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Obstacles to precision oncology

« Genomic heterogeneity of tumors
« Emergence of drug resistance
* Insufficient means for monitoring responses

and predict tumor recurrence

Collins FS & Varmus H. N Engl J Med. 2015



Obstacles to precision oncology

« Genomic heterogeneity of tumors
« Emergence of drug resistance
* Insufficient means for monitoring responses

and predict tumor recurrence

‘ Disease monitoring
100 -

Sensitivity

LONGITUDINAL S i
MONITORING OF S 0] e
DISEASE g®] !

DYNAMICS 2

Baseline interim

) DugX > Diugy



One of the Top 10

MIT

D 0 86 8 @& i
NN R @
J\/ﬂ D O 6 6 |

Q8OQ R & ﬂ/ﬂ

Breakthrough
Technologies

2015

Technology
Review

08 B @ &)
8 <(J> Ay %/W

.\\ / /\

e e T

. \J /\/ﬂ/\/\/ﬁf\ D
s /\/\/\/\/\/\ &7 E
\/ /\f\_/\/\/w\\J \/\/ﬁ
i R R YA e
4\ & N /\/\/ﬂj\/ﬂ/h

NN N Y Y Y YO Y T

s
3
]
£ 8 5 3
§iz3 1 3%
E & § 5
= i X i-E 0O
&
K=}
-
13}
35
3
e
- L
£
(8 ] [+]©]

Apple Pay

Brain Organoids

Supercharged Photosynthesis



One of the Top 10
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Liquid biopsy: what is it?

cfNA

Exosomes




Liquid biopsy: what is it?
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Liquid biopsy: what is it for?

Non-invasive access to information through genetics

early diagnosis

correlation with the burden load

minimal residual disease - relapse

emergence of drug resistance



Liquid biopsy: what is it for?

Non-invasive access to information through genetics

early diagnosis

correlation with the burden load

minimal residual disease - relapse

emergence of drug resistance

It represents a summary of all the

different cancer lesions In a patient
“clonal evolution”



Liquid biopsy: what is it for?
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Heterogeneous cooperative populations

| One population
metastasizes

\  Multiple
4 populations
metastasize

Different populations
metastasize to different
secondary locations

It represents a summary of all the

different cancer lesions in a patient
Tabassum & Polliack Nat Rev Cancer 2015 “C|Ona| eVOI ut|0n”



Liquid biopsy: cfDNA 277~
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« small fragments from apoptotic or necrotic cells
* has short half-life

 highly variable level (<0.1% to >50% of total cfDNA)



Liquid biopsy: cfDNA 27~
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« small fragments from apoptotic or necrotic cells
* has short half-life

 highly variable level (<0.1% to >50% of total cfDNA)

.

Technical challenges: sensitivity and dynamic range



Liquid biopsy: cfDNA 277~

Zts

- BEAMing (Beads, Emulsions, Amplification, and Magnetics)

Sensitivity < 0.01%

 Droplet digital PCR (ddPCR) Dynamic range > 10.000

 Targeted-NGS

Conventional gPCR Sensitivity: up to 0.1%



Liquid biopsy: cfDNA 27~
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lack of specificity

Newman AM et al. Nature Medicine. 2013
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« Early diagnosis  Disease monitoring
Population- Patient- |
level analysis level analysis
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Recurrent
mutations

