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Crowley E, Di Nicolantonio F, Loupakis F, Bardelli A. Nat Rev Clin Oncol. 2013



1. Setting up of the liquid biopsy process at
Dijon Hospital



Setting up of the liquid biopsy process at Dijon Hospital

» Global activity of the platform >2000 somatic molecular analyses in solid tumours / year
» Liquid biopsy process set up in 2016

» For metastatic melanoma and lung cancer patients

Number of liquid biopsies performed in 2017

i Melanoma

| Lung Cancer

o : :
Diagnosis: 15

Diagnosis: 72 Follow-up 109
Follow-up 5
Progression: 79
Relapse: 4




Setting up of the liquid biopsy process at Dijon Hospital

The liquid biopsy workflow: The blood sampling

== i\ 9 « Cell-free DNA

< Mocke

or collection tube »

4 i — (Roche®)

K2 EDTA tubes
(BD Vaccutainer®)

Used for local blood sampling Used for external blood sampling

- Cell-Free DNA BCT® (Streck)

- PAXgene® Blood DNA Tube (PreAnalitiX, QIAGEN/BD)

- LBgard® Blood Tubes (Biomatrica)

- cf-DNA/cf-RNA Preservative Tubes (NORGEN Biotek corp.)

» Warton K, Yuwono NL, Cowley MJ, McCabe MJ, So A, Ford CE, Mol Diagn Ther. 2017 - EDTA, Streck and PAXgene tubes
» ZhaoV, LiY, Chen P, Li S, Luo J, Xia H, J Clin Lab Anal. 2018 - EDTA, Roche and Streck tubes



Setting up of the liquid biopsy process at Dijon Hospital

The liquid biopsy workflow: The pre-analytical steps

51 o ollly
B @

g 3 ]-—> U —> -80°C —> +4°C 1 night
o f |
: RT 1 hour
up to 4 hours for K2 EDTA tubes : QD
ST T T T T TS m T m e m e m - m - - ————-—---- - 16 000g
up to 7 days for Cell-free DNA collection tubes 6 min.

cfDNA extraction /

+ Molecular analyses
+ Storage -20°C



Setting up of the liquid biopsy process at Dijon Hospital

The liguid biopsy workflow: The cfDNA extraction method

= Automated Extraction: QIAsymphony, DSP Circulating DNA Kit

4 mL plasma
60 uL elution

= Manual Extraction: Macherey-Nagel, NucleoSnap® DNA plasma

Up to 5 mL
plasma
45 pL elution




Setting up of the liquid biopsy process at Dijon Hospital

The liquid biopsy workflow: The cfDNA quantification/qualification

= Qubit ds DNA high Sensivity
= TapeStation 4200, D1000 High Sensivity
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Setting up of the liquid biopsy process at Dijon Hospital

Conclusion of critical parameters:

» Plasma minimal volume of 4 mL
» Transport time
» Double centrifugation of plasma (even 3 centrifugation)

» Gentle thawing



1. Setting up of the liquid biopsy process at
Dijon Hospital

2. NAICA digital PCR (Stilla Technologies®)



NAICA digital PCR (stilla Technologies®)
Principle and Workflow

The “Sapphire” chip

4
chambers

4

 Oilloading | | Loading Of PCR || feemmoomsmmooomoo oo

|

[
1

Zoom of a Sapphire chamber during repartition of the reaction mix




Principle and Workflow

The Naica dPCR system: 3 instruments

v v v
Air pump Naica Geode: Naica Prism3:
instrument - Droplet generator Fluorescence

- Thermocycler scanner



Principle and Workflow

The “Sapphire” chip: Generation of droplets & Size calibration




NAICA digital PCR (stilla Technologies®)
Demonstration

Visualization:

|
1

1 Rmm
BLUE channel (495-515nm)




1D graphical representation:

NAICA digital PCR (stilla Technologies®)
Demonstration

Total number —=
of droplets:
26 363
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NAICA digital PCR (stilla Technologies®)

Demonstration
Visualization:

GREEN channel (5#30-610nm) RED channel (655-720nm)
|




NAICA digital PCR (stilla Technologies®)

Demonstration
1D graphical representation:
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NAICA digital PCR (stilla Technologies®)
Demonstration

1D graphical representation:

FAM ( BRAF V600 WT )
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Nature of samples influences the fluorescence intensities...
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1. Setting up of the liquid biopsy process at
Dijon Hospital

2. NAICA digital PCR (Stilla Technologies®)

3. Example of applications
3.1 BRAF testing in Melanoma



Molecular test set up for Melanoma
Testing of BRAF V600K/E mutations

Design:
BRAF exon 15
: A
eeccreeeed L FIN
po — 1
Forward primer Reverse probe Reverse primer
location f e . location

Wild-type probe
° ’ Amplicon length:
. 117bp
c.1798_1799delinsAA probe p.(v600K) @ g
5! 3

¢.1799T>A probe p.(V600E) ?_'?’

