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For what use is a Digital PCR ??

Aplicaci6 de técniques ultrasensibles per la millora de sel.lecci6 de pacients amb mCRC a terapies anti-EGFR Farmacia Maig 2016




PCR Digital
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Concepte de PCR Digital
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a) Conventional PCR b} Digital PCR
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The principle of digital PCR

a) Conventional PCR: The sample
contains a heterogeneous mixture
of DNA molecules where the target
molecule (e.g. DNA mutation) is
present at very low levels relative to
a large background of normal DNA.
Therefore, an average signal is
acquired.

b) Digital PCR: The sample is split into
many  fractions by  dilution
(approximately 1 copy of DNA or
less per fraction) prior to PCR,
thereby, enriching minority targets
within individual reactions

Split sample
by dilution
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Technologies for molecular analysis

0%

Sensitivity
Next generation sequencig 2%
Quantitative PCR 1%
BEAMing, TamSeq 0.01-0.02%
Droplet digital PCR 0.005%
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Metodes PCR Digital

0%

BEAMing Sysmex Inostics Droplet Digital™ PCR (ddPCR™)
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Plataforma BIOMARK
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Nanofluidic Arrays
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Open Nanoflex Valve

Control Line

[y

Fluid Line
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Closed Nanoflex Valve

Control Line

Fluid Line
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PCR Digital

1 Sample + Assay
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770 lIs: rtPCR in each nanowell
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PCR Digital

1 Sample + Assay
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Ultra-sample partitioning

770 lIs: rtPCR in each nanowell
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Precision medicine in oncology

of Tumor Sample
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Tumor genotyping

Tumor tissue is the sample of primary interest for genomic
analyses. However, some issues:

» Sample quality

» Sample accessibility

» Safety (e.g. Lung)

 Availability (e.g. prostate tissue)

 Painful / invasive procedures (e.g. Bone metastases in prostate cancer)
» Not always feasible to re-biopsy patients to monitor tumor status

 Archival biopsy may not reflect current status of tumor
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Cancer Colorectal

| | Lung Breast

| | Colorectal Colorrectal
Prostate Stomach
Stomach Lung
Bladder Pancreas
Pancreas Uterus

El cancer colorectal és un problema sanitari important
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Factors de Risc CCR

Familial Adenomatous Polyposis

Hereditary Non Poliposis Colon Cancer

Family history of Colo Rectal Carcinoma

Previous CA: Colorectal, Ovarian, Endometrial, Breast
Age >50

Inflammatory Bowel Disease (UC > CD)

Poor Diet (increased fat, red meat, decreased fibre)

Smoking
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Carcinogenesi colorectal

Spread to other organs

% Diagnosis
40% 60%
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Molecular understanding of CRC

Normal epithelium Hyperproliferative epithelium Small Large Carcinoma

Adenoma Adenoma

|

COX2
overexpression

Loss 18q

Stepwise accumulation of genetic and epigenetic events leading to
adenoma and carcinoma
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KRAS location

12g24.12

12024 21—
120242

12024.32-5

Chromosome 12
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TagMan probes design

EXON 2 KRAS

GCCTGCTGAAAATGACTGAATATAAACTTGTGGTAGTTGGAGCTGGTGGCGTAGGCAAGAGT
GCCTTGACGATACAGCTAATTCAGAATCATTTTGTGGACGAATATGATCCAACAATAGAG
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TagMan probes design

EXON 2 KRAS

GCCTGCTGAAAATGACTGAATATAAACTTGTGGTAGTTGGAGGTAGGCAAGAGT
GCCTTGACGATACAGCTAATTCAGAATCATTTTGTGGACGAATATGATCZAACAATAGAG
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TagMan probes design

EXON 2 KRAS

GCCTGCTGAAAATGACTGAATATAAACTTGTGGTAGTTGGAGCTGGTGGCGTAGGCAAGAG
TGCCTTGACGATACAGCTAATTCAGAATCATTTTGTGGACGAATATGATCCAACAATAGAG

