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Biobanks help in the fight against
deadly diseases such as cancer

From the identification of markers to clinical application

Clinical Experimental ldentification Selected Validated Clinical
Problem Design of molecules Markers Markers I Application

Basic Research Translational Research J Applied Research

Marker Discovery Clinical Validation  Pre-application Validation




Understand Biological Precision

OBJECTIVE

MATERIALS e N— METODS




High Quality, Ethically-Collected Specimens
are Critical .< agrch Tools
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Whole Genome Sequencing

? Sequencmg Evolution/Revolution

1990: thousand bases/day i u

2000 million bases/day

2010: billion bases/day
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Next-Gen sequencing

A. lon Torrent

Emulsion PCR
One DNA molecule per bead, Clanal amplification to thousands of coples aceurs in micraresctors in an emulsion

PCR Break Template
ampllification emulsion dissaciation

Primet, template,
dNTPs and polymerase

B. lllumina

Solid-phase amplification
One DNA molecule per cluster

e 40 millign clusters per
. . . »

grawth L

Sample preparation o ®

DINA'[5 pg)

Template
dNTPs
and :

polymerase

Bricge amplification

Metzker, Nat Rev Genetics (2010 Jan; 11)



High Quality, Ethically-Collected Specimens
are Critical Research Tools

CANADA

* Pancreatic cancer
(Ductal adenocarcinoma)

® Pediatric brain tumors
(Medulloblastoma)

® Prostate cancer

(Adenocarcinoma)

UNITED STATES

¢ Bladder cancer
® Blood cancer

Acute myeloid leukemia)

® Brain cancer
(Glioblastoma multiforme/
Lower grade glioma)

® Breast cancer
(Ductal & lobular)

e Cervical cancer
(Squamous)

e Colorectal cancer
(Adenocarcinoma)

* Endometrial cancer
(Uterine corpus endometrial
carcinoma)

® Gastric cancer
(Adenocarcinoma)

¢ Head and neck cancer
(Squamous cell carcinoma/
Thyroid carcinoma)

e Liver cancer
(Hepatocellular carcinoma)

® Lung cancer
(Adenocarcinoma/
Squamous cell carcinoma)

e Ovarian cancer
(Serous cystadenocarcinoma)

® Pancreatic cancer
(Adenocarcinoma)

* Prostate cancer
(Adenocarcinoma)

® Renal cancer
(Renal clear cell carcinoma/
Renal papillary carcinoma)

e Skin cancer
(Cutaneous melanoma)

(Acute lymphoblastic leukemia/

EU/UNITED
KINGDOM

® Breast cancer
(ER positive,
HER2 negative)

UNITED
KINGDOM

* Bone cancer
(Osteosarcoma/
chondrosarcoma/
rare subtypes)

® Breast cancer
(Triple negative/lobular/
other)

* Chronic Myeloid Disorders
(Myelodysplastic syndromes,
myeloproliferative neoplasms
and other chronic myeloid
malignancies)

® Esophageal cancer
(Esophageal adenocarcinoma)

® Prostate cancer

MEXICO

Blood cancer

(Diffuse large B-cell
lymphoma)

Breast cancer

(Ductal carcinoma)
Cervical cancer

Head and neck cancer

e Chronic lymphocytic
leukemia
(CLL with mutated and
unmutated IgVH)

GERMANY

® Lung cancer
(Multiple rare subtypes)
® Malignant lymphoma
(Germinal center B-cell

— derived lymphomas)

® Pediatric brain tumors
(Medulloblastoma and
Pediatric pilocytic
astrocytoma)

® Prostate cancer
(Early onset)

SAUDI ARABIA

* Thyroid cancer
(Papillary carcinoma)

CHINA

Bladder cancer

(Urothelial carcinoma)
Blood cancer

(Acute myeloid leukaemia
and Chronic myelogenous
leukaemia)

Liver cancer

HBV-associated)
Lung cancer

ITALY

* Rare pancreatic tumors
(Enteropancreatic endocrine
tumors and rare pancreatic

exocrine tumors)

(Nasopharyngeal
Asia)

Ovarian cancer
Pancreatic cancer

Brain cancer
(Glioblastoma multiforme)
Breast cancer

(Triple negative)
Colorectal cancer
(Adenocarcinoma,
non-Western)

Prostate cancer
Renal cancer

FRANCE

Breast cancer

(Subtype defined by an
amplification of the

HER2 gene)

Ewing sarcoma

Liver cancer
(Hepatocellular carcinoma)
(Secondary to alcohol

and adiposity)

Prostate cancer

* Esophageal cancer
(Squamous carcinoma)

® Gastric cancer
(Intestinal- and diffuse-type)

Thyroid cancer

(Hepatocellular carcinoma,

(Squamous cell carcinoma)

