTTGGAY
[TGTCTCCGCCGGATTTATGAAGATTCTTGGAY
[TGTCTCCGCCGGATTTATGAAGATTCTTGGACY
[TGTCTCCGCCGGATTTATGAAGATTCTTGGACCY
[TGTCTCCGCCGGATTTATGAAGATTCTTGGACCH
[ TGTCTCCGCCGGATTTATGAAGATTCTTGGACCG)
[TGTCTCCGCCGGATTTATGAAGATTCTTTGACCGY
[TGTCTCCGCCGGATTTATGAAGATTCTTGGACCGE P
| TGTCTACGCCGGATTTATGAAGATTCTTGGACCGCAP
ITCTCCGCCEEATTTATGAAGATTCTTGGACCGCAGT?
| CGCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT
| CTCCGCCGGATTTATGAAGATTCTTGGACCGCAGTT
| CTCCGCCOGATTTATGARGATTCTTGGACCGCAGTT
1CCGCCOGATTTATGAAGATTCTTGGACCGCAGTTY

Mutiplexage
Plusieurs
echantillons

Gx

Gx

Gx

Gx

GATTCTTP

GATTCTTG?
GATTCTTGG
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTTGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA

CATTOTTRNN

GATTCTTP

GATTCTTG?
GATTCTTGG
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTTGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGH
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA

GATTCTTP

GATTCTTGP
GATTCTTGG
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTTGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
CATTCTTCR
GATTCTT?

GATTCTTGP
GATTCTTGG!
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTTGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGH
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA

GATTCTT?

GATTCTTGY
GATTCTTGG
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTTGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA

CATTOTTRL

GATTCTT?

GATTCTTGY
GATTCTTGG
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTTGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGH
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA

GATTCTTP

GATTCTTG?
GATTCTTGG
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTTGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA

CATTOTTLN

GATTCTTP

GATTCTTG?
GATTCTTGG
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTTGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA
GATTCTTGGA

El

Target genes (0,2Mb)
- 500X => 1Gb (<1jr) 24/48 run)

E...

E...

En



Reference sequence
Chr1

depth T T T 1T

Point mutation Indel

Detect® 50% variants 30X
Detect® 10% variants 100-500X
Detect® 1% variants >1000X

— Exome 30x =>1,5 Gb /100x => 5Gb
= Genome 30x => 90 Gb / 100x => 300Gb



Visualisation de toutes les ségquences en
arallele

File Gemomes View Tracks Regions

Tools  GenomeSpace  Help

=1ol:

Human hg13 |chr? chr7:55, 239, 866-55,243, 157 @ Fr 4 » @ [ = ] =]
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‘Sensibilité

B IGY
File Genomes View Tracks Regions Tools GenomeSpace Help

=1oj;
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I e
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1 Total count: 1111
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C:0
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NDP1ORT7 onTargetebam

Sequence -

RefSeq Genes
EGFR

. . . . Human bt ﬂl(hr? ﬂIchﬂ‘ss,zw,qsmss,zw,1ss o f <« » &[0 = (= R Thne
Flgure : Vlsuallsatlon Sous I — < ——— ] — -
Alamut du contréle interne : -

mutations EGFR : C21556>A, —_— =

NDP10R77.onTargets.bam Cove|

p.Gly719Ser (exon 18) — s )

G:
T:

0
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0
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Sequence 3

RefSeq Genes
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applications et exemples

Patient Data Analysis

Technologies

point mutation
Smallindels

Copy number
variation

Structural
variation

Differential
expression

Transcriptomics

RNA-Seq Gene fusion

Alternative
splicing

RNA editing

Methylation

Epigenomics
Bisulfite-Seq
ChIP-Seq

Histone
modification

Transcription
Factor binding

Figure 1 :

Integration and interpretation

Functional effect
of mutation

Network and
pathway analysis

Integrative analysis

suoljealjdde [eoiuljo pue Jeoued Jo Buipueisiepun Jayun4

Next generation seguencing in cancer research and clinical application

Biological Procedures Online 2013, 15:4  doi:10.1186/1480-9222-15-4



.0

Genome Exome Targeted Gene
3,000,000,000 base pairs 30,000,000 base pairs Screen
(20,000 protein-coding genes) >10 000 base pairs

30 — 400 oncogenes




Challenges to launch exomic analysis with clinical setting

Current approach

Frozen or FFPE samples
~100 nanograms of DNA
> 10% tumor cells

multiplex PCR
1 day for preparation

High sequencing depth (>500X)
Few hours
(with benchtop sequencers)

Few hours
limit of detection : 5-10%

hours
Limited number of variants
Mostly known Hotspot variants

Sample
preparatmn

Li I:Jraiu"-,ar
preparatlnn

Sequencing

4

Bioinformatics
Anal*,rsls

[
[
[
|
|

Cllmcal Mﬂlecular
Report

J
J
|
J
J

WES challenges

Frozen Samples only
~ 1 microgram
>30% tumor cells

Capture approach
Variable target coverage
2-3 days

Few days
limited sequencing depth
(50-100%x)

Days or Weeks
Limit of detection : ~20%

Days
Several dozen variants
Several unknown variants
Biological Complexity

Full process : 1 to 2 weeks
Stable report
(mainly known variants)

Full process : Weeks/Month
Dynamic reanalysis possible
with evolving knowledge



Interprétation des variants

Community Annotation of KRAS

Mo community annotations yet for KRAS.

utation type Position Straightedge cursor [ Expana

Sort mutations by:
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Interprétation des variants

ommunity Annotation of ERBB2

io ComPIINY) notstons Yt for EREE2.
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Interprétation des variants
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Spectrum of variants ( not gene ):

= Actionable

- Potentially actionable (clinical Research)

- Pathogenic non actionable (cancer gene variant)
- Variant of unknown effect

- Variant probably none pathogenic

- Frequent Polymorphisms (1%, 0,1%)

= [ I I ]
F'y H
o} ] O Variant
: o o Type of effect
° L ' W Sensitivity
— i High priority Resistance
O .
o ® ] u Prognost_lc
b 1 B Diagnostic
L i ®
U= |eassssees swews e e el St
(=] i
# m i
N
w 1)
o * % |
o &* . ' e
1)
L
1
P "o : R Van|Allen E M et al.
. JCO 2013;31:1825-1833
Strength of Evidence
Table 1. Definition® and classification of potentially actionable alterations
Category Classification
Category 1 Gene variant predicts sensitivity to approved therapy in a particular malignancy.
Category 2 Gene variant predicts sensitivity for an approved therapy in any malignancy, but data for efficacy is lacking in that tumor
type.
Category 3 Gene variant is an eligibility criterion for a clinical trial, or there is published evidence of clinical efficacy with an

investigational agent.
Category 4 Gene variant with only preclinical support for use of an investigational therapy.

?potentially actionable alteration is defined as genetic alteration that is predicted to confer sensitivity to either approved targeted agent or experimental
targeted agent in clinical trials.

Johnson, Dahiman, Knol et al. rhe Oncologist 2014;19:616-622 1




Reporting: items discussed...

e Does the molecular profiling report communicated to the clinician need
to contain .... ?:
> Mutation specific aspects:
¢ Inclusion of all mutations identified or only significant mutations...
* Processes involved (eg. Expert panel, Bioinfo, functional validation...)
« Mutation nomenclature (chromosome position v amino acid change...)
> Clinicial significance aspects:
* Inclusion of literature-based information (clinical significance and frequency)
« evaluation of level of evidence of clinical data; Inclusion of preclinical data
« Listing of clinical trials involving novel agents targeting identified mutations
> Legal aspects:
 Disclaimer, reserach use only.
e Germline Aspect ?
» Laboratory CAP/CLIA/ISO-accreditation/certification
> Process specific aspects:
* Listing all mutations for which analysis occured
* Listing of analysis failures
» Description of platforms and methods used
 Details of platform sensitivity and specificity
> Report presentation
» Executive summary / conslusion / cliical recommandation ...



applications et exemples

Patient Data Analysis

Technologies

point mutation
Smallindels

Copy number
variation

Structural
variation

Differential
expression

Transcriptomics

RNA-Seq Gene fusion

Alternative
splicing

RNA editing

Methylation

Epigenomics
Bisulfite-Seq
ChIP-Seq

Histone
modification

Transcription
Factor binding

Figure 1 :

Integration and interpretation

Functional effect
of mutation

Network and
pathway analysis

Integrative analysis

suoljealjdde [eoiuljo pue Jeoued Jo Buipueisiepun Jayun4

Next generation seguencing in cancer research and clinical application

Biological Procedures Online 2013, 15:4  doi:10.1186/1480-9222-15-4



Mapping the Hallmarks of Lung
Adenocarcinoma with Massively
Parallel Sequencing

Imielinski et Al. Cell 2012
Cell 150, 1107-1120, September 14, 2012
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Mapping the Hallmarks of Lung
Adenocarcinoma with Massively
Parallel Sequencing

74%

"'l 5%

Prevalence
of hallmark
mutation

28%

0%

38%

«

Resisting cell death “
Sustaining proliferative signaling m

Evading growth suppressors @
Enabling replicative immortality E*‘]
Activating invasion and metastasis m
Inducing angiogenesis rﬂ
Deregulating celiular energetics @
Avoiding immune destruction E
Genome instability and mutation m
Tumor-promoting inflammation u

Gy,

65%

0%

‘ 10%

&

55%

63%

New
hallmark?
Classic
hallmarks
Emerging
hallmarks
Enabling

characteristics

# of tumors mutated

F|||\\ = %% a

# of tumors mutated

Sustaining
proliferative
signaling

HRAS
NRAS
CCND1
AKT1
CTNNB1
MYC
ERBBZ2
PIK3CA
BRAF
EGFR
KRAS

Epigenetic
or RNA
deregulation

BRD3
ZAFT
SETD2
RBM10
ARID1A

SMARCA4




T ARTICLE | 2 | NATURE | VOL 000 | 00 MONTH 2012

Comprehensive genomic characterization
of squamous cell lung cancers

The Cancer Genome Atlas Research Network*

178 SCC

Exon sequencing
WGS

RNA seq

MRNA expression
Promoter methylation
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HaNT MW ARTICLE | 2 | NATURE | VOL 000 | 00 MONTH 2012

Comprehensive genomic characterization
of squamous cell lung cancers

The Cancer Genome Atlas Research Network*®

Many actionable abnormalities

PI{3IK/RTK/RAS signalling

69% altered
EGFR |ERBB2|ERBBI|FGFRT|FGFR2||FGFRI
pTEN FA-IIH3 |1EI'E-'&| ENIENRIEENIENEARE
_| | | | | |
¢ RASA1
STKT1 AKTI Am AKTI KRAS HRAS NRAS I_
[ 2% | [<1%| |4=:-a| | 16%4] [336] [B3%] [<1% WFT
v 1
AMPK Tg&’ Tgﬁ GEAF
[3%] [s%]
u
MTOR J Cases (%)
_..Il I'l
+ v Ina:twated Activatad

Proliferation, cell survival, translation  —s Activation — Inhibition
Alteration pattern
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INSTITUT
Programme INca NATIONAL

pu CANCER

> Préparer I'implémentation nationale du NGS a visée diagnostique dans les
laboratoires d’oncogénétiqgue constitutionnelle et les plateformes de génétique
moléculaire, en mettant en place une phase pilote sur un nombre limité de

laboratoires.