WT  aprele/Nefoy GGCGTA L TTGGAGCT GGCGTA LA TTGGAGCT GGCGTA
MUT faprelerNcioay GGCGTA MUT maprelerXciony GGCGTA LS TTGGAGCT GGCGTA

Gl2C Glav G12D

(Ul TTGGAGCT GGCGTA L2 TTGGAGCT GGCGTA 2@ TTGGAGCT GGCGTA
YOl TTGGAGCT GGCGTA Vil TAGTTGGAGCT GGCGTA YOl TTGGAGCT GGCGTA

G12A G128 G12R
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Cell lines with known mutations in KRAS

Wild type: GGT CONTROL NP18

mutation:

mutation:

mutation:

mutation

mutation:

mutation:

change GGT to TGT (Gly to Cys (G12C)) CONTROL MIA PaCa-2
change GGT to GTT (Gly to Val (G12V)): CONTROL SW480

change GGT to GAT (Gly to Asp (G12D)): CONTROL NP9

: change GGT to GCT (Gly to Ala (G12A)): CONTROL SW1116

change GGT to CGT (Gly to Arg (G12R)): CONTROL CAL62

change GGT to AGT (Gly to Ser (G12S)): CONTROL A549
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Reconstitution experiment

mut wt

1 50% 50%
2 25% 75%
3 10% 90%
4 5% 95%
5 1% 99%
6 0.5% 95.5%
7 0.1% 99.9%
8 0.05% 99.95%
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Analytical sensitivity of conventional real-time PCR analysis (G12C) o
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Analytical sensitivity of nanofluidic dPCR for the detection of G12V and G12D KRAS mutations

wild type

L

R

ool Aot mutate 8 alleies
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Pacients

0%

)\

Pancreatic Carcinoma (N=46)
Chronic Pancreatitis (N=6)

Controls (N=5)
Adenomes (N=17)

Carcinomes (N=27)
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KRAS mutation detection using the nanofluidic digital PCR array vs conventional
real-time PCR in colonic (A) and pancreatic (B) disease
A B
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Correlation in KRAS mutation detection using the nanofluidic digital PCR array vs
conventional real-time PCR in colonic (A) and pancreatic (B) disease

A B
Colanic Disease Pancreatic Disease
Digital PCR Hanofluidic Digital PCR
Humbaer of mutatiens 0 1 2 3 Humber of mutations L 1 2 3 4 L] 11
0 1" 4 0 0 & 0 n 3 3 2 u 2 o
9
1 0 2 4 0 £ 1 1 [ 4 1 0 4 0
3
Z 0 o L] 1 = 2 0 1 0 1 3 2 o
k|
LE 3 0 0 0 L] 1 4 1
E_ 4 o 1 0 ] [ o o
4 patients reclassified as MUT 10 patients reclassified as MUT
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Multiple mutations and quantification
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Quantification of KRAS mutations using nanofluidic Digital PCR array o
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o
Correlation of KRAS mutational status between pancreatic juice and tumor tissue samples ¢
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Digital PCR provides a robust, quantitative measure of the proportion of KRAS
mutant alleles in routinely obtained samples. It also allows a better classification
of tumors, with potential clinical relevance

Clinical Chemistry 58:9 Molecular Diagnostics and Genetics
1332-1341 (2012)

Nanofluidic Digital PCR for KRAS Mutation Detection and
Quantification in Gastrointestinal Cancer

Daniel Azuara,'" Mireia M. Ginesta,'* Mireia Gausachs,' Francisco Rodriguez-Moranta,” Joan Fabregat,?
Juli Busquets,® Nuria Pelaez,” Jaume Boadas,® Sara Galter,* Victor Moreno,” Jose Costa,® Javier de Oca,”
and Gabriel Capella’™
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How to apply this knowledge to a clinical benefit?