ACCTGIC
ACCTGTC

ACCTGAC
ACCTGAC

Tumor/normal Cell free
genomlc DNA DNA

_
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markers

Mutation : ) Mutation
Qscovery recovery

lack of specificity

Newman AM et al. Nature Medicine. 2013



Molecular Heterogeneit

Lung adenocarcinoma

Coexistent EGFR and TP53 mutations

ATCAA A AC A nTGAAGC'_GGAGGccc
ATCAA A ACA ATGAACGCICIGGAGGT CTCSC
ATCAA A ACA ATGAAGCICIGGAGGO CTCC
ATCAA A AC A ATGAACICIGGAGGCCOC
ATCAAGGAATTAAGAGAAGT CAACA ATGAACKIC|IGGAGGOCCC
ATCAAGGAATTAAGAGAAGC CAATCA ATGAAC|ITIGGAGGC CTCOC
ATCAAGGAATTAAGAGAAGT CAACA ATGAAC|ITIGGAGGCTCC
ATCAAGGAATTAAGAGAAGT CAACA ATGAACITIGGAGGCTCOC
ATCAAGGAATTAAGAGAAGTCAACA ATGAAC|ITIGGAGGCTCOC
ATCAAGGAATTAAMGAGAAGC CAATCA ATGlAG_T_GGAGGGCG
lle Lys Glu Leu Arg Glu Ala Thr Met Asn Arg Arg Pro
EGFR exon 19 TP53 exon 7
B (Glu746_Ala750del; 43%) (Arg248Trp; 45%)
i ; A . G —7"6 'GE'.E; ¥
¥ } L WS [ VA /\. / : Ao ; [,
BRI ) SN TATAVA L T
T 30565 570575 560 585 590 585 600 605610 615620 625 630 635 640645 6501

A) NGS aligned to reference genome by Integrative Genomics Viewer v.2.1 (Broad Institute) software
B) Validation of NGS results by Sanger sequencing

Bria et al., Oncotarget 2015



Response to gefitinib of 17 patients with EGFR

Lung adenocarcinoma

mutant cancers

Patients’ groups according to resistance to Gefitinib and Progression-Free-Survival; 17 evaluable
patients (Log-Rank p<0.0001).

Group Definition Pts (%) Medial;’gof‘ﬁsc(ll)nonths,
Poor Progression at 1% assessment 6 (35.2) 1.7 (0.1-3.2)
Intermediate Progression within 12 months 3(17.7) 6.1 (3.0-9.2)
Good Progression > 12 months or treatment ongoing 8(47.1) 17.3 (9.0-25.5)

Pts: patients; PFS: progression-free-survival; CI: confidence intervals.

Analysed for mutations in 20 genes
(oncomine solid tumors — lifetechnologies)

Bria et al., Oncotarget 2015




Lung adenocarcinoma

Response to gefitinib of 17 patients with EGFR
mutant cancers

Type of Mutation (PMA) *
Patient | Group
EGFR [ TP53 | KRAS | CINNBT | PIK3CA | MET | SMAD4
1 Good L858R (32%)
2 Good p.E746_A750del (31%)
3 Good L858R (56%)
4 Good L858R (86%)
5 Good p.E746_A750del (71%)
6 Good p.E746_A750del (88%)
7 Good p.L747_T751del (64%) S33C (20%) G358E (44%)
) Good p.E746_S752delinsA (28%) S45P (5%)
9 Intermediate p.L747QfsTer16 (23%) R273G (45%)
10 Intermediate p.E746_A750del (94%) R248W (48%)
1 Intermediate p.E745_A750del (30%) R176H (27%)
2| Poor L856R (36%) RZ73L (47%)
13 Poor p.E746_T751delinsIA (11%) G12C (5%)
14 Poor p.E746_AT750del (20%)
15 Poor L858R (43%) G12C (22%) E542K (31%)
16 Poor p.E746_AT750del (31%) R248L (40%)
17 Poor E746_A750del (94%) R175L (37%) N3755 (34%)

* PMA = Proportion of mutated alleles
Bria et al., Oncotarget 2015




Lung cancer: cfDNA

T-NGS

EGFR status in
tissue and matched cfDNA

W
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NGS permits simu
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EGFR status in tissues and matched cfDNA