1 projet avec
3 volets distincts ;

/

Implémentation du NGS Estimation de I'impact Constitution d’équipes

dans les laboratoires economique du NGS reférentes en
bioinformatique

\_




Changement d’organisation

KRAS PCR Rendu
cOlon KRAS KRAS

EGFR PCR Rendu

poumon EGFR EGFR Felliilely

BRAF PCR Rendu

mélanome BRAF BRAE Mélanome

Implications

» Des économies d’échelle, mais une complexité d’analyse

« Importance de la qualité du matériel extrait - probleme des non contributifs
» Limite de détection <1% vs. 20% pour le séquencage direct

« Validation du panel et de la bioinformatique associee — biais de filtre

« Intégration des résultats dans un systeme dédié

» Limitation actuelle — PGM 318 < 30 échantillons — 1 semaine



Retained approach for molecular screening in
standard car at Gustave Roussy

Sentosa Next Generation Sequencing GUSTAVE/
NGS automation for the IVD routine laboratory \:{A%:!:Tﬁ ?_gg%glé»ss S/Y

Sentmas Link Sentpue SH100 Sembraan ST4 Servoss SOM01 Sendoen 50 Reporter  Sestoso Lisk

Sentosa SQ Oncology Panels

Sentosa SQ NSCLC Panel (CE-IVD), Sentosa SQ CRC Panel (CE-IVD)
= Sentosa SQ Melanoma Panel (CE-IVD) Sentosa SQ Thyroid Panel (CE-IVD)
Sentosa SQ Leukemia Panel (Launch: 2016)*

QO
o

FFPE validated - High Coverage — 5% detection threshold control on several Variants



QC follow-up across analysis batches Coverage Depth X —first 100 batches of analysis
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Full QC overview included in the process

Run QC
ESTEEr

=T S Saible Data QC
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Cancers type | Mut. Status Nb | Comm.
Cancers type | Mut. Status Nb Comm. WT 30

61 V660E

WT 152 BRAF 10 V600K

69 Activating mutation 4 rare T599-K601
EGFR 12 Activating + T790M NRAS aa
Melanomas KRAS 3
7 Rare (n=183) KIT 3
4 11 CTNNB1 7
BRAF £xon PIK3CA 5
6 exon 15 PTEN 3
TP53 8 co-occurente

Lung Cancers KRAS 114 . unique
(n=513) NRAS 10 WT 41
PIK3CA 19 KRAS o
NRAS 15
FGFR3 BRAF 11
PIK3CA 13
CTNNB1 CTNNB1 6
PTEN PTEN 2

TP53 31 co-occurente

TP53 53 co-occurente 27 unique
51 unique Autres WT 16
(N=33) Mut 17

%age of mutated DNA

“  BRAF EGFR KRAS
o 4%-78% 3%-72% 39%-89%




Tumeurs
Solides

> 16 genes

Exons / hotspots

AKT1
ALK

BRAF

EGFR

ERBB2 (HER2)
ERBB4
FGFR2

FGFR3

HRAS
KIT

KRAS

MAP2K1 (MEK1)
MET

NRAS

PDGFRA
PIK3CA

3
23+24+25
11+15
18+19+20+21
20
E452K et R393W
S$252, N549, K659

7+9+14 (R248 aS249 et

G370 aY373)
2+3+4
8+9+11+13+17+18
2+3+4
2
2+142a20
2+3+4
12+14+18
9+20

Listes minimales de genes

Lymphomes
/| SMP

> 14 genes

L eucémies

> 24 genes

Patholugie Exons / hotspots

Pathologie Exons / hotspots

ATM CLL full
BIRC3 CLL, SMZL 64+7+8+9
BRAF DLBCL, HCL 15
CARD11 DLBCL 445+6+7+8+9
CD79A DLBCL 5

CD79B DLBCL 5

EZH2 DLBCL 17
FBXW? CLL, SMZL 9+10+11
MYD88 oLl 34445
NOTCH1 gtlEchLﬁzL 34
NOTCH2 SMZzL, DLBCL 26+27+28+34
SF3B1 CLL 14+15+16+17+18
TNFAIP3 MCL, WM, DLBCL full

TP53 CLL, DLBCL full sauf exonl

AML, MDS
ASXLL  \pN, cMML 3z
AML, MDS
caL MPN, CMML 8+9
CEBPA AML Full
AML,
DNMT3A Ui a12 Full
ETV6  AML Full
EZH2  MPN, MDS Full
FBXW7 ALL 9+10+11
IDH1  AML MDS a
IDH2  AML MDS 4
AML, MPN
JAK2 i 12+14
Mast cell
KIT Neoplasm, 9410411417
MPN, AML
AML, MDS
KRAS  cMMLALL 2+3
MPL MPN, MDS 10
NOTCH1 ALL 26+27+28+34
NPM1  AML,MDS 12
AML, MDS,
NRAS  3eMMLALL 2+3
PTEN ALL,AML 5+7
PTPN11 AML, JCMML 3+13
AML, MDS,
RUNXL  cuniayy  fullsauf Let2
AML, MDS,
SF3B1 MPN, CMML 13+14+15+16
AML, MDS,
SRSF2  cunt’ 1
AML, MDS,
TET2Z N cMML Full
AML, MDS,
53 MPN, Full sauf exonl
CMML,ALL
2aF1  AML, MDS, 2+ 6

CMML



Gustave Roussy PCM Program :

2008 2009 2010 2011 2012 2013 201 4>
i INCa INCa INCa INCa INCa INCa INCa
%S KRAS EGFR Innov.Biomarker Innov.Biomarker gp Ar_Mel. - Innov.Biomarker AcSé Screen INCa
L Z ForGl For Lung Screen Prog. ScreenProg. A k. lung  Screen Prog ALK/ROS1/MET NGS Panel
Lung/Gl/Mel. Lung/Gl/Mel. Lung/Gl/Mel. All tumors Program

MSN (Lung cancer - Melanoma)

oscato (screening trial - Phase
WINTHER (screening -Phase 1)

- L TN T —
| Pre - SAFIR 01 SAFIR 01 (screening trial - Breast) | — SAFIR 02 (Breast - Lung)

1330 patients with molecular portrait in 4 years (2011-2014)

Single Gene Sanger Panel (30 genes / 96 amplicons)
CGHa (pangenome Agilent 180K) SNParray

genes genes
lonTorrent | TS

Trials including
Genome Analysis

IS

Genome Analys
Technology




1st Challenge... Building the workflow to perform Tumor
molecular portraits for therapeutic decision

E
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WP ===/ nm
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Goal — 15 working days
[
Image B Biopath |
Guided | Mutation =
Biopsy™ FISH Qu Bio- y - =<
CT-scan O : _ Multidisciplinary
informatic T B d

Echo B TR lab Analvsi umor Boar
RI A Mutation alysis Decision
T Debaere IHC GUSTAVE/
C Dromain N FISH  ROUSSY
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FOMOATION ART

SAFIRO02 studies : A Randomized trials

In Lung and Breast metatstatic cancers
(Pl. JC Soria for Lung & F.André for Breast)

Study : Randomized, Multicentric phase Il Biology-driven treatment VS standard maintenance CT.
Molecular analysis: CGHa (180K) and NGS (PGM — 50 genes — 300X)

Timelines: 3 years(Lung) /2 years(Breast) Follow-up: 12 month

Treatment duration : until progression or toxicity

NSAFIROZYNAY: STUDY DESIGN

ELIGIELE 5AMPLES PER PRICRITY ORDER

1. Frozen sample [before owcle 2hof - ) i - -
metastasis or primitive tumor AZDFO1E ".u.:ﬂ_mﬁﬂ AFDSTEY

. FFPE sample af metastasis o -
primitive turmor

3, CIDNA serum sample [ideally belore
chemotherapy)

<>

N

platinum CR/PR
Based regimen| orsD

4 cycles

\'

Progression or taxicity

N=230 Arm Al: Targeted therapy

ATDESI1 Vandetanib Selumetinib

Arm B1: Standard maintenance

Standard
practioe
SPUCMTROLS

Targetable
molecular
alteration

NS 1350 [ Arm A2: MEDI4736 J

o Arm Bl: Standard maintenance
il Crandand

Pemetrexed W
practice

IO SIU THOLS
SUMDUS




Mutation -50 gene panel
Amplification / deletion - _NS PGM - lonTorrent
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» Opened in march 2014
. 27 centers open, 24 recruiting 7

- 496 Patients included
e 100 randomized
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Whole Exome Sequencing (WES) vs Target Gene

Sequencing (TGS) for Clinical Research ?

e Could we generate results in the same delay than TGS Seq
+CGHa ?

e Could we have same results on target SNV and CNV with WES ?
for SNV, TGS list 75 genes

e What is the added value of WES/RNASeq for
» Are the additional info information useful for clinical research ?
o Other SNV ; 271 genes list (Van Allen et al. + Litt.)
* Mutation profile
e Mutational Load
» Estimation of tumor percentage
* HLA prediction / epitope calculation ..
* Is RNAseq efficient to detect translocation ?
* IS RNA quantification efficient for target markers ?

0/20 RE DU DIAPORAMA Géné




- - GUSTAVE/
-+ Private-Public Contract for WES roussy-  intecragen
mTEGnAgEN
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susTave/ Molecular Screening for Cancer Treatment
ROUSSY— Qptimization (MOSCATO 01): a prospective

gucmcuess [\
e . . Hollebeque A G B. etal. Ferté C et al.
molecular triage trial. S&seh: & ik
Charles Ferté, Christophe Massard, Ecaterina lleana, Antoine Hollebecque, Ludovic Lacroix, Samy Ammari, Maud Ngo-Camus,
Rastislav Bahleda, Anas Gazzah, Andrea Varga, Sophie Postel-Vinay, Yohann Loriot, Nathalie Auger, Valerie Koubi-Pick, Bastien Job,
Thierry De Baere, Frederic Deschamps, Philippe Vielh, Vladimir Lazar, Marie-Cécile Le Deley, Catherine Richon, Vincent Ribrag, Eric
Deutsch, Eric Angevin, Gilles Vassal, Alexander Eggermont, Fabrice André, Jean-Charles Soria
928 pts : e ,
e = i >10% ' d " ‘w
Q‘!* Q Sut Q: e I'\u" Aot .".'nf. ._é_* & J
™ ﬁ‘\l.l- o =
:\9'\5 !E_e - - 75 genes Screening — ety -
- 5 4.4 ’!' 30% | e Molecular Phase |
- ; -§-4 \ h O WVt A Tumor Board inclusion

control

92 consecutive
patients
with available

material
1pg DNA & 1ug RNA
>30% tum. Cell



L

Comparison of SNV detection between WES and TGS .