Concomitant detection of mutations in downstream signalling
molecules of the EGFR pathway (KRAS, BRAF, PIK3CA and
NRAS) has been suggested to improve the selection of
candidate metastatic colorectal cancer (MCRC) patients that will
respond to anti-EGFR therapy
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Anti-EGFR Therapy

0%
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Mutations in KRAS and NRAS used in daily clinical practice

0%

response to

< .ﬂi\.ﬂ'. treatment
Ml L
L no response to

treatment

KRAS
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Mutations in KRAS and NRAS used in daily clinical practice

0%

. response to
< ﬂi\.ﬂ'. treatment
< n

no response to
treatment

KRAS W EXON 3 EXON 4 |
12 3 | H | | 146

1. 59 ' 61 117
40% 4% 6%
NRAS | EXON 2 | | EXON 3 | | EXON 4 |
12 13 59“61 117 146
3% 4% 1%
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Mutations in KRAS and NRAS used in daily clinical practice %
S g ald,
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[ Sensitivity ~ 5% ]
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LightCycler genotyping

0%

Endpoint Fluorescence Scatter Plot
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Common mutations detected by Cobas® Mutation Test and LightMix® Kit o
cobas® Mutation Test CODONS MUTATIONS
12,13,61 G12A, G120, G125, G12V, G12R, G12C, G13D
Q61L,061P, 061E, Q61R, 061K, Q61H
600 (exon 15) VBOOE
exon 1 R83Q
exon 4 MN345K
exon 7 CA20R
exon 9 E542K, ES45A, 5450, E545G, ES45K, (546K, 546K, (15461, Q546R
exon 20 M10431, H1047L, H1047R, H1047Y, G1049R
LightMix® Kit
12,13 G124, G120, G12S, G12V, G12R, G12C, G12N, G12P, G12Y
NRAS 12-13, 59-61, 117 146 G135, G13R, G13C, G13N, G13Y, G13D, G13A, G13V
59,60,61 AS9T, AS9D, GROR, GBOE, OB1K, O61E, QB1R, O61L, OB1P, O61H
117 K117N
146 Al46T
KRAS 117, 146 117 K117E, K117/N, K11/N
146 Al46T, Al46F, Al466, AT4EV
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Common mutations detected by Therascreen Pyro and Therascreen

THERASCREEN PYRO KIT CODONS MUTATIONS
KRAS 12,13, 61 G124, G12D, G125, G12V, G12R, 612, 613D
e | Q611,061P, Q61E, Q1R, QB1K, QB1H
NRAS 12,13, 61 G12D, G125, G12C, G12V, G12A, G12R

G13D, G13R, G13V, G13C, G13A, G135
Q61L,061P, Q61E, Q61R, Q61K, Q61H
| rasextension |
KRAS 59, 117, 146 T581, TS8T, TH8T, AS9T, A59S, AS9G, ASSE, ASAL, AS9A, AS9A, AS9A
K117E, K117N, C1185,
A146T, ATA6P, A146V, A146G, ATABA, A146A, A146A, K147N
MRAS 59, 117, 146 T58A, TS8P, T585, T58I, T58T, AST, AS9P, A59G, AS9D, A5V, AS9A
K117M
A146T, A146P, A1465, A146V, A146G
VB00E, V600G, V6004, VE00M, VE00EC, V600D, VEOOK, VE00R

BRAF 600 (exon 15) GABYE, GARYA, GARIV, GARSS
464-469 (exon 11) G466E, G466V
G464E, G464V

exon 20 H1047R
Not Available by PYRO exon 9 ES42K, E5450, E545K
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ICORAS Panel — LightCycler and Fluidigm %
EXON | CODON | CHANGE PROT EXON | CODON | CHANGE PROT
2 12 38G=C G12A BRAF 18 &00 1799T=A | VGOOE
34G=T G12C 20 1043 3128G=T M10431
35G=A G120
34G>C G12R PIKICA 1047 3140A>G | H104TR
4G4 G128 31404>T H1047L
35G>T Gl12v 3138C>T | H1047Y
2 12 38 G>C G12A
2 13 38G=A G130 3M4GT G12c
35 G=T G12v
KRAS 3 58 173 C>T T88I 35 G=A G120
59 176 C>G ASSG
175 G=A ASQT NRAS 13 337G C G13R
81 183A=C QB1H
162 A>T Qe1L 3 59 175 G=A ASET
182A>G QE1R
181 C=A QB1K 81 181C=A QB1K
4 17 381 A=C K117N 1824>G Q8iR
I/1A=T | KITN 183 A=T Q&1H
148 438G=A A146T 182 A=T QB1L
437 C=T Al4BV
436 G=C A146P 4 117 351 A=C K117N
436G=A A146T
=
38 mutations (RAS+BRAF+PI3KCA) WY || S [
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Nanofluidic Digital PCR: The Biomark platform o