Adapted from Punnoose et al., Clin Cancer Res, 2012



Molecular test set up for Melanoma
Testing of BRAF V600K/E mutations
Validation:

1. classical PCR optimization
2. gPCR testing: evaluation of the PCR efficiency
3. Digital PCR testing: evaluation of the noise and determination of the limit of detection (LOD)

Analysis of 25 BRAF wild-type cell-free DNAs:

wom] LG ERREE w24 3 V|C positive droplets
_ : { LOD = 6 droplets 4
SDDD—: N K

.., Pk .
L — T T T T T T T 1T T T T T T 1

BLUE channel (495-515nm) GREEN channel (560-610nm)

O

w4 £ 2 Cy5 positive droplets
7] LOD = 6 droplets

2000 +

Calculations:

1. Corrected mean number of wrong positive droplets (u corr.)
2. Limit of blank (LOB)

3. Limit of detection (LOD)
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Example for the MRD checking in a melanoma patient

» Forty-seven year old man diagnosed for an invasive SSM melanoma in 2008

» Detection of the BRAF p.(V600E) mutation in a tissue biopsy at diagnosis

» Treatment: Anti-BRAF (TAFINLAR) during 10 months, then radiotherapy, then immunotherapy
(NIVOLUMAB)

25000 700

cfDNA concentration (cp/mL)
20 000 V600E DNA concentration (cp/mL)

599,1 600

500

15 000

400
300
10 000
200

5000
100

cfDNA concentration (copies/mL plasma)

7.8 523 18,5

0 31 60 91 121 152 182 213 244 274 305 335 366 397 425 456 486 517 547 578 609
Days from the first Liquid Biopsy

V600E DNA concentration (mutated copies/mL plasma)

Immunotherapy (Nivolumab) Anti-BRAF (TAFINLAR) & anti-MEK
(MEKINIST)

Therapy



Example for the MRD checking in a melanoma patient

» Forty-seven year old man diagnosed for an invasive SSM melanoma in 2008

» Detection of the BRAF p.(V600E) mutation in a tissue biopsy at diagnosis

» Treatment: Anti-BRAF (TAFINLAR) during 10 months, then radiotherapy, then immunotherapy
(NIVOLUMAB)

25000 700

cfDNA concentration (cp/mL)
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Treatment response
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(MEKINIST)

Therapy



Example for the MRD checking in a melanoma patient

» Forty-seven year old man diagnosed for an invasive SSM melanoma in 2008

» Detection of the BRAF p.(V600E) mutation in a tissue biopsy at diagnosis

» Treatment: Anti-BRAF (TAFINLAR) during 10 months, then radiotherapy, then immunotherapy
(NIVOLUMAB)

25000 700

cfDNA concentration (cp/mL) oy 600
20 000 V600E DNA concentration (cp/mL) ’
500
15 000 200
Treatment response Progression

|
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Immunotherapy (Nivolumab) Anti-BRAF (TAFINLAR) & anti-MEK
(MEKINIST)

Therapy



Example for the MRD checking in a melanoma patient

» Forty-seven year old man diagnosed for an invasive SSM melanoma in 2008

» Detection of the BRAF p.(V600E) mutation in a tissue biopsy at diagnosis

» Treatment: Anti-BRAF (TAFINLAR) during 10 months, then radiotherapy, then immunotherapy
(NIVOLUMAB)
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Immunotherapy (Nivolumab) Anti-BRAF (TAFINLAR) & anti-MEK
(MEKINIST)

Therapy



Example for the MRD checking in a melanoma patient

» Forty-seven year old man diagnosed for an invasive SSM melanoma in 2008

» Detection of the BRAF p.(V600E) mutation in a tissue biopsy at diagnosis

» Treatment: Anti-BRAF (TAFINLAR) during 10 months, then radiotherapy, then immunotherapy
(NIVOLUMAB)

25000 700 o~

©

3

cfDNA concentration (cp/mL) oy 600 B

20 000 V600E DNA concentration (cp/mL) ’ =

500 E

o

15 000 Treatment ©
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Example for the MRD checking in a melanoma patient

» Forty-seven year old man diagnosed for an invasive SSM melanoma in 2008

» Detection of the BRAF p.(V600E) mutation in a tissue biopsy at diagnosis

» Treatment: Anti-BRAF (TAFINLAR) during 10 months, then radiotherapy, then immunotherapy
(NIVOLUMAB)
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1. Setting up of the liquid biopsy process at
Dijon Hospital

2. NAICA digital PCR (Stilla Technologies®)

3. Example of applications

3.1 BRAF testing in Melanorna
3.2 EGFR testing in NSCLC



Molecular test set up in Lung Cancer
Testing of EGFR deletions of exon 19 + L858R mutation

Design: EGFR exon 21
A

[
et GMNY LEDRRILVHRDLAARNVLVKTPQHV

\
KINTDFGLAKLLGAEEKEYHAESGGK
. A

Forward T Reverse primer
primer location location

€.2573T>G probe (p.(Leu858Arg))

5 3

EGFR exon 19

A
| |
——————— w6 | WIPEFEGEKVIKIPVAIKELREATSPKANKTEI]ILD
TITTITETT TTT  TITII I
T T T
| i\
Fo_rward - 1\ Reference probe S
primer location - _ : ' '

probe location (fwd)