Additionnal Information
with WES for 38% cases

T O 60
c c
g9 50
© ot -
oL »n 40 100%
S ok -4 %
= [T
S= S 30 80%
WES allele frequency 10 l: 40%
0 0
Mutation TGS| oo Yes None None 20%
.. 0
Add_ltlonal None Yes None Yes 0%
Mutation WES Mutation Mutation
cie In TGS only
WES sensitivity: 94% (121/129) & WES in WES

Good correlation between WES and TGS AF B -
- Only low Allele Frequency are not detected 4.8 to 13.4% L F\’:::ff;'z‘r:i:::n
- Information about somatic / constitutional Status VPl pathogenicit



WES additional informations :

T Mutational load
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Sequenza analysis =>in silico %age of tumor cells

WES additional informations :

100 ~
and neo-epitope prediction 5wl
HLA typing reference: § 60 -
S 40 - m 2nd digit
»> 10 MOSCATO patients 5 20 = 4th digit
» HLA typing with gold standard method (Saint Louis) S

- Class|:locusA,BandC
- Class Il : locus DR, DQ and DP

\ L )

6/01/20 HLA - Clélss I HLA- Class Il



RNASeq: Fusion transcripts detection

4 el i t— ]

" I RMA-seq Fastq

ACGADGGCTCTCCTGGGLTGAGAT CT
GHCTCTICTGEGLTGAGAT CTTGT
CTETOCTGGGCTGAGAT CTTGTTCTT
CTOCTGGGCTEAGAT | CTTGTTCTTGATT
CCTGGEGCTGAGAT CTTGTTCTTAATTTTOCTCC

©

Defuse
. " ¥ Fusion
Tophat2 Fusion : ChimComp " scoring list
- CRAC
Annotation
filtering

e Identification of 15 fusions in 92 patients described in the

litterature as associated with the pathology.

CD74/ROS1 (M656, Adenocarcinoma, Lung)
KIF5B/RET (M545, Adenocarcinoma, Lung)

FGFR3/TACC3 (M521, Transitional cell carcinoma, Bladder)

TMPRSS2/ETV5 (M689, Adenocarcinoma, Prostate)
EWSR1/FLI1 (M591, Ewing sarcoma)

EWSR1/FLI1 (M639, Ewing sarcoma)

PAX7/FOXO1 (M644, Alveolar Rhabdomyosarcoma)
DNAJB1/PRKACA (M569, Hepatocellular carcinoma)

MYB/NFIB (M574, Adenoid cystic carcinoma, Parotid gland)
SLC45A3/ERG (M674, Adenocarcinoma, Prostate)
COL1A2/COL1A1 (M686, Adenocarcinoma, Lung)
SLC45A3/ELK4 (M689, Adenocarcinoma, Prostate)
TRIO/DNAHS5 (M725, Adenocarcinoma, Lung)
AZGP1/GJC3 (M575, Adenocarcinoma, Prostate)

CREB3L2/FUS (M640, Undifferentiated sarcoma, lower limb)

Technics to drive treatments

NGS_mut

RNA_transloc

IHC

CGH_loss

CoH aer 93N

CGH_amp
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30yrs Cholangiocarcinoma Patient e A
with FGFR2-CCARL1 fusion treated with FGFR inhibitor
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Amnalyze Exome - ENASEq (Pof Integragen)

::::::::

Evaluation at 2 months -

|
‘Bampls Tk | sOLmEm = Par Aligead | # fumon
Sarsgle. I I~M| i) Rsady
MDOE-T AP g 1906589 06| 90 81 % | | 1523
|
T




Monoallelic expression
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WES/RNAseq

WES/RNAseq
TGS + CGHa »

e Limitation/Improvment WES/RNAseq for clinic
> Need of Improvement of the analysis TAT and sensitivity (sples <
> Reinforce the quality of Annotation leading to clinical report for r
> Simplified the process to achieve efficient clinical report for m
> Cost




Risk with whole exome/genome individual test

A DROP IN THE OCEAN

Few of the numerous biomarkers so far
discovered have made it to the clinic.

There is a big gap between large number of
studies and the real usefullness/level of proof # |
of “actionable” molecular biomarkers Rl
150,000
NGS = global analysis giving information for all
biomakers, whatever is the level of proof.

Estimated number of biomarkers
routinely used in the clinic

100
Table 1. Definition® and classification of potentially actionable alterations
Category Classification
Category 1 Gene variant predicts sensitivity to approved therapy in a particular malignancy.
Category 2 Gene variant predicts sensitivity for an approved therapy in any malignancy, but data for efficacy is lacking in that tumor
type.
Category 3 Gene variant is an eligibility criterion for a clinical trial, or there is published evidence of clinical efficacy with an

investigational agent.

Category 4 Gene variant with only preclinical support for use of an investigational therapy.

“Potentially actionable alteration is defined as genetic alteration that is predicted to confer sensitivity to either approved targeted agent or experimental
targeted agent in clinical trials.

Johnson, Dahiman, Knol et The Oncologist 2014;19:616-622 www.TheOncologist.com




e Technique tres prometteuse

e Possibilité de multiplexer les marqueurs actuels (connus et
robustes)

e Beaucoup d’'application pour larecherche et I'innovation ...

e Nouveaux métiers (bioinformatique)

e Analyse haut débit encore difficile pour les applicatio
> qualité de matériel
> Temps

> sensibilite

>

>

iques

sur-information
Cout...

e ...application de panels ciblés pour la clinique



Les approches
Emergentes,

Biopsie Liquide :
ADN arculant Libre

Avantage du prélevement
non invasif



1948: Mandel and
Metais initially
identified cfDNA in
the bloed of healthy
individuals

1977: Leon et al.
reported increased
c¢fDNAin the
circulation of
patients with
different cancers

1890s- : a variety of
alterations in cfDNA
including mutations
in cncogenes and
antioncogenes,
microsatellite
variances and DNA
methylation

[

[

i

!

|

1965: Bendich et al.
proved that ctDNA
played a significant
role in oncogenesis

1989:Stroun et al.
demonstrated the

presence of
neoplastic
characteristics of
DNAin the plasma




Introduction

e Origine de I’ADN libre circulant (cfDNA, circulating-free DNA)
Présence dans le sang de petits fragments d’ADN libres

@ tumeur Non-tumoral
Apoptosis ) FO X o

(" Sécretion

Circulating
tumour cell

Healthy
tissue

|
o© Apoptosis :

I
@ Or Necrosis |

Healthy cell

Blood plasma or E\p
serum sample Phagocyte
containing ctDNA
g \ &> Tumour cell
JRV Mutation
@ Red blood cel

(S Endothelial ce



concept de Biopsie liquide
cfDNA

CITC

Endothelial (5]
< seconcry ¢ Cloissance

metastatic N \
\ \ ) 1\
deposit p’/'pj ( ,..\'.
/[ Angiogenese
| S

\
/N
Lt
~ A ko /
"

] ECM degradation, (
it angiogenesis

~_ s -
(@ ) Intravasation

/ ‘_'.‘ I.-‘ “L'\o FCM degraciation
(@S

. o\ Perte d'adhesion
o) e ) Dégradation ECM
Ko,’ *o eLASIAtC | uma

Bertazza et al. Curr.Once Rep. 2008

Premiere description in 1869
Libération active (+passive)

~1-5 cells/1mL

Absent du sujet sains

Nécessite enrichissement+détection.
Cellules viables

€8) Healthy cell
Phagocyte
€& Tumaur cell
JUTY Mutation
@ Red blood cell
@3 endothelial cell
=&3 Chromosome

Crowley et al. Nat Rev Can 2013

Premiere description in 1948

Libération passive (+active)

~1-100 ng/mL

Présent en cas d'inflammat®, traumatisme..
Contam. par de 'ADN/mormal (in vitro lysis)
Présence dans urinefascite, ...

e Provenance de toutes les localisations/métastases
e Corrélation avec la masse tumorale



Test a partir d’'une simple prise de

sang, facile a repeéeter
=> peaucoup d’enthousiasme

Event Cancer screening Localized cancer Metastatic cancer
Treatment Early intervention  Risk of dissemination and  Treaiment selection and  Mechanism of resistance
strategy detection of recurrence monitoring response ‘and new treatment

VA
] §8 ;

and deletion
abnormalities

S

RNA expression and
fusion transcripts

o VA

o
CTC
[cell number]

Translocation

Circulating
tumor DNA M
[number of mutant
Protein expression and molecules] Point mutations

phosphorylation

Blood sample

/i

Chromosomal abnormalities

O% 0

In vitro/in vivo culture

Surrogate of biopsy
for tumor genotyping

Surrogate of drug respons
with serial samples

Detection of Early relapse
High-risk localized cancer
Early detection of cancer

Cancer biological study



Frameancy of cames with defsctable S0NA PG)

Présence de cfDNA dans les cancers -

.
.
10 uoi N . 0 -

ng/ mi

&0 0

DHA

500+

Free DNA in the Serum of Cancer Patients and the Effect of 400 - .
Therapy .
S. A. Leon, B. Shapiro, D. M. Sklaroff, and M. J. Yaros 300 H - .

[CANCER RESEARCH 37, 646-850, March 1977 2004 . .

100+
504—%

NUMBER OF PATIENTS

20

o

o
P PP P B LD P )
Yol e S
NO WMETASTASES WITH METASTASES NORMAL
DNA LEVEL IN SERUM Tngsmil

R

Frequency of cases with delectable ctDMA, %)
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25 prognant wormsan - Seren [12]
25he nant woman (12 ]
al

-

17 L
35 breast ca tients (23| = —
27 healthy by Indwviduale (24 —) L
[ [ 24 acute blunnrm'netoo injury patients — A
O 34 pregnant woman (35| = A
20 healshy individuals [26] = —— &
- g 30 cancer Du:ieng 26— ol
non-Sml cangor paticnl -
lmahn\r individuals [13] — A A
22 bone murmw |ransplanlu|.lu1 recipients - senam - A
22 ion recipients =
™00 healihy individuals - serum |28 ——— - P
T e A Dt ] Tl e e L T T T e T —
TG VAN Cantale’ AT < QAN (] =] = s et =t omy == S e S i e ——— ---

e Concentration ‘”“":";'mwm e e e
> Healthy Av. 15 ng/mL sgowmﬂ;mmm :

hylnmvlduukz sanm ﬂ
Sémwcudlali patients - serum |32

(O to 128 ng/ml) s

19 lung and 4 colon cancer patients under freatment

> Cancer Av. 137 ng/mL P

30 healthy women

i hefl?h‘ﬁ:lmt man

(0 to 4738 ng/ml) s S
2;5'].!“" rnarathon runners aflor race

individuals - sarum

e Alsoin begin disease...  romeaaEEE
2R storad DNA samples of haalthy

> Hyperplasia, inflammation, %mmm%fm?
pancreatisis... i

40 healthy men [19
7 banign lung disease patients

> Limitation as diagnostic tool i
e CAN variation as Marker mf%ﬁﬁw
> Prognosis (OS/DFS) e