Nasopharyngeal cancer

(Ductal adenocarcinoma)

(Clear cell renal cell carcinoma)

(Papillary carcinoma)

carcinoma,

JAPAN

e Liver cancer
(Hepatocellular carcinoma)
(Virus-associated)

—

SINGAPORE

o Biliary tract cancer
(Gall bladder cancer/

SOUTH KOREA

Blood cancer

(Acute myeloid leukaemia)
Breast cancer

(Asian phenotype)

Lung cancer
(Adenocarcinoma/
Squamous cell carcinoma)

Cholangiocarcinoma)

A

(Adenocarcinoma)

(Squamous cell carcinoma
of oral cavity/oropharynx/
sinonasal cavity/
hypopharynx/larynx)
Pediatric solid tumors

BRAZIL

e Skin cancer
(Melanoma)

EU / FRANCE

Renal cancer

INDIA

® Oral cancer
(Gingivobuccal)

(Renal cell carcinoma)
(Focus on but not limited
to clear cell subtype)

Grey = Collaboration

e Ovarian cancer
(Serous cystadenocarcinoma)
 Pancreatic cancer
(Ductal adenocarcinoma/
Neuroendocrine tumors)
® Prostate cancer




High Quality, Ethically-Collected Specimens
are Critical Research Tools

* 500 tumor/
Collect normal
Il - 50 different

S major cancer
types

Syl « genome

ggﬁgﬁe e transcriptome

EHESEY « methylome

Make Research
data community
available . pub“c




High Quality, Ethically-Collected
Specimens are Critical Research Tools

o

Datasets

Quality
Measures

A
4
A
4

Data
Releases

Technologies

Major issues addressed in ICGC consortium



High Quality, Ethically-Collected Specimens
are Critical Research Tools

PANCREATIC CANCER —
PATIENT IDENTIFICATION 1;274 CHECKPOINT ‘ A 2 Q SEQUENCING
’,,./.".T{;%’;{i » L_/ xt'
\ - ___” = _f_x§; Sample assessment for ICGC
Standard operating 1. Diagnosis (PDAC) - verification
procedures (SOP): 2. Representative sample and images
-Sample collection 3. Clinical annotation adequacy

- Patient data acquisition 4, Nucleic acid quality and quantity



How do we define
QUALITY?

A boy asks his father:
“Dad, a ferrari is a red car with a horse?”
“Yes, son why?”

“Baecause i think i just saw one”









ISBER Best Practices for Repositories

SRS Aa) B BEST PRACTICES

W0, Shattnd . 30D

2012 Best Practices for Repositories

Collection, Storage, Retrieval, and Distribution of
Biological Materials for Research

International Society for Biological and
Environmental Repositories

Third Edition
£3ISBER

Thwese st Practsces ame s poriodicolly s mew sl b bt
ieppecvind mpepduaiiun dnd search Mniligs hel woulkd st mposiiny Wik
The wemiley s sy b cheh e ISHER wole il (wwsr mllaeriang ) % ernsery Bhal
b il Foownil vy s availabily bop e

et widly pormassain ftvam (s
Bvteriaatial Soctety b Blakesical sl Envirmownlal Kepsbtomies (ESEFR)
© 2k | BBER
L Kigglis Pesrrynl

Specimen Collection, Processing,
Storage And Retrieval

Legal And Ethical Issues in Biobanking
Specimen Access, Distribution, Use And
Destruction

Repository Planning
Facilities
Storage Equipment And Environments
Quality Management
Safety
Records Management
Biological Material Tracking

Training
Cost Management & Sustainability




ISBER Best Practices for Repositories

SRR AT AN W BEST PRACTICES

2012 Best Practices for Repositories

Collection, Storage, Retrieval, and Distribution of

Biological Materials for Rescéarch

International Society for Biological and
Environmental Repositories

Third Editiom

e e
GIISBER
These Desl Practes amwe W ]n i ol |l W il Bid Wt sl
imppecrvind mpepduaiiun dnd e r-.I Bimiliigs Iu-l wd pepeclin
T wemiley is sy inard G0 L l"-wl ‘i s Wy .:l'r-ul-,:l o sty Blaild
Fiat arimd PACTEIE i 1 H- f s
it e
= Envihmpwindal Kejs EAfEH
ISBER

Communicates the most
effective practices

for the management of
specimen collections
and repositories

Reflects the collective
experience of its
members and has
received broad input
from other repository
professionals



Banks of biological material collected from cancer patients and their use.

AN

Cytologic preparations Peripheral blood  Plasma Urine
1 1 | |
frozen cryopreserved paraffin 1 1
1 gene expression analysis using DNA Proteins
in vivo model antibodies or DNA probes
DNA: CGH analysis Gastric l l
: Xenograft moLs SNP analysis markers
. * e cece validation
s, Qe Q
&y 2238

RNA: expression proﬁl&?