FAM BHQL

5 3
5 3

Adapted from Oxnard et al., Clin Cancer Res, 2014 and Punnoose et al., Clin Cancer Res,

2012



Molecular test set up in Lung Cancer
Testing of EGFR deletions of exon 19 + L858R mutation

1D graphical representation:

Sample: cell-free DNA from patient with EGFR Del19 lung ADK

40 000 — 20 000 —

15 000

FAM
VIC

10 000

5000

— — — T T
0 Saoo 10000 15000 20000 25000 30000 1} 5000 10000 15000 20000 25000

Droplet Index Droplet Index

BLUE channel (495-515nm) GREEN channel (560-610nm)



Molecular test set up in Lung Cancer
Testing of EGFR deletions of exon 19 + L858R mutation

2D qgraphical representation:

Sample: cell-free DNA from patient with EGFR Del19 lung ADK

GREEN channel (560-610nm)

20 000 —

EGFR exon 19

A
[ |

L BN | B E NG E BN vV BN | BEN V EAN | BN E R ATDSIPKIANIKCERD LD

A N~ 0
| M
quward . T Reference probe Reverse
primer location Deletion hot-spot locaticn (rvs) primer location
probe location (fwd)
U 5 3
5 3

TS ~~q
7 e W e o 0 48 FAM+/VIC- droplets
+ A +""‘ ik ’/
.. ‘\_ T e — 5,37 mutated
copies/uL
| —71r - - - T T 1T T T 1 T T 1
13 000 20 000 25 000 30 000 32000 40 000

BLUE channel (495-515nm)




Molecular test set up in Lung Cancer
Testing of EGFR deletions of exon 19 + L858R mutation

2D qgraphical representation:

Sample: Human genomic DNA, EGFR wild-type

20 000 —

GREEN channel (560-610nm)

5 FAM+/VIC- droplets
< to LOB — Negative

T I T T T T I T T T T I T T T T I T T T T I T T T T I
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Molecular test set up in Lung Cancer
Testing of EGFR L858R/L861Q/T790M mutations

Design; EGFR exon 21

A

Forward 1\
primer location

location
¢.2573T>G probe p.Leu858Arg U '
€.2582T>A probe
Wild-type probe (p.Leu858 U
ype p (p- ) ) 7~ (reverse)

T L ] Reverse primer

p.Leu861GIn
EGFR exon 20
, A
——— ST RN N 2 AT O ¢ T I I AT O T I:lltlll..ll‘“il.:lﬂl.ﬂ.l\
Forward T ] 1 Reverse
primer location T primer location

€.2369C>T probe p.Thr790Met U

3

Adapted from Punnoose et al., Clin Cancer Res, 2012



Example for the metastatic cancer progression

evaluation in lung cancer
» 1. Forty-one year old man at diagnosed for a lung metastatic adenocarcinoma in 2014

> 2. Detection of the EGFR p.(Leu858Arg) mutation on a tissue biopsy
> 3. Treated by an anti-EGFR 2" generation (GIOTRIF)

L858 wild-type probe . p.(T790M) probe ] p.(L858R) probe
B0 : T \ 12”””; 1dr0p|et+ ‘:::\; e R -“E
27/02/2017 o ] 6drople£§-;-
. . . § 2o - 8000
First liquid |2 7 ] 5 ]
. e sl o g0
biopsy: . S e i
Mnn-?'hmuw'aﬂ.i.}t-ﬂ'.ﬁ}L il — .“..,:‘ . 100
on Sample  Willd-type control * Sample - Willd-type control ~ Sample ' Willd-type control

08/03/2017: Biopsy from a vertebral metastasis: EGFR L858 & T790 wild type
but very little tissue sample...

L858 wild-type probe [ p.(T790M) probe [ p.(L858R) probe [
smq . : ‘ A .r- . oy . ‘
. s _ :
104 droplets + om]
Mg o : . o
< gom) o IIF 1s51droplets +
0004 ° to. . L
1500 . ' '
(Rt ik L . t_-'. "f:{ £ i SRR RS 1000+
Sample Willd-type control Sample ~ Willd-type gont'rol




1. Setting up of the liquid biopsy process at
Dijon Hospital

2. NAICA digital PCR (Stilla Technologies®)

3. Example of applications

3.1 BRAF testing in Melanorna
3.2 EGFR testing in NSCLC

4. Conclusions



Conclusion

p= Diagnostic » BRAF V600K/E dPCR » NGS
Melanoma
’ Follow-up » BRAF V600K/E dPCR
: : EGFR del. exon 19 +
Diagnostic L858R dPCR » NGS
NSCLC : EGFR
L858R/L861Q
/T790M dPCR
‘ or MET/RPP30
Progression ’ » dPCR

EGFR del. exon 19 +
T790M dPCR



Conclusion

NAICA Digital PCR:

» Fast workflow — possibility to give results in less than 1 day (from blood sampling

to dPCR)
 Possibility to multiplex (3 fluorescence channels) — adapted to Diagnhosis

* Very sensitive and reliable system — adapted to Follow-up
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