9 slomack cancer patents

L ]

|

coln cancer pataints

51 nlmylndﬂdulk serum (36
> Follow-up, relapse B G

32 colorectal cancer patients si 1l - serum

=>controversial —

7 athletes atter mmining
17 athletes al h'ﬂl'yI MH‘BHH

0 mhmls at lna anﬂ n! amodiabyse
38 healthy individuals - serum 42
12 healthy individuals - serum clotted 2h
21 haalthy individuals (43
58 with chest pain sungesrna n! ischamia [4
haal

Healthy
Benign
Cancer
serum

Minimum 10smacol cancr palints - senum
MaXimum ‘leumcmm?niuﬁ; &

9 severe acule pancrealitis patients - serum (21
& Mean 21 mild pancreatitis patients - serum

o
H
2
g
Z
H

w
w

M. van der Vaarf, PJ. Pretorius /7 Clinical Biochem iiir 0.1 1 10 100 1000

Log concentration (ng/ml)

93



Tumor specific change (e.g. Mutation)

Tumor cell |

release DNA | [I
y L i J

* Cirulating

Tumor DNA =

Tumor Blood



First evidence

Soluble Normal and Mutated DNA Sequences from Single-Copy

. 1
Genes in Human Blood George D. Sorenson® Donna M. Pribish,

Frank H. Valone, Vincent A. Memoli, David ). Bzik, and
Vol. 3, 67-71, JanuaryfFebruary 1994 Cancer Epidemiology, Biomarkers & Prevention Siu-Long Yao

Table 1 Patients with pancreatic adenccarcinoma

B Plasma DiNA Plasma DINA Tumor DNA
Fatient Mo, Age e mitation* (A5A) SEQUEnNCE SECUence
1 (LCEDE) 74 F CoT e GT MNIAT li
2 (HWO49) 69 M CAT GGIATH GGAAT 5l
3 IHP385) 57 M GITe GOt GGTT n
G AC T G AC T G A C T
- e. T-GG/TT . S-GG/TT
a. WT-GGT . T-GG/AT d. S-GG/AT

3 patients bearing pancreas cancers
ASA PCR and Sequencing



Quelques caracteristigues

e AcNucl. Libre et stable

> Association avec : proteine & lipide, micro-vesicule ...

> Stable,

> Adsorption a la surface cellulaire (?)

e Serum ou plasma ?
> Les 2 dans la littérature mais plasma +++
> « Contamination » in vitro par lyse et coagulation

e Fragments courts d’ADN
> Petit fragment DNA associés a l'apoptose. (<300bp)
> fragment long plus souvent “wildtype”

-
[=1

-+ 21
8- 130
- 32

g &

0+

i
Size of PCR product (bp)

Diehl F et al. PNAS 2005

Fraction of APC fragments (D
with mutations (%)

> Extraction adaptée (pour les petits fragments <300bp)

e élimination
> digestion, hépatique and urinaire




Plasma

p <0.01

1 A
AN

o+ ~ [=] W o <+ [a] =]

Serum

16

(4Od 101u00 19 — 4O d oyads uonenw 19) 10V

> notion d’échantillon dédié.

Seconde centrifugation nécessaire (immeédiate or avant analyse)

(ou tubes spécifiques Anticoag.+ conservateur )
& congélation a -80°C (ou tubes spécifiques )

5-10mL plasma-EDTA >>> serum, (proscrire I'néparinate de Li)
Collection & centrifugation en 2-4hrs (€viter la lyse in vitro)
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Test de conservation

Fréquence alléligue des mutations dans le sang total  °°

ng/mL (pour 10ng)

6,0

50

Quantité totale (ng):jJ I I I u

EDTA

120,0

100,0 +

—4—BRAF V600E

% de mutation/t0
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100,0

80,0

60,0

40,0

200+

0,0

STRECK

=—4—BRAF V600E
—#—EGFR G7195

=== KRAS G13D

et PIK3CA H1047R

== CTNNB1 533Y
PIK3CA G914R
== SMO V404M

P53/

temps a temp ambiante (h)
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des mutations dans le plasma
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Principe de la PCR digitale

99.9% wild type sequences
0.1% mutant sequences

Key:
— Wild-type sequence
—— Mutant sequence

Template DNA undergoes
limiting dilution

AL

Classic procedure
based on PCR

PCR ampllﬁcatlon

Partitions/aliquots are scored as positive or negative dependlng on the pres-
ence or absence of one or more copies of the locus of interest in each partition

Digital procedure
compartmentalization of individual DNA

Global analysis + + Analysis of each compartment individually

Low or no signal corresponding 99.9% wild type sequences
to mutant sequence 0.1% mutant sequences
Rare variant detection Easy analysis

Estimating copy-number variation
Minimal template requirements

TRENDS in Molecular Medicine

Trends in Molecular Medicine July 2012, Vol. 18, No. 7



EGFR Status
@ 1L858R

@ T790M
@ Wild type

Sensitive] Sanger
PCR |Sequencing
EGFR L858R + +
EGFRT790M - -
Digital PCR
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EGFR Status
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e
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Fig. 2. Digital PCR, mutant allele frequency (MAF) and test sensitivity. The issue of sensitivity and mutant allele frequency in biopsy mat

may have a significant impact on the interpretation of molecular biomarkers and the delivery of personalized cancer medicine. Currg
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New technoloaies

DNA Isolation Pre-Amplification #

{

=
Tumor D&
Villd-lype DMA

Plesma

Megnetic beads
coaled with prmer

[ o

| "‘ Watgr-in-qil
T emulsion
== Lo

oNTPs
Polymerase
Primer
Qil-Ermulsifier Mixhure

%

3 |

Emulsion-PCR Hybridization

BEAMing (Beads, Emulsions, Amplification, and Magnetics)

Allele-specific hybridization

Wild-type Mutant
FS— FL —
Denaturation
I — T e—
’ - :
—r X —— X
»\1_ G *
Hybridization
— e ] e
G 3 A1

@ Inostics

Dressman et al. PNAS 2003
Mutant genomic DNA spiked into wild-type genomic DNA

Flow Cytometry Analysis
100 4
o | @ oz 3,000copies
g INormal DNA Mutant & g 10 A 1,000 copies
Ry 8
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ALl QL

nucleic acids

ﬁf" GMO DNA 1

d‘f GMO DNA 2
ﬂ@”‘\ miRNAS
& e

& STILLA

oz JUJIIPIG

into a droplet crystal

measured concentration (cp/ ul)

6000

5000

3000

2000

Droplet crystal-
Self-assembled 2D array of
droplets
I
o

Expected concentration (cp/ ul)
® ALB gene, human (FAM)
@ Internal Positive Control (IPC — Yakima Yellow))

i'_\.IIJI_)IIIj e H\_JL-J Detect & Quantify by
by PCR counting positives
C =102 cp/uL

) C =152 cp/uL

R*=0,9848

) C =8cp/uL




&2 STILLA

3-color multiplex detection of £GFR mutations

EGFR T790M
\ssay: Hydrolysis probes _ .93
—jl_ 0 __i """"

EGFR WT (FAM) ) -

EGFR T790M (Cy3) ? . {

EGFR L858R (Cy5) 2 g

EGFR L861Q (Cy5) I
0-fold dilution series in WT background ( 500 cp/uL) oo

' Expected (cp/uL)
LESER e LBB]'Q
. = L - W i -fr",,,.r'
% — & el
: . >
E : g ot
- D‘Dloj_ 1 10 100

Expected (cp/pL)
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Platform Description Number of Aliquot Analysis Published Integrated Commercial  Published
reactions volume sensitivity thermocycling  availability applications
for rare and analysis
variants
Microdroplets
ddPCR, BioRad Microdroplets are generated in an emulsion and transferred to 96 well 20,000 per 1nL Automated droplet 0.001% No Yes Genotyping
plates for cycling then to the custom analysis unit (QX100 droplet reader). 20 pl sample flow cytometer (two QX100 absolute
The reader unpacks the emulsion to single droplets for analysis. colors) with Tagman Droplet quantification
probes digital PCR [9,11]
System
RainDrop, Microdroplets, are generated in an emulsion, collected and transferred for  Continuous 9pL End point analysis 0.0005% No Yes Genotyping|[65]
raindance thermocycled. The emulsion is then injected onto a microfluidic device and  flow with TagMan probes RainDrop Absolute
technologies each droplet is analysed digital PCR quantification|63]
system
BEAMing (beads,  Microdroplets containing magnetic beads are generated in an emulsion and 5 x 10° beads 9 pm Labeled beads are 0.01% No No Genotyping
emulsion, transferred to 96 well plates for thermocycling. The emulsion is dispersed diameter analyzed by flow Absolute
amplification,  and the beads separated. A circularizable probe is hybridized to the cytometry quantification [13]
magnetics) sequences on the beads and the changes of interest are labeled with
fluorescently labeled dideoxynucleotide terminators
Microfluidic chambers
MegaPixel digital  Surface tension based sample partitioning creates aliquots that are 1x10° 10 pL Microarray scanner 0.001% Yes No Genotyping [20]
PCR thermocycled and analyzed on the device. Fluorescent probes are annealing
during thermocycling to enable analysis
Spinning disk Aliquots are generated by passive compartmentalization through 1,000 33nL CCD camera - end - Yes No Copy number
platform centrifugation. These are thermocycled and analysed on the device point melting curve variation and
analysis absolute
quantification [61]
OpenArray Microfluidc reaction chambers are loaded, thermocycled and analysed using 3,072 33nL CCD camera - real time - Yes Yes
Life the OpenArray system. Chambers may be preloaded with the assay of choice PCR end point melting OpenArray
technologies/ curve analysis Real-Time
ABI PCR
platform
Digital array chip, Microfluidic reaction chambers are loaded, thermocycled and analysed 9,180 6nL CCD camera - real time Yes Yes microRNA
fluidigm using the BioMark system (12 < 765) PCR end point melting BioMark HD  expression [53]
Prototype curve analysis system Single cell gene
2 x 100,893 expression [66]

@‘ Make Droplets

PCR
Droplets

| Read and e
Analyze Results

Genotyping [35]
Targeted
resequencing [67]
Copy number
variation|19,21,60]
Absolute
quantification [25]



exploration cfDNA—Techniques

| Method of analysis
HREMA

ARMS

PNA-clamp

Digital PCR

NGS

DHPLC

Mutant-enriched PCR

Description

PCR-based method that provides a specific seq lated pattern, allowing a
sensitive identification of mutations, Further sequencing is needed to identify the
specific mutation

Mutations are identified through the use of probes matching specific target
sequences. ARMS technology i a sensitive and rapid method, although do not allow
the detection of unknown mutations

PHA-clamp technology consists in the selective amplification of mutant alleles
through the use of specific PNAs that supp fid-type sequence. miust
be known in advance

Digital PCR allows the detection and quantification of small amounts of mutant DNA,

by partitioning a DNA sample into many single and parallel PCRs. Mutations must be
L3

» detection and quantification of known and unknown mutations
4 It s & sensitive method and allows samples multiplexing, but it
requires good expertise

Sensitive method to detect mutat based on the diff ial ion of homo

d. DHPLC only gives information of

and b DA partially d
presence/absence of mutations
Mot expensive PCR-based assay for mutation detection through digestion of PCR
products, that are then amplified again and sequenced. Only specific alterations can

be analyzed
-

Limit of detection (%)'  Ref.
o1-10

0.5-1 [8s]

om les]

0.005-0.01

Fenizia et al. Fut.Onco. 2015

Importance de la sensibilité
analytique .... Mais pas uniquement

Concentration Cf DNA moyenne 1-100ng/mL de plasma
dans les maladies progressives

=> soit

soit 330 a 33 000 copies d’ADN

Question de la sensibilité mais aussi du volume de plasma

Recommandation GFCO => technique sensible a minimum 2%

et sensibilité précisée sur le CR d’analyse/considéré dans la conclusion.