Proteins : expression profiling

Tissue chip

Selection of tumor types in which the
expression of the given gene
is altered

Selection of altered genes-proteins

Risk assessment and
non invasive diagnosis




SURGERY

Cancer

Uninvolved

S

Pancreas
(>10mm from
tumour)

Normal

Duodenum

Max 4 pieces
per TC

LABORATORY
paae Crypre§ewant —» SlowFreeze —» Into-80 » Xenograft
2x2mm x2 into storage
Cryovial
: s Process & TMA
. ——»
I;ﬁif;:;;?’iss:;;m—» Fix & Stabilize —» Fiobed in G traitian
piece Parraffin
Frozen > DNA
5x5mm pieces < TC ——» Snap freeze =
min 2 samples immediately in LN? > RNA
. 5x5mm pieces
" Min 2 samples »  Snap freeze » Future
Max 4 pieces immediately in LN? Use
per TC
> Z)fSnz\m piecl:es > Snap freeze » Normal
bl immediately in LN? DNA



Genomlc Studles prowde the
baselme for cllnlcal ontlons
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WGS data from ICGC
found consistent mutations in sets of genes
belonging to specific pathways

The mutational Iandscape of pancreatlc cancer




Pancreas Cancer

Pathway-specific signatures — 475 PDAC

MAPK pathway: (95%
KRAS 285

TGFb pathway: (40%)

SMAD4 88
AVCR1B -I 22
I
I

ACVR2A

TGFBR1 I 7
WNT ﬁathwax: ROBO SLIT & RNF43 (20%)
RoB0? ™ o i h
SRGAP - 8
- Nonsense, indel, SS
- Missense
[ ] silent

\:’ Damaging SV
- Homozygous deletion



Pancreas Cancer

Pathway-specific signatures — 475 PDAC

SWI/SNF — Chromatin remodeling: (25%)

ARID1A _ _ 4 2
ARIDZ g F ]' 0 12
SMARCA4 12
smarca: R il B 14
PBRM1 i B 8
DPF3 Im -
SMARCA2 ' || a

DNA Damage repair: (20%)

ATM

BRCA2

BRCA1

PALB2 Responders to PARP inhibitors

REV3L

STK11 I Nonsense, indel, SS
B Missense

RPA1 [ ] Silent

[] Damaging SV
I Homozygous deletion



Whole genomes redefine the
mutational landscape of PDAC

g

Scattered
(50 — 200 widespread)

Unétable

(50-200, 50% on 1 Chr) (>200 widespread)

Waddell N, et al — Nature 2015



Unstable Genotype is
Jassociated with BRCA signature
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Waddell N, et al — Nature 2015



Genomic information can define diagnostic and
actionable subgroups for the clinic

 Joegoss
[ regoss
Predict drug efficacy

How do we apply this information to the clinic?




NGS — PDAC Gene panels
for pathway based molecular diagnostics

Yoo

PDAC Ny
. SWI/SNF Chromatin  WNT non canonical - DNA DAMAGE
Panel Name perlimp_ullary TGFB Pathway Remodelling Spliceosome REPAIR
asic

GENES




NGS FROZEN and FFPE
High quality of DNA sequences

Diagnosis

Coverage distribution of amplicons in each sample
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Mutations in FROZEN and FFPE
samples coincide

Yowens

. . Insertions/
point mutations

deletions

100 100

Slope =1.0+£0.015

Intercept = -1.4 £ 0.88
R?=0.99
p < 0.0001

80 80

60 60

40 40

Slope = 0.92 + 0.065
Intercept =6.1 £ 3.6

R?2=0.84
< 0.0001

0 20 40 60 80 100 0 20 40 60 380 100

20 20

variant frequency [FFPE]
variant frequency [FFPE]

variant frequency [frozen] variant frequency [frozen]



Clinical Summary: Genomic Summary;
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* Histopathology #
Maoffitt tumour class

Moffitt stromal class
Collisson class

oM

u-!
-2
. |

(]

-

| Basal-like
I Classical
Activated stroma

- -

YNormal stroma ; -

B Quasi-mesenchymal
% Exocrine-like
BClassical

Squamous

ADEX

-

B

=EZ » 5 ERE
B Non-silenit SNV or indel
BSV

lDeletion
l Amplification (Copy number >=8)

o=

—

e |' J-.* L'..lﬁm
van "
! b

B Adenosquamous carcinoma

B Acinar Cell Carcinoma

B IPMN with Invasion / Mucinous
BBRCA2 Germline mutations

RNAseq (N = 96)

4 classes based
on transcription
factors and
downstream
targets

Enriched with
specific
histological
features

Bailey et al, (in print)
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Molecular Subtypes of PDAC  ° Sguamous subtype worst

prognosis

FOXAZ AND FOXA3 TRANSCRIPTION

FACTOR NETWORKS | . .