Clinical Cheméstry 64 Molecular Disgnosties and Genatics
VA1 M1 (2012)

Nanofluidic Digital PCR for KRAS Mutation Detection and
Quantification in Gastrointestinal Cancer

Daniel Azuara,' Mireia M. Ginesta, " M ha," Francisco Rodrig (L] ¥ Joan Fabregat,”
Juli Busguets,” Nuria Pelsez.” lsumne Boadas,” Sara Galter,* Victor Morena,” Jose Costa,” lavier de Oca,”
and Gabriel Capelld"”

wild type mutated (G12V)

10% §

1%
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Qo
Predictive value of mutations in low frequency detected by (o)
ultrasensitive techniques

Which is the clinical significance of low fraction of mutant
alleles detected with highly sensitive techniques?

These very low mutant alleles confer resistance to anti-
EGFR treatment?

What is the optimal threshold with clinical significance?

Aplicaci6 de técniques ultrasensibles per la millora de sel.lecci6 de pacients amb mCRC a terapies anti-EGFR Farmacia Maig 2016

23



AlM r

To evaluate if the added value of extended RAS
pathway genotyping using a highly sensitive
nanofluidic digital PCR may improve the prediction

of response to anti-EGFR therapy in mCRC
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. Q
Patients and Methods o
(=]
o LE‘OWM-" | Beilvitge

102 FFPE metastatic Colorectal Cancer (MCRC) patients treated with anti-
EGFR therapy both as monotherapy and in combination with chemotherapy

Conventional gPCR LightCycler - - e o
(Sensitivity 1-10%) Fluidigm Digital PCR (Sensitivity 0.1%)
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)
Hot-spots o
EXON | CODON | CHANGE PROT EXON | CODON | CHANGE PROT
2 12 35G=C G12A BRAF 15 &00 1798T=A WVEODE
34G=T G12C 20 1043 3129G=-T M10431
35G=A G120
34G>C G12R PIKICA 1047 3140A>G | H104TR
34G=4 G128 3140A=T H1047L
3A5G>T G12v 3138C>T | H1047Y
2 12 I5G=C G12A
2 13 3BG=A G13D 34G=T G12C
35 G=T G12v
KRAS 3 58 173 C-T T581 35 G=A G120
59 176 C=G AS9G
175 G=A ASAT MNRAS 13 37 GC G13R
81 183A=C QB61H
162 A=T Q&1L 3 58 175 G=A ABET
182 A>G QE1R
181 C=A QB1K 81 181C=A QE1K
4 117 351 A=C K117N 182A>G Q81R
351 A=T K117N 183 A>T Q61H
148 438G=A AT4B8T 182 A=T Qs1L
437 C=T A14BV
438 G=C A146P 4 17 351 A=C K117N
436G=A A48T
=
38 mutations (RAS+BRAF+PI3KCA) WY || S [
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Example of analysis - patient mutation status %
conventional gPCR highly-sensitive digital PCR
Patient | Response mutation status i in clone |% minar clones % mutation
HB S PO KRAS €.35GA (p.6G120] 745 PIIXCA €3180AG (B 0.22
Hi 10 D 1 } NRAS C.18245G (p. 47.05 KRAS ¢ 33G>A (P 511
B 16 50 NRAS CATEGA (pALIET] NRAS £ATEGA (p.ALIET] 9.9
HB 20 D KRAS ¢ 436GA (o ALMT) XAAS 436G A (p AL4AT) 15.99
HE 24 S0 KRAS €. 35G>T Ip.‘)l}\l’l. KRAS €.35GT |P:L|\ 12 H.S
HE 16 50 KRAS ¢.3565T (p.GL2V) KRAS ©.35G>T (p.GLIV 1893 NRAS ¢ 3567 (0.G120) 0.64
W8 38 ) KRAS €.35G># (9.G120] KRAS €.35G>A {9.G120] 0.7
HvHL ) BRAF C1799T>A [p.VE0OL) BRAF ¢ 1799754 (0. VE00E] 57.07 KRAS ¢ 3564 [.6120] 081
HH3 NE NRAS €.3567A (2.GL2D) NRAS £.356%A (p.G12D) 13.73 MRS SR it
PIIKCA € 3139C3T {p HI0ATY) 3.02
RS e NRAS ©A36GA [p ALAET) NRAS ©A36G4A [p ALET] 272 -
VG P BRAF £.1799T>A (p.V6C0E) BRAF C.1799T2A [p.VECGE) 55.09
HvHS ) 5 NRAS € 101C7A (p.081K) 6664
HyH13 PD KRAS ¢ 34G6>T [p.G12C) 3
HVHLE PO [ BRAF €.1795T>4 (p.VEOOE] 52.59
A3 i ¥RAS 173C5T (p.7581) KRAS 1T3CT (p.T581 215 454G (p.OS1R) 0.3
HMLL o KRAS €.35G°T [p.GL2V) KRAS ¢.35G3T [p.G1. 3584 KRAS 17307 {2.7581) 01
HM1Z %5 BRAF ¢ 17T99T5A [p.VE0OE) BRAF ¢ 1799T5A [p.V60OE) BT
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Summary of total mutations detected