Emulsion-PCR Hybridization
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cfDNA pour le suivi dans le cancer du colon
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Personalized Analysis
of Rearranged Ends
(PARE) =

cfDNA application— WES/Chr alterations

Compare WGS for advanced cancer & healthy patient

: . Call-free DNA isolated from plasma

Copy number analysis (digital karyotyping)
Rearrangement analysis (PARE)
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cfDNA for tumor follow-up
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Plasma sample
before treatment

Allele fraction

Mutations

/Ss‘\

26/01/2017

Exome

sequencing

Analysis of mutations
in plasma DNA

Identification
of mutations

selected by
treatment

Non-invasive analysis of acquired resistance to
cancer therapy by sequencing of plasma DNA o/ sarese 1 vorao7 12 wav 2015

Muhammed Murtaza'#, Sarah-Jane Dawson®?*, Dana W. Y. Tsui*, Davina Gale!, Tim Forshew!, Anna M. Piskorz!,
Christine Parkinson'?, Suet-Feung Chin', Zoya Kingsbury?, Alvin S. C. Wong*, Francesco Marass', Sean Humphray>,
James Hadfield!, David Bentley®, Tan Min Chin*~, James D. Brenton®%®, Carlos Caldas™*® & Nitzan Rosenfeld'

a b c
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Application Cliniqgue — Cancer

Epidermal Growth Factor Receptor Mutation Status in
Circulating Free DNA in Serum

From IPASS, a Phase Il Study of Gefitinib or Carboplatin/Paclitaxel in

Non-small Cell Lung Cancer

Journal of Thoracic Oncology * Volume 7, Number 1, January 2012

Koichi Goto, MD, PhD.* Yukito Ichinose, MDD, Yuichiro Ohe, MD, PhD,}

Sensitivity =|43.1%] (22 ¢fDNA M+ out of 51 tumor M+).7
Specificity =|100%]|(all 35 tumor M- were cfDNA M—).”

Original Investigation

>

Bronchique

Carboplatin/

_ 10T Gefitinib  paclitaxel
E n 24 22
£ o084 Events 15(62.5%) 19 (86.4%)
2 HR = 0.29 (95% C1, 0.14-0.60)
£ p<0.001
I cfDNA EGFR mutation-positive
g o DxS EGFR Mutation Test Kit
2mL of serum
* 0.0 T T T T 1

0 8 12 16 20 24

Time (months)

Association of EGFR L858R Mutation in Circulating Free DNA

With Survival in the EURTAC Trial

Niki Karachaliou, MD; Clara Mayo-de las Casas, PhD; Cristina Queralt, PhD; Itziar de Aguirre, PhD;

JAMA Oncol. 2015;1(2):149-157.

Sensitivity = | 7804 (76/97)

1,2mL of serum & plasma

PNA clamp

Figure 2. Overall Survival According to Epidermal Growth Factor (EGFR) Mutation Status in Tissue and in Circulating Free DNA (cfDNA)

——— G1: Exon 19 deletion detected in tissue (n=56)
—— G2: L858R mutation detected in tissue (n=41)
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Application Clinigue — Cancer Bronchique

21014) July 15, 2015
Detection and Dynamic Changes of EGFR

Mutations from Circulating Tumor DNA as a

Clinical
Cancer
Research

Predictor of Survival Outcomes in NSCLC Patients
Treated with First-line Intercalated Erlotinib

and Chemotherapy = FASTACT-2

Tony Mok‘,Yi-Long Wgz, Jin Soo Lee‘i’, Chong-Jen Yu?, Vi e.Sri ranpongS,
2mLofblood Sensitivity =|75%|(72/96)

cobas 4800 blood test  Specificity =|96%|(137/142),

Highly Sensitive Droplet Digital PCR Method for ~ (f)coe
Detection of EGFR-Activating Mutations in Plasma £ oo
Cell—Free DNA from Patients with Advanced Non—Small 2
Cell Lung Cancer %ﬁ
Guanshan Zhu,* Xin Ye,* Zhengwei Dong,* Ya Chao Lu,” Yun Sun,* Yi Liu,” Rose McCormack,’ Yi Gu,* and Xiaoging Liu’ E -
The Journal of Molecular Diagnostics, Vol. 17, No. 3, May 2015 <
EGFR E19-Det ”:
sensitivity of| 81.82%| (95% CI, 59.72%—94.81%) oo
specificity of] 98.44% (95% CI. 91.60%—99.96%) gww
EGFR LB38R %‘"""’
sensitivity of| 80.00% (95% CI. 51.91%—95.67%) : ...
specificity of|95.77%| (95% CI, 88.14%—99.12%). & w

Fraction of EGFR mutant (%) ‘
0.29%
r 1.61%
___n.:_su___on_o% ----- ---llllll..ll.llll|||

1 2 3 4 5 6 7 8 0 1WNMIZIFEI1I516IT19 192021 222324252627 2829 W N 2 B M

Total DNA input (GEs/reaction)

12 23 466 78 8 0MI21314159617181920 2122234262627 2020 01 32 3 4
EGFR mutation positiva samplas



Résultats des études cfDNA
sur cohortes cIiniques CBNPC

Goto
IPASS 2mLserum 96 DXS 4300 100 JTO 2012
EGFR %
EURTAC 1,2 mL PNA 78% N.A Karachalio
Serum ou 97 Clamp u
plasma JAMA
2015
FASTAC-2 2mL 238 Cobas 7 5% 96% Mok
Plasma CCR 2015
BioCAST plasma 107 NGS 5894 87%  Couraud
(68) Panel CCR 2014
N.A plasma 34 dPCR 0 98% Zhu
8250 96% JMD 2015

80%L858R



Detection Female Adenocarcinoma Ever No. of  Sensitivi Specifici
First author Country Year ty Sp ty

methods (%) (%) smokers (%) samples (%) (%)
Kimura H (37) Japan 2006 ARMS 37.3 85.2 NA 11 75 40
Kimura H (38) Japan 2007 ARMS 33.3 73.8 66.7 42 75 a7
He C (46) China 2009 ME-PCR 36.6 75.4 53 18 89
Yung TK (26) China 2009 Digital PCR NA NA NA 29 94
Kuang Y (47) USA 2009 ARMS 81.5 NA NA 43 70 85
Bai H (48) China 2009 DHPLC 46.5 74.3 44.8 230 97 92
Sriram KB (49) Australia 2011 ME-PCR 33.9 56.3 93.7 64 50 100
Jiang B (50) China 2011 ME sequencing 31 72.4 62.1 58 78 100
Taniguchi K (51) Japan 2011 BEAMIng 65.9 95.5 NA 44 73 0
Brevet M (52) USA 2011 Seqguenom 51.6 96.8 54.8 31 44 85
Goto K (33) Japan 2012 AS-APEX 87.6 NA 9 86 43 100
MNakamura T (53) Japan 2012 I-PCR-QPM 51.3 100 46.2 70 45 100
Hu C (54) China 2012 HRM 50 58.3 45.8 24 100 0
Huang Z (55) China 2012 DHPLC 46.7 78 41.4 §22 64 85
Xu F (56) China 2012 ARMS 39.2 84.3 NA 34 50 100
Yam | (57) China 2012 AS-APEX 60 94.3 14.3 35 100
Jing CW (58) China 2014 HRM 42.5 58.3 NA 120 64 97
Liu X (59) China 2013 ARMS 34.9 98.8 54.7 86 68 100
Lv C (60) China 2013 DHPLC 54.5 NA 455 6 0 100
Zhang H (61) China 2013 MEL 43 75.6 51.2 86 68 100
Kim ST (62) Korea 2013 PNA-LNAPCR 38.6 70.2 56.1 57 66 93

clamp

Zhao X (39) China 2013 ME-PCR 31.5 65.8 514 111 35 98
Kim HR (63) Korea 2013 PNAClamp NA NA NA 40 @ 100
Li X (plasma) (684)  China 2014 ARMS 42.5 78 46.8 141 48 95
Li X (serum) (64) China 2014 ARMS 44 79.6 43.5 108 40 96
Weber B (41) Denmark 2014 Cobas EGFR 49 95 91 196 61 96

blood test
Douillard JY (42) Europe 2014 ARMS NA NA NA 652 66 99

Wang S (65) China 2014 ARMS 48.5 80.6 46.3 74 22 97



e Meta Anayse

> 1-Luo etal. 2014 20 etudes Asie (+1US)
- Sens 0,674 (0,517-0,800) ; Spé 0,935 (0,888-0,963)

> 2-Qiu et al. 2015 20 études id + 7 dt caucasians pop.
« Sens 0,620 (0,513-0,716) ; Spé 0,959 (0,929-0,977)

e 3-recent data (real life setting) european Lung CancerConference 2015

ASSESS frial IGNITE trial
Parameter Overall (n=1,162) Same method (n=254)  Asian pacific patients (n=1,687) Russian patients (n=894)
n/N (%) 95% ClI n/N (%) 95% CI n/N (%) 95% Cl n/N (%) 95% CI
Concordance 1,035/1,162 87.1-90.8 221/254 82.2-90.9 1,310/1,687 75.6-79.6 767/894 83.3-88.0
GER 8700 ~— (77.7) - (85.8)
Sensitivity 87/189 38.8-53.4 25/56 31.3-58.5 343/692 45.8-53.4 33/109 21.8-39.8
(46.0) (44.6) (49.6) (30.3)
Specificity 948/973 96.2-98.3 196/198 96.4-99.9 967/995 96.0-98.1 734/785 91.5-95.1
974 — (@.0 (97.2) - @35
PPV 87/112 68.8-85.0 25/27 75.7-99.1 343/371 89.3-94.9 33/84 28.8-50.5
(77.7) (92.6) (92.5) (39.3)
NPV 948/1,050 88.3-92.0 196/227 81.2-90.5 967/1,316 71.0-75.8 734/810 88.4-92.5
(90.3) (86.3) (73.5) (90.6)

n, numerator value for each parameter; N, denominator value for each parameter; PPV, positive predictive value; NPV, negative
predictive value.

e B o rdi et al. Role of circulating DNA in EGFR mutated NSCLC




Gefitinib Treatment in EGFR Mutated Caucasian NSCLC

Circulating-Free Tumor DNA as a Surrogate for Determination
of EGFR Status

(J Thorac Oncol. 2014;9: 1345-1353)

Jean-Yves Douillard, MD, PhD,* Gyula Ostoros, MD, 1 Manuel Cobo, MD, } Tudor Ciuleanu, MD,§
Rebecca Cole, PhD, || Gael McWalter; MSci, || Jill Walker, PhD,|| Simon Dearden, MSc, ||
Alan Webster, MSc, || Tsveta Milenkova, MD, || and Rose McCormack, PhD||

Objective response rate (%)
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All mutations . exon 19 deletions L858R point mutations .
(95% ClI
(95% ClI 68.7-90.7)
(95% ClI 65.4-85.5)
95% Cl 64 0.81.6) 82.2 | o5%ci
60.5-77.7) (95% ClI D.Y
725 | 46.6-77.9) 10.8-84.6) (35% Cl
DY.E8 43.5-73.7)

NC
N= 74/106 50/69 21/33 50/65 37/45 13/20 22/37 0 0
Tumor EGFR mutation-positive Tumor EGFR mutation-positive Tumor EGFR mutation-positive

Plasma 1 EGFR mutation-positive Plasma 1 EGFR mutation-negative




26/09/2014 le médicament (CHMP) a valide une variation de l'autorisation de mise

sur le marché (AMM) d’lressa (géfitinib).