Cas FFPE tissue cfDNA

e

1 KRAS G12V, KRAS G12V,
TP53 G298* TP53 G298*

9 EGFR 746-750del EGFR 746-750del
KRAS G12C KRAS G12C

3 KRAS G12V, KRAS G12V
TP53 A337C TP53 A337C

4 EGFR 746-750del EGFR 746-750del

5 EGFR 746-750del EGFR 746-750del
TP53 P190L TP53 P190L

taneous analysis of multiple genes

and selection of patient specific gene mutation




Lung cancer: cfDNA e~

~Z
EGFR status in tissues and matched cfDNA
d d P C R Case Stage ALK FFPE (Pyroseq) cfDNA (ddPCR)
1 1l - wit wit
. 2 \Y Rearr wt T790M
| EGFR status in 3 v : " ———
tissue and matched cfDNA 2 m _ C8eeR C356R T790M
5 1l - wit wt
6 \Y - 746-750del 746-750del
7 \Y - 746-750del 746-750del
& :,':af: 8 \Y - 746-750del  |746-750del, TT90M
1 9 v - wt wt
X 10 I - Wt wt
11 Il - 746-750del 746-750del
12 \Y - wt T790M
13 W - wt wt
14 \Y - wt T790M
15 \Y - 746-750del 746-750del




Pancreatic cancer: cfDNA g};”
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. Stage Il resectable

« dPCR detected alterations at diagnosis (specificity 99.9%)
» CctDNA detected recurrence before CT

/

Q

Progression-free

100 1 —— ctDNA detected b . =
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0 10 20 30 40 CT imaging ctDNA
Months

Sausen M et al. Nature Communications. 2015



Pancreatic cancer: cfDNA 2777
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. Stage Il resectable
« dPCR detected alterations at diagnosis (specificity 99.9%)

 ctDNA detected recurrence before CT
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Colorectal cancer: cfDNA Z
=l

Tracking clonal evolution and resistance in the blood

Tumor load
1.0 - -8~ KRAS p.G12V - 120
-~ KRAS p.G13D
-m- CEA B —
i 100 2
3 S
9; -80 2 &
9 0.6 - Q -
g L 60 ; R
g 04+ €3
5 -40 =3
= &
i 20 &
- p——
0 qL#Wm.* : ==& = . 0
Baseline 1stCT 2nd CT 3rd CT Baseline 5th CT 2nd-line PD

scan scan  scan re-challenge scan

Cetux-+Irinotecan No treatment

20- OCT-2009 22- JAN 2010  26-MAR- 2010 25- JUN 2010 4- OCT 2010 13- JAN 2011 24- MAR 2011

lCT scan: PR CTscan: SD CT scan: PD CT scan: SD CT scan: PD
&
NOV-2009 Stop Cetux First Panit administration

First Cetux administration

Siravegna G et al. Nature Medicine. 2015



Liquid biopsy: CTCs %

9.9

 Enumeration as prognostic biomarker: CellSearch
FDA approved (2004) for prostate and breast cancers

« Typically <10 cells/mL of blood from a metastatic patient

 Correlates with tumor burden

200 @
® 0
o ®
Single cells Cell clusters
-

Aceto N et al. Cell. 2014



Liquid biopsy: CTCs 4%,

¢.9
A CTCs enrichment with the CellSearch System

.

CellTracks
Autoprep

CellTracks
Analyzer Il

The number of CTCs is determined

-{
Y % o v

T o U The cartridge i
:};?; ) dm?i) \s unln;?derr; f?nenl-ls

the analyzer

Egarhialonl el bbby

Fernandez et al. Breast Cancer Research 2014
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Liquid biopsy: CTCs &,
s

Metastatic breast cancer
pooled analysis of 17 European Centres

A B
100~ 100~
80 P F S 801
- 2 OS
< 60+ = 604
g 2
- g
2 =
2 40- § 40-
c o
2
§
g 204 _
2 20
° 6] : é I 0 1 I ! ! ! 1
0 12 ! = 0 6 12 18 24 30 36
Number at risk
(TC <5 1014 685 394 211 115 Number at risk fonths
(TC=5 885 439 174 79 35 (TC<51033 896 701 496 333 230 162
CTC=5 911 639 396 237 147 85 53
Patients Events Median progression-free survivalin
months (95% CI) Patients Events Median overall survival in months (95% Cl)
— (TC<5 1014 735 114 (10-6-12-1) — (TC<5 1033 371 37-1(32-8-41.9)
—(CTC=5 885 772 65(59-70) —C=5 911 558 155(13-5-16-8)