wild-type
mutations detected by gPCR and dPCR

. mutations detected only by dPCR
% of mutated alleles

ranged 2.1% to 66.6%

23/102 (23%)

53/102 (52%)

% of mutated alleles
ranged 0.04% to 10.8%
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Response to anti-EGFR according to fraction of mutant alleles
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ROC curves to evaluate the best threshold to predict response

we calculated ROC curves, comparing them by bootstrap using the R library pPROC

AUC cutoff 0% 0.5% 1% 1.5% 2%
0.6569 0% 1 0,68 0,29 0,041 0,023
0.6491 0.5% 1 0,3 0,031 0,016
KRAS (exon 2) 0.6303 1% 1 0,07 0,03
0.5859 1.5% 1 0,29
0.5734 2% 1
0.6597 0% 1 0,83 0,59 0,09 0,051
RAS 0.6564 0.5% 1 0,604 0,074 0,04
(KRAS exons 2/3/4 + 0.6479 1% 1 0,073 0,038
NRAS exons 2/3/4) 0.6081 1.5% 1 0,3
0.597 2% 1
0.7389 0% 1 0,617 0,666 0,15 0,08
0.7317 0.5% 1 0,96 0,17 0,096
RAS+BRAF 0.7312 1% 1 0,112 0,05
0.7013 1.5% 1 0,31
0.6902 2% 1
0.7389 0% 1 0,62 0,67 0,14 0,079
0.7317 0.5% 1 0,96 0,18 0,09
RAS+BRAF+PIK3CA 0.7312 1% 1 0,124 0,06
0.7013 1.5% 1 0,31
0.6902 2% 1

de pacients amb mCRC a terapies anti Farmacia Maig

Progression Free Survival

and Overall Survival after anti-EGFR treatment

mutaned il d eyee (min)

PPS, months
medinn fmutiet)

KRAS (exon 2) HR [95%C1) Pvalue

PES. months

RAS medinn
(KRAS exons /34 + HR [95%C1) B
NRAS excns 2/3/8)

RAS + BRAF

Hit (95%C1) Pmiue

ques ultrasensibles per la millor

eonventional gPCi high-sensitive digital PCR high-sensithve digital PCR
rpualitative detection [yesfno) out-off 1% qualitative detection {yes/no)