« Lorsque l'utilisation d'IRESSA est envisagée en tant que traitement du CBNPC localement avancé ou
métastatique, il est important que la mutation de 'EGFR a partir du tissu tumoral soit recherchée pour tous les
patients. Si un échantillon de la tumeur n’est pas analysable, de I'ADN tumoral circulant (ADNCct)
obtenu a partir d’'un échantillon de sang (plasma) peut alors étre utilisé.

Seul(s) un/des test(s) robuste(s), fiable(s) et sensible(s), ayant démontré son/leur habilité a déterminer le
statut de la mutation de 'EGFR au sein la tumeur ou de ’ADNct, doivent étre utilisés pour éviter les
déterminations de faux négatifs ou de faux positifs ».

17/02/2016 autorisation de mise sur le marché (AMM) de Tagrisso (osimertinib).

« TAGRISSO est indigué dans le traitement des patients adultes atteints d’'un cancer bronchique
non a petites cellules (CBNPC) localement avancé ou métastatique, avec mutation EGFR T790M
(récepteur du facteur de croissance epidermique). »

idem Xegafri (rociletinib) 3/5/2016
e Problematique
> Standardisation des méthodes pré-analytique
> Standardisation des méthodes de détection
> Complémentaire — analyse de recourt attractive
> Attention a ne pas minimiser I'apport de I'approche tissulaire



Recommandations du GFCO pour l'utilisation diagnostique des analyses
génétiques somatiques sur ’ADN tumoral circulant.

Antoinette Lemoine, Sébastien Couraud, Frédéric Fina, Sylvie Lantuejoul, Pierre-Jean Lamy, Marc Denis, Etienne Rouleau

e Importance du préanalytique :

Ech. Dédié/tube spécifique, 2-4mL plasma, délais d’acheminement, double
centrifugation, conservation -80°C, sensibilité de la technique...

e Recommandation sur les méthodes : La technique choisie doit étre _
suffisamment sensible : minimul 2% mieux si <1%. La quantité d’ADN initial doit
étre correctement évaluée, soit sur gPCR soit sur dPCR.

e -Pour larecherche de mutation activatrice de sensibilité: La biopsie reste
la regle. LADN tumoral circulant doit rester une solution par défaut, en
I'absence d’ADN tumoral disponible, du mois en routine. Indication : recherche
la mutation activatrice de 'EGFR dans ’ADN tumoral circulant.

- Pour larecherche de T790M, I"'approche plasma en lere intention mais doit
étre compléter par un approche tissulaire si négatif et possible

e Le suivi et le dépistage restent du domaine de la recherche.

e Toutetechnique confondue (en moyenne) sensibilité = 70% ; specificite =
92%. L'absence de résultat positif ne signifie pas que le patient ne préesente
« aucune anomalie ». Les faux-négatifs devraient egalement étre re-interpretes
selon l'histoire du patient

o/( 0 RE DU DIAPORAMA Genera 8



Cancer broncho-
pulmonaire prouvé sur
biopsie/cytologie avec

indication d'analyse
moléculaire somatique

Recommandations du GFCO [ ;m_ Matériel histo/cytologigue Hon
A.Lemoine et al. 2016 i l : disponible ? N
Analyse sur Analyse sur ADN
matériel —_— circulant
hista/eytologique recommandée

Echec technique oul

de 'analyse ?

Figure 1. Indication de l'analyse moléculaire sur ADN circulant en situation de diagnostic moléculaire initial.
Figure 1. Indication for molecular analysis of circulating DNA during initial molecular diagnosis.

26/01/2017 TITRE DU DIAPORAMA Général




Cancer brencho-pulmenaire
awver mutation
activatrice de 'EGFR traité
par TEI de 7™2*
génération en situation de

DO EssIinm

!

Recherche de mutation de
résistance T790M sur ADN
girculant recammandéa

Mutation TTHIM
détectés

Mutation TT20M

Recommandations du GFCO e
A.Lemoine et al. 2016 1 .

I —_— i .
| Re-biopsie pour | Framgmeqt p:ur
anahyse sur matériel osimertinib indigué
istodoyt darns les conditions
h ahogigue
) = de I"AMM et hors

contre-imdication

fte-blopsia non

Mutation T
réalisable

non détectée

Second prélévement sanguin pour rechesche
de mutation de résistance sur ADN circulant
possible si progression lente et sans induire de
ratard de prise en charge

Mutation T790M

nan détectée

Traitement par
L osimertinib non-
indigué

A ; autorisation de mise sur le marché

Figure 2. Stratégie d'indication de I'analyse moliculaire sur ADN circulant en situation de diagnostic mabéoulaire de résistance
aux TE| 'EGFR de premigre ou seconde génération,

26/01/2017 o )
Flgure 2, Strategy for indication for molecelar analysis of crculiting DA during molecular investigation of resistance fo first or
second generation EGFR TEs,




Autre application

EGFR T790M T790M

, , No. of EGFR o o o

First author Year Methodic i L variation determination variation Others
patients determination levels (timing) levels

Murtaza M (36) 2013 Digital PCR 1 J J J (R) J p53, NFKB1
Oxnard GR (81) 2014 dd-PCR 9 J J J(R) J -
Sorensen BS (82) 2014 Cobas EGFR blood test 23 J J J (R) J -
Marchetti A (83) 2015 Cobas EGFR blood test 57 J J - - -
Ahn MJ (84) 2015 dd-PCR 60 J J J(R) - -
Wang Z (85) 2014  Digital PCR, ARMS 135 - - J (D) J -
Nakamura T (86) 2011 MBP-PQ 49 - - J(R) J -
Marcq M (87) 2014 ARMS 2 J J J (R) J -
Piotrowska Z (88) 2015 BEAMing 12 J J J (R) J -
Sequist LV (89) 2015 BEAMIing 113 - - J (R J -
Thress KS (90) 2015 NGS, dd-PCR 19 J J J (R) J EGFR C797S

dd-PCR, digital droplet-PCR; ABRMS, amplification refractory mutation system; MBP-PQ, mutation-biased PCR guenching probe;
BEAMIing, beads, emulsion, amplification and magnetics; (R), at resistance; (D), at first diagnosis.

Bordi et al. Role of circulating DNA in EGFR mutated NSCLC
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Diagnostic Accuracy of Noninvasive Genotyping of
EGFR in Lung Cancer Patients by Deep Sequencing
of Plasma Cell-Free DNA

Junji Uchida," Kikuya Kato,® ¥oji Kukita,® Toru Kumagai,® Kazumi Nishino," Haruko Daga,?
lzumi Nagatomo,® Takako Inoue,' Madoka Kimura," Shigeyuki Oba,® Yuri Ito,® Koji Takeda,?
and Fumio Imamura’

STEQE ” Table 4. Biopsy and plasma mutation types under the
final threshald setting.
& 45
IE 18 Plasma
& orlB 1
I 19 _ Exon 19
A 13 Biopsy Wild-type deletion L858R Double
I8 & All cases
L[] 53 Wild-type 163 5 15 2
A 27 Exon 17 deletion 23 25 2 1
g 26 L BSER 23 0 26 1
v . 1ae Double 1 1 0 0
Hndetemined ¢ Stage HIIA
e wild 85 0 g8 1
Adenocarcinoma 274 lic-type .
Squamous cell carcinoma Exon 1% deletion 13 2 ? a
Adenosquamous cell carcinoma LBSER 15 o 3 1
Crther 5 Double 0 0 0 i}
exon 19 del. T
Wild-type 23 5 7 1
SenS 509% (95% CI 37.9%—63.9%) Excn 19 deletion 10 23 o 1
Spe. 98.0% (s8.5%-100%) LB58R 7 0 23 0
Double 1 1 0 0
L858R,
Sens. 51.9% (38.7%- 64.9%)
Spe. 94.1% (83.5%-98.6%)

26/01/2017 TITRE DU DIAPORAMA Général

Clinical Chemistry 41:9
119111946 (2015)

stages IA-IIIA
sensitivity 22.2%
(11.5%—-38.3%)

stages llIB—-IV
sensitivity 72.7%
(60.9%-82.1%)

« Because sensitivity

was low in early-stage
NSCLC, the detection
system is preferred for
stage lIB—IV NSCLC”
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Detection and Dynamic Changes of EGFR ]

Mutations from Circulating Tumor DNA as a

Predictor of Survival Outcomes in NSCLC Patients

Treated with First-line Intercalated Erlotinib

and Chemotherapy Clin Cancer Res; 21(14) July 15, 2015

Tony Mok, Yi-Long Wu?, Jin Soo Lee®, Chong-Jen Yu?, Virote Sriuranpong®,

Jennifer Sandoval-Tan®, Guia Ladrera’, Sumitra Thongprasert®, Vichien Srimuninnimit®,
Meilin Liac™, Yunzhong Zhu', Caicun Zhou'?, Fatima Fuerte', Benjamin Margona'?,
Wei Wen'®, Julie Tsai'®, Matt Truman'®, Barbara KIughammerW, David S. Shames'®, and

Lin Wu'®
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~ ] " N Figure 2.
1 - - . . Dynamic guantitative change in EGFR
mut” cfDMNA at baseline, C3, and PD.
0-124 ! | : | — ! vy . v ,  GC+E, erotinib plus chemotherapy;
Baseline (GC+P) Baseline (GC+E) Cycle 3 (GC+P) Cycle 3 (GC+E) PD (GC+P) PD (GC+E) GC+P, placebo plus chemotherapy.
{n =51) (n=47) (n=51) (n=47) {n =51) (n=47) *copy/mL <0.1 were undetectable.

Median EGFR mut* cfDNA

(copy/mL of blood) GC+P GC+E
Baseline 78 94
c3 5 0
PD 83 B
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FASTAC2 Mok et al. CCR 2015
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Noninvasive Detection of Response and Resistance in EGFR-
Mutant Lung Cancer Using Quantitative Next-Generation

Genotyping of Cell-Free Plasma DNA Clin Cancer Res; 20(6); 1698-705. ©2014 AACR.