Bidard F-C et al. Lancet Oncology 2014



Liquid biopsy: CTCs &

CTCs from patients with SCLC ‘“
are tumorigenic and are representative of the primary SCLC
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Liquid biopsy: CTCs isolation

B
Tl |

B DEPArray isolation of CTC and Genomic Analysis

Analysis and sorting with
W the DEPArray System

| >

b o
£
s
¥ —..i 5
| |

DEP-Array
.. . Cells inside the chip
Silicon Biosystems b

Recovery of single cells
or group of cells

¥ N

mwr

CTCs WBC

Fernandez et al. Breast Cancer Research 2014



Tumor Burden

Pancreatic cancer cellularity

Sampl
e KRAS Cell KRAS
1 G12R (22%) 15% 60%

Vimentin



Resolving FFPE Intratumoral Heterogeneity

Keratin Vimentin Fusion

TUMOR STROMAL EMT

L

Recovery of homogeneous pools of cells



VIMENTIN-AF647

KRAS G12R
TP53 R273H
SMAD4 R361H

VIMENTIN-AF647

1000~

KERATIN-AF488
KERATIN-AF488
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{
J N ) o ,'. KRAS
Gb - TP53

f?"-'-"' ;;." % SMAD4
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Keratin Vimentin KRAS

Epithelial

Ker+ Vim- G12R
EMT

Ker+ Vim+ G12R

Stromal fisia

Ker- Vim+

G12R
R273H
R361H

TP53

SMAD4

R273H R361H

R273H R361H

None

None
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Detection of T790M, the acquired resistance EGFR mutation, by tumor

biopsy versus noninvasive blood-based analyses

Patients enrclled (N = 42)

Withdrew consent (N = 2)

Patients studied (N = 40)

Elood samples collected (M = 37) | Tumors biopsied (N = 38)
Blood draw not performed (N = 3) *Died prior to biopsy (N = 1)
Plasma samples genotyped (N = 32) l NS Sampliig;zzsfg :ﬁ. T:rf Ejl 5) ‘ Biopsies genotyped (N = 30)
Plasma unavailable (N = 5) - Insufficient tumor for sequencing (N =9)

Mon-diagnostic (N = 4)

Sundaresan et al. Clin Cancer Res 2015



Detection of T790M, the acquired resistance EGFR mutation, by tumor

biopsy versus noninvasive blood-based analyses

Study subjects

02 10 12 19 25 22 31 35 29 41 03 08 32 40 20 26 11 36 33 13 18 o
o agreement

Concurrent Biopsy HEEEEEEEE >7 {95”;2 Cl, 34-78)
cTe HEEEN HEEEN 0.137
Study subjects
02 10 12 19 25 35 22 31 17 04 29 08 05 41 03 32 40 11 36 07 15 21 27 13 18 % agreement
. 60 (95% CI, 39-79)
Concurrent Biopsy [ I R R ..--...... Kapa
CDNA EEEEEE HERERN 0.194
Study subjects
02 10 12 19 25 37 42 32 40 22 31 16 35 41 03 11 36 29 30 34 08 13 18 % agreement
65 (95% CI, 43-84)
cTe A EEEEEE Kapa
ctDMNA |... .. .. 0.298
-T!EDM positive
TTS90M negative

Sundaresan et al. Clin Cancer Res 2015



Cancer Caell

RNA-Seq of Tumor-Educated Platelets Enables
Blood-Based Pan-Cancer, Multiclass, and Molecular
Pathway Cancer Diagnostics
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Tumor-educated platelets l

TEP mRNA repertoire

Liquid biopsies

P

Diagnosis of cancer
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Healthy Cancer
Pan-cancer Dx

Multiclass Cancer Dx

Companion diagnostics

¥ N

& &

Mutant Wild-type
Molecular Biomarker Dx




Introduction in Routine Diagnhostics

ACCE criteria

Analytical validity. degree of accuracy with which a test
detects the presence or absence of a mutation

Clinical validity. Are the variants the test is intended to identify
associated with disease?

Clinical utility. clinically useful, or how that risk might be managed

ELSI = ethical, legal, and social issues.