85/151
184 (0.06-3.52) 0.0
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Improvement in response prediction by assessing mutation status of each gene O

MCAC patients treated with anti-EGFR (n=102)
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Conclusion

Analysis of an extended gene panel including RAS and BRAF with
highly sensitive nanofluidic dPCR and a threshold of 1% improved
the prediction of response to anti-EGFR therapy

Validation in large studies are needed to define the optimal cut-off

for the clinical setting

Published OnlineFirst April 1, 2016; DOI: 10.1158/1535-T163. MCT-15-0820
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Ultraselection of mCRC patients for anti-EGFR therapy ®

PLATFORM project

TTD participating Laboratori de Recerca Translacional
Hospitals AP Hospital Universitari Bellvitge

600 mCRC KRAS exon 2,3,4

samples Central DNA mutational NRAS exon 2,3,4
extraction analysis PIK3CA exon 20

Al BRAF exon 15
Clinical data

Cobas 4800 (ROCHE)
Cobas Kits

PyroMark (QIAGEN) BioMark
TherascreenPyro Kits Digital PCR Arrays (Fluidigm)
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0%

Specimen Selection: How representative is a tissue biopsy?

A Blopsy Sites

Q Lng O
o O Fetiitaies o

Pernephric

B Regronal Distribution of Mutations
Ubiguiteus

kbl

;i 233!2325§é

Gerlinger M et al. N Engl J Med 2012;366:883-892
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A Big Bang model of colorectal tumor growth

@ Copy number
@ Mutation
O FISH

samples © Methylation

Left ' Right

Sottoriva A et al. Nature Genetics 47, 209-216 (2015)
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Molecular heterogeneity drives secondary resistance to anti-EGFR o
therapies in mCRC

Molecular heterogeneity drives secondary resistance to anti-EGFR therapies

Partial response Progression

2 008®

Sensitive Resistant
tumor cell tumor cells

Sandra Misale et al. Cancer Discovery 2014;4:1269-1280
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How to capture the heterogeneity of
(metastatic) disease and measure
clinically relevant biomarkers?
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Liquid Biopsies

TUMOR GENOTYPING
prognostic and predictive biomarkers

SURGERY & MINIMAL RESIDUAL
DISEASE
detection of ctDNA in the circulation

TREATMENT & FOLLOW UP
analysis of ctDNA for real time monitoring
of response to treatment

RESISTANCE
emergence of molecular alterations
associated with drug resistance in ctDNA
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Crowley, E. et al. Nat Rev Clin Oncol (2013)
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Cell-free circulating tumor DNA levels in different cancer types %

Frequency of cases with detectable ctDNA (%)

0=

S P AN PP E PSS PSS DS
o@\s"@@@’é’e’\i‘g@’@@&e@ ‘:@g@\s’
f j‘ j‘?

Bettegowda C et al. Sci Transl Med 2014 Feb 19;6(224)
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“Under pressure” clonal selection vs evolution

0%

Blood biopsy
Metastatic tumour

Progressive di

(by imaging)

o Tumour

o | 1) 4 8 12 | { \ 16 20 24
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Different therapy
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g a | e 1 = |
' KRAS-mutant ctDNA ! ! ! !
| | : ! Other mutant ctDNA !
} f | f i |
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Weeks of treatment

Vilar E & Tabernero J, Nature 2012
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ctDNA analysis is limited by the presence of non tumoral cfDNA %

Sensitivity
NGS Wide approach
0 —
Ultra-deep 2% (exome, gene panels)
Digital PCR <0.01% Candidate approach

based techniques (one target at a time)

Aplicaci6 de técniques ultrasensibles per la millora de sel.leccié de pacients amb mCRC a terapies anti-EGFR Farmacia Maig 2016

CONCORDANCE project VHIO-ICO

0%

BEAMing technology v Fludigm technology

Beads / Emulsification /
Amplification / Magnetics

muestra y sondas
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