Geoffrey R. Oxnard’®, Cloud P. Paweletz', Yanan Kuang'?, Stacy L. Mach’, Allison O'Connell'2,
Melissa M. Messineo™?, Jason J. Luke™, Mohit Butaney', Paul Kirschmeier' .@ -9 O

i ’ A Janne! ’ ’ 00000 —
David M. Jackman'*®, and Pasi A. Janne'**° ( o o //
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Monitoring of Epidermal Growth Factor Receptor Tyrosine CC] ncer

Kinase Inhibitor-Sensitizing and Resistance Mutations in the

Plasma DNA of Patients With Advanced Non-Small Cell Lung g 2 Fusat
Cancer During Treatment With Erlotinib  soomo {
Boe S. Sorensen, MS, PhD'; Lin Wu, MS, PhD?, Wen Wei, MS, PhD?; Julie Tsai, BS?; Britta Weber, MD, PhD'?; % sane
Ebba Nexo, MD, PhD'; and Peter Meldgaard, MS, PhD® § m.\ //
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Quantification and Dynamic Monitoring of EGFRT790M  ngvember 2014
in Plasma Cell-Free DNA by Digital PCR for Prognosis of

EGFR-TKI Treatment in Advanced NSCLC

| Volume 9 | Issue 11 | e110780

PLOS ONE | www.plosone.org

Zhijie Wang, Rui Chen, Shuhang Wang, Jia Zhong, Meina Wu, Jun Zhao, Jianchun Duan, Minglei Zhuo,

Tongtong An, Yuyan Wang, Hua Bai*, Jie Wang*
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Heterogeneity Underlies the Emergence
of EGFR™°° Wild-Type Clones Following
Treatment of T790M-Positive Cancers with
a Third-Generation EGFR Inhibitor s©

Zofia Piotrowska'#, Matthew J. Niederst!#, Chris A. Karlovich? Heather A. Wakelee?, Joe!W. Neal®, ro C I I etl n I b
Mari Mino-Kenudson'#, Linnea Fulton?, Aaron N. Hata'*, Elizabeth L. Lockerman?, Anuj Kalsy?,

Subba Digumarthy!#, Alona Muzikansky4, Mitch Raponi?, Angel R. Garcia®, Hillary E. Mulyey!,

Melissa K. Parks?, Richard H. DiCecca’, Dora Dias-Santagata'®, A. John lafrate’ *, Alice T. Shaw!*,

Andrew R. Allen?, Jeffrey A. Engelman'4, and Lecia V. Sequist™*
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Mechanisms of acquired resistance to AZD9291 In

EGFR T790M positive lung cancer
Geoffrey R. Oxnard?, et al.

AZD9291- osimertinib (TAGRISSO) irreversible,
mutant-selective EGFR-TKI developed to have
potency against both EGFR sensitizing mutations and
T790M - Phase | study of AZD9291 (AURA,
NCT01802632), the response rate in patients with
T790M was >60%

We recently reported that acquired resistance to
AZD9291 mediated by acquired EGFR C797S or loss
of the EGFR T790M.

(Thress KS, et al. Acquired, Nat Med 2015;21:560-2.)

= 67 patients enrolled in the study.
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e 67 pts were eligible for acquired resistance and T790M positive on plasma
or tumor genotyping at enrollment. Of those, 15 had detectable C797S on
ddPCR (22%), all with detectable T790M.

Allelic fraction of EGFR sensitizing in T790M loss
vs T790M positive plasma at progression

100

e 320f 67 (47%) had no detectable T/90Min 00t apng
plasma despite presence of the EGFR-TKI § *oly 00 —..'E-q:-?r
sensitizing mutation, suggesting e -
overgrowth of an alternate resistance £ N "
mechanism. % ! . _'-_.

0.1 .: T
M )

e Loss of T790M at progression may be & &
mediated by overgrowth of a competing 4@“‘ @“&
resistance mechanism eg. HER2, BRAF, &

M ET Plasma result at progression




Results: HER2 amplification

SCAPULAR HER?
SCAPULAR BIOPSY e ‘1’
B"Ig'F\,'SY EGFR del19 EGFR del19 | g . (I
T790M negative T790M negative ' A
o LA L P
T790M ti o aa G R b QR
negative LUNG BIOPSY LUNG BIOPSY U N R
EGFR del19 and EGFR del19 |
T790M positive T790M negative/
No HER2 amplification C797S negative ' .
(CGH) HERZ2 amplificatign HER2 amplification by CGH:
log ratio x3.32

» 54 year-old man, I

* Former smoker
(20 PY)

» Adenocarcinoma Sen

+ Metastatic to brain, i
bone :

* EGFR exon 19 del

HER2/CEP17: 6.65
HER2 in red; centromere 17 in gr

NGS: lon Torrent PGM
CGH: Agilent technology
HER2-FISH: Dako DNA probe

Gefitinib AZD9291 (80 mg)




Développement de I'analyse cfDNA pour la
recherche clinique a Gustave Roussy.

e Programme de Médecine personnalisée
Proposition de traitement en fonction du profil moléculaire du patient
Certaines altérations génomiques = cibles thérapeutiques

e Standard = biopsie al'inclusion
> Challenge organisationnel
> Geste invasif, colt, accessibilité variable de la tumeur
> Y, Cas <10-30% cellules tumorales dans la cassette de biopsie: NC

e Labiopsieliquide peut elle étre une alternative a la biopsie de
tissue pour une caractérisation moléculaire ?

Evaluation de la concordance des mutations retrouvees dans le plasma a
celles retrouvées dans la biopsie




GR project (AACR 2015 - CCR 2016)

Circulating cell-free tumor DNA (cfDNA) analysis of 50-genes by next-
generation sequencing (NGS) in the prospective MOSCATO trial

Cécile Jovelet, Ecaterina lleanal, Marie-Cécile Le Deley, Nelly Motté, Silvia Rosellini, Alfredo Romero, Céline Lefebvre,

Marion Pedréro, Noémie Pata-Merci,

Nathalie Droin, Marc Deloger, Christophe Massard, Antoine Hollebecque,

Charles Ferté, Amélie Boichard, Sophie Postel-Vinay, Maud Ngo-Camus, Thierry De Baerel?, Philippe Vielh, Jean-
Yves Scoazec, Gilles Vassal, Alexander Eggermont, Fabrice André, Jean-Charles Soria, Ludovic Lacroix

LUNG

BREAST 46
HN 42
CCR 23
DIGEST 39
UROC 39
GYNECO 24
OTHER 59

(88%)

Fresh tumor biopsy

iBlood
Samples —————

0,5mL plasma

283 pts

Dosage par PCR

B 75 genes

. Screening

2 (+CGHa)
Pathology

control
pat|ents b 50 genes
conscutif [re— e
) — —

Analytic sensitivity ~1%

(quanti de la GAPDH)



Enrolled between
Dec 2011 and Oct 2014

N=669

Screen failure N=66 pts (10%)
-Clinical problem (n=27)
-Biopsy impossible (n=21)
-Consent withdrawal (n=11)
-Other (n=7)

\ 4

Biopsy performed
before Nov. 2014

Biopsy performed after Oct. 2014
N=3

N=600 pts
]
v \ 4

NGS analysis of tumor No NGS analysis of

sample tumor

N= 533 N=67
NGS analysis of tumor

and plasma

N=283

\ ,
|

Circulating cell-free DNA analysis

N=334

» . .A-..A A

No NGS analysis of plasma N= 16
-samples unavailable (n=3)
-samples with a different extraction

procedure (n=13)




Séquencage:

Analyse de plasma de 283 patients MOSCATO collectés le jour de |la biopsie

500uL de plasma

Dosage QPCR (GAPDH) des ADN circulant
Technique: NGS —ion torrent PGM (id. Tumeur)
Panel utilisé: panel CHP2

> 50 oncogenes couverts, 207 amplicons
> Principaux hotspots

. . . ) Panel : lon AmpliSeq™ Cancer Hotspot Panel v2 40 Genes 207 amplicons
Gene RefSeq Exons testés (partiel) Gene RefSeq Exons testés (partiel)
> Val I d atl O n aVeC d es S p I C k d A D N Ctr ABL1 NM_007313.2 437 ATM NM_00005.3 B-9-12-17-26-34436-39-50-54-59-61-63
ALK NM_004304.3 23825 AKT1  NM0051632 386
APC NM_000038.5 16 (partiel) BRAF&15 NM_004333.4 11
CDKN2A NM_00077.4 2 CDH1  NM_0043602 3-89
ICSF1R NM_005211.3 7&22 CTNNB1 NM_001098209.1 3
An al yS e en aveu g I e ERBE2  NM_004448.2 19221 EGFR  NM_0052283  3-7-15-18a21
EZH2 NM_004456.4 16 ERBB4 NM_005235.2 3-4-6-39-15-23
L L2 . FBXW7 NM_0336322 58211 FGFR3  NM_0001424  7-0-14-16-18
> Reéférence: human genome hgl9 FOPRY  NM 0731102 47 FoTa. NMOOI92 11141020
. FGFR2  NM_022070.3 7-0-12 HNF1A  NM_0005455 384
NM } NM ;
> Variant Caller 4.2.1.0 — Galaxy T Shas Tt i
. IDH1 NM_005896.2 4 JAK2 NM_004972.3 14
. IDHZ ~ NM_002168.2 4 JAK3  NM_0002153  4-13-16
> Varlants rete n US " IMLH1 NM_000249.3 12 KRAS NM_033360.2 234
, L MPL  NM_0053732 1 KDR NM 0022531  6-7-11-19-21-26-27-30
e F req uence al Iel | q ue > 1% NOTCH1 NM 017617.3 26-27-34 KIT NM_ 0002222  2-9211-13-15-17-18
. INPM1  NM_0025206 12 MET NM_001127500.1 2 (partiel)-11-14-16-19
PTEN NM_000314.4 1-3-5-6-28 NRAS NM_002524.3 2a4
« Nombre de reads pour le variant> 5 PTPN11  NM_002834.3 3a13 PDGFRA NM_0062064  12-14-15-18
. . ISMAD4 NM_005359.5 3a6-8a12 PIK3CA NM_006218.2 2-5-7-8-10-14-18-21
e Couverture minimale > 50 ISMARCE1 NM_003073.2  2-4-5-9 RB1 NM_0003212  4-6-10-11-14-17-18-20422-
ISRC NM_005417.3 14 RET NM_020975.4 10-11-13-15-16
STK11  NM_000455.4 1-4-6:8 sMo NM_005631.4  3-56-9-11
TP53 NM_000546.4 2-438-10 VHL NM_000551.2 143




Résultats
Dosage

Dosage du cfDNA dans le
plasma:

- Conc (toutes pathologies):
de 0.1 ng/mL & 727 ng/mL.

moyenne : 18 ng/mL

- Différence significative en
fonction des pathologies
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Séquencage et comparaison a la tumeur (calcul par gene)

e TUMEUR tDNA:

367 mutations chez les 283 patients

e Plasma (cfDNA)

204 mutations dont 179 mutations identiques a
celles de la tumeur

Sensibilité : 49,9%
(95%Cl, 44.6 to 55.1%)
Spécificité : 99,8%
(95%Cl, 99.8 t0 99.9%)
VPP 98% / VNP 91%
Global Kappa coefficient : 0,6
(95%CIl, 0.50 to 0.69)

e Pargene

TP53, 47%,
KRAS, 59%,
PIK3CA, 43%,
EGFR, 53%
APC, 46%
PTEN,60%

IDH1
NRAS
VHL

® Tumor + / Plasma +

(0%) ® Tumor + / Plasma -

(25%)
BRAF 5 m Tumor - / Plasma +
Re1 | (75%)
kit [ (80%) (Sensitivity)
erg2 | ] (/5%
FBXW?7 (17%)
AkT1 B 57 _PIK3CA_
E5d5
CTNNB1 (67%) Hioa7 [
STK11 (0%) esaz [l
SMAD4 (60%) ocver 1B
_KRAS |
CDKN2A - (25@"0) G12 _
pTEN || (B4%0) o
L Other -
APC {46%) 0 1 20 320 20

EGER . {(47%)
PIK3CA
KRAS

TP53

0 20 40 60 80
Number of patients with a mutation
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Comparison tDNA and cfDNA at DO

Patient with mutation in tDNA and cfDNA

100% 100,0
90% - 00 Corr.Spear. Rho:(1,27 p=10-4
80% - ‘}; /3\/
s [S]
0% 1 7 S mT-/P+ o
60% - =1
son 7 A Y- BT+/P- q(l:)
40% - BT/P (+/+ou-/) %
30% - <
<
20% - Z
&
10% - T .
0% o . . | ‘ |
Oncogene Tum.Sup.Gene 00 20,0 40,0 60,0 80,0 100,0
tDNA Allele frequency (%)
B tDNA & cfDNA concordant
@ Mut in tDNA only No correlation was observed
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Détail pour les 283 patients:

215 patients avec des mutations détectées dans la tumeur (1 ou plusieurs)

» Toutes ces mutations ont été retrouvées dans le plasma pour 87 patients (32%)
» Une partie des mutations a été retrouvée dans le plasma pour 34 patients (12%)
> Aucune des mutations n’a été retrouvée dans le plasma pour 94 patients (34%)

Sensibhilité estimée est de 55.0% (©@s%cl, 48.4%-61.6%)

58 patients (20%) sans mutation détectée (tumeur & plasma WT)

5 patients (2%) avec mutations détectées dans le plasma mais pas dans la
tumeur —fournis des informations complémentaires / biopsie
e Qq nouvelles mutations => peut fournir des informations complémentaires / biopsie

2\D,

40



Comment expliquer cette faible sensibilité dans le
plasma?

e Quantité d’ADN dans le plasma trop faible (souvent <1000 copies)
0.1 ng/mL a 727 ng/mL.
Utilisation de 500uL de plasma
45 cas avec 2mLde plasma => concordance 49%

e Fréquence allélique faible (< seuil de détection a 1%)
Manque de sensibilité de la méthode?
Vérification de 83 cas en Miseq

e Population trés hétérogene en terme de pathologies.

oo o
A N S R P R A A I M

s e

La concordance entre mutations trouveées dans le plasma et |la tumeur
dépend t’elle de la pathologie ou d’autres criteres?
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Taux de concordance en fonction:

e Du nombre de métastases

e Association avec : %pts mTy/p- WPartiallyT+/ P+ M Fully T+ / P+
* Nb de sites métastatiques Looe
« Conc. Albumine / LDH 80% -
» Conc. cfDNA
* Type de tumeur
* Nombre de ligne de ttt

- RMH score e
0% A
o 1 2 3 3
(NS avec Age/ECOG/Genre) Mumber of metastatic sites :
e De lapathologie P-value =.002
% pts . T+/P- m Partially T+ / P+ m Fully T+ / P+ (univariate analysis)

100%
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40%
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cfDNA and NGS in clinical research context.

Couraud et al. BioCAST/ IFCT-1002 CCRes. 2014

107 patients, 68 comparisons Biopsie vs cfDNA JO Sensitivity : 58%
nEL:\- meowe iR B e RS BB R RN I R IR 2B T3 B3R N RRRRARRSY8E8F ;;:wwr (IC95 43%_71%)
com OB e —— CfDNAmedian i Specificity : 87%
i, Ciare Conc.=>67 ng/mL i (IC95 62%-96%)
BRAF | VG0DE 1) 264
gl “u_ 1 Mosc.Lung
o n OV EEEE  EEEE NSNS EEEEE BN =N N EEN 55% (n=57)
o e o e e e "R T N R N,
Rothe F et al. In breast cancer. Ann Oncol. 2014 o . Mosc.Breast
17 patients (31 plasma) Biopsie vs cfDNA JO Sensitivity : 82% - 74% (n=41)
FreneI_J-S, et al. Phase | . CCRes. 2015 Sensitivity : 59% Mosc.01
39 patients, 55%

Lebofsky R et al. SHIVA-18 types tumoraux . Mol Oncol. 2014

34 patients, covering Biopsie vs cfDNA J1_J494 (consécutifs?) Scnsitivity : 98%

=> Peu de données cliniques pour comparer les cohortes



Création d'un score:
e Pronostiquer la concordance entre mutations trouvées dans la tumeur et

dans le plasma a partir de criteres cliniques : ey
> Taux d’albumine |
> Type de tumeur _ 7 e
> Nombre de métastases
> Nombre de lignes de traitements /r

m T+ ) P- m Partially T+ / P+ M Fully T+ / P+

= 9 10

Declle of the dlagnosttc score

28% 83%

100G T
2209 T
80%
FTO%% T
60%
50%5 1
ao%s
3095 1
209
1026 T

0%

1 2 =

e Sélection des patients pour lesquels la biopsie liquide pourrait étre
intéressante

> Patients avec un sensitivity prediction score = 8? => a valider

o/( 0 2\D, o 4/



Mise en place du test systématique pour les patients inclus dans
MOSCATO avec une biopsie NC (< 10% cellules tumorales):

e Nombre de patients concernés: 113 patients
> 66 patients sans mutation (58%)

> 47 patients avec 68 mutations (42%)
Dont 39 pathogenes

Dont 16 avec des conséquences thérapeutiques (cibles thérapeutiques,
sensibilité a des traitements, résistance...)

Donc apport de I'approche pour la 37% des cas analysés avec une implication
thérapeutique pour 14%.

e Déploiement dans les autres essais de MP (Poumon, Mélanome...)

e Pré-screening pour les inclusions dans des essais ciblés.



Conclusion:

POUR CETTE ETUDE:

e Etude laplus large ace jour en NGS/panel dans le cadre de screening multi-
tumeur,

e Premiere description d’'un score permettant d’identifiant I'apport potentiel de
I’analyse basée sur le cfDNA.

e Resultats globalement concordant entre les différentes études basees sur des
« vraies » cohortes clinigues avec des sensibilités quand méme inférieures aux
études « preuves de concept ».

POUR LA RECHERCHE CLINIQUE :
e Labiopsieliguide peut-elle servir alternative a la biopsie tissulaire, pour I'analyse de panel?
> Peut étre un bon compromis quand la biopsie tissulaire n’est pas analysable,

> Mais pas chez tous les patients: mise en place du Score ( a valider prospectivement) pourrait étre un
argument pour re-biopsier (au suivre a différents temps)

EN CLINIQUE:

e Une seule application recommandée: «recherche de mutation activatrice pour un
traitement TKI en premiere ligne de CBNPC métastatique si le tissu n’est pas
disponible,

» Sensibilité encore perfectible (70%)

¢ Manque de standardisation (préanalytigue — méthode)
» Valeur pour les mutations de résistance ? (T790M)

» Pas de recommandation pour le suivi

o/0 0 AD 3 40



Conclusion




Cadre d’application des tests biologiques

Recherche Transfert/R.Translationnelle Clinique
Objectif Examen a visée recherche Examen a visée recherche, Examen de biologie médicale, acte
perspective d’application clinique médical (CSP L. 6211-1)
Phase Concept, faisabilité Evaluation, Validation Routine

développement

Structure

EPST (INSERM, CNRS,
EA, ...)

*EPST, laboratoires hospitaliers,
sLaboratoires dédiés RT

laboratoires hospitaliers et secteur
privé

Réglementaire

NA

NA

Loi 2013-442 du 30 mai 2013

Assurance Qualité

NA

Non réglementaire : ISO 9001
(CLIA??) — BPL (GLP)

Réglementaire : Accréditation
COFRAC ISO 15189 (EEQ,
métrologie) (CLIA - US)

Méthodes

« In-house »

« In-house » / RUO

* « In-house » accrédité COFRAC
» Equipements, réactifs : marquage
CE-IVD

Financement

*Dotation EPST
* Ressources externes
(caritatif, industriel, ...)

*Ressources externes (caritatif,
industriel, ...)

* MIG non reconductible, PHRC,
PSTIC

*T2A (CNAMTYS)
*MIG reconductible (DGOS)

Personne habilitée
Responsable

*Chercheur, enseignant-
chercheur

*Chercheur, enseignant-chercheur
*Praticien hospitalier

Praticien hospitalier qualifié (DES
Bio Med)

Recherche
Exploration
NGS/RNASeq...

Utilisation Recherche Clinique
Tests ciblés et NGS

Utilisation Clinique validée
Tests ciblés
NGS Constit. (et somatique)




The Evaluation of Genomic Applications in Practice and
Prevention (EGAPP) initiative: methods of the EGAPP
Working Group

Sreven M. Tewtseh, M2 MPH, Linda A. Bradiey .f'.'.'."l._ triean £, Palomaki, 85, )
damey £ Haddow, WY, Marparet Piper, Pl Ned o :_rJ'ul.'_l_'n M MPH W, David Dotsor, iy
Wichaed P, Doslas, MY il Alfed Berp. MY WPH . Chair, on Beiall af the EGAPP Wordine (o

Validité analytique Validité Clinique Utilité Clinique

Mesure fiable et précise Association fiable et Association avec une

d’un biomarqueurs précise du biomarqueurs décision pour |a prise en

avec une situation clinique Ccharge therapeutique basee
sur les résultats d’'un

(valeur Pronostique ou biomargueurs

(performance du test, o
Prédictive)

reproductibilité, répétabilité,
robustesse, control qualité...)
Validé généralement au travers  \/3|idé généralement au travers

d’études rétrospectives ... d’études prospectives ...

d’essais randomisés prospectifs
...ou de méta-analyse d’essais.



Une grosse différence entre le nombre de marqueurs publiés
et le nombre de marqueurs utilisable en clinique

A DROP IN THE OCEAN

Few of the numerous biomarkers so far
discovered have made it to the clinic.

Estimated number of papers documenting
thousands of claimed biomarkers

150,000

Estimated number of biomarkers

routinely used in the clinic
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Witch Algorithm is the good one for daily practice?
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