-ﬂ“ . / M acio onioaTioN » Transcriptional network
e o ’ O-LINKED GLYCOSYLATIOMN OF MUCINS . . .
e = o analysis identified 10 core
s P TmpeTa gene programmes associated
[ e reprocraminG with different classes

o ECM|
~ TGFbeta & WNT SIGNALING PATHWAYS

" PROLIFERATION

. I \ ACTIVATED MYC PATHWAYS | - P - U . 0302

AUTOPHAGY | RNA PROCESSING 1 Mﬂ.ﬂlan S_urwva[ Surﬂ- VE
23,7 Vs 25,6 VS 13.3 months
n=93
24
i |
= ? 6
g
E
— B CELL ‘_f, 4
Cw ~ / CD4+ T CELL SIGNALLING | g 3
~ .~ __TLRSIGNALLING | 5
® ST ANTIGEN PRESENTATION 0.2
. SN D+ T CELL SIGNALLING
__NR5A2, RBPJL TRANSCRIPTIONAL 0
=] .1~ NETWORK | EXOCRINE SEGRETION 0 10 20 30 40 50
GP1L '-f\ REGULATION OF BETA CELL
DEVELOPMENT | GENES UPREGULATED
| | IN EPITHELIAL CELLS OVER-EXPRESSING Months

1 0 -1 ONCOGENIC KRAS

Bailey et al, (in print)



Mutations in 79 primary PDAC
Chromatin remodelling (15-genes)

Gene Pathogenic

8

1

1

1

2 :
. 8
3

1

2

1

1

2
Total 27 (21%)

A total of 27 cases mutated = 34%




Chromatin remodelling and prognosis

Ep E[Ws 7% s I =
g = | MLL2 5o T =
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Genetic alteration ® Missense mutation ® Truncating mutation 1 100 10,000
100 - —— Chromatin regulator mutant
o~ ~4— Chromatin regulator WT
E 80- P .
3 rognosis
S 60 -
8
2 40 -
o
§ 20 -
P=0.0014
0 ) L] Ll 1

h)
10 20 30 40 50

Months
Sausen M et al. Nature Communications. 2015
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Mutations in 79 primary PDAC
BRCAnNess pathogenic mutations

Gene Pathogenic
3 ~ &
3 SR EINT
9 é i
: -
3
1
2
2 Predict drug efficacy
1

Total
A total of 25 cases mutated (32%)

N
0)



Unstable Genotype is

/associated with BRCA signature
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Exceptional responder

ICGC 0008
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Waddell N, et al — Nature 2015



Unstable Genotype is

Jassociated with BRCA signature
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Waddell N, et al — Nature 2015



n m Tumor Burden

Pancreatic cancer cellularity

Sample Cell KRAS
1 15% G12R (60%)
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Resolving FFPE Intratumoral Heterogeneity

Keratin Vimentin Fusion

TUMOR STROMAL EMT

Recovery of homogeneous pools of cells
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Liquid biopsy:

cfDNA

« Early diagnosis

Population-

fiididhits

Recurrent
mutations

ACCTCTC
ACCTGTC
ACCTCAC
ACCTGAC

v

_

lack of specificity

Newman AM et al. Nature Medicine. 2013

« Disease monitoring

Cen f
DN

Tumor/normal
genomlc DNA

Personahzed
markers

Blood

Tissue
blopy \::aw

Y

Mutation Mutation
Q over 3

ree

A

avery




Pancreatlc cancer: cfDNA St~
| ~
pL

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

P
o
j

100 1 —— ctDNA detected
== No ctDNA detected

(u 1]
o
i

o=
o
i

M

o

i
o
o |

P=0.0199 ; P = 0.0004

1ID 2'0 30 4l0 CT imaging ctDNA
Months

o
o

Progression-free @
survival (%)
()]
o
Time to detection of ©
recurrence (months)
5
i i
=
oo
i
-

o

Sausen M et al. Nature Communications. 2015






Xenografts retain the morphology of the patient cancer

Xenograft
SRR P




October 2015 Mutations in 79

CAM:PaC.. primary /xenografts pairs
Gene Mutated cases Proportion
KRAS 75 95%
TP53* 51 64%
SMAD4** 19 24%
CDKN2A/p16 10 12%
GNAS 3 4%
APC 2 2.5%
FBXW7 1 1%
PIK3CA 1 1%

*IHC confirms the proportion

**IHC shows a higher proportion of inactivation

The analysis suggest non correspondence that is resolved or
amplified in xenografts



Testing drugs on patient xenografts

Untreated
Treated

8 & 8 °

uolsuswiq Jown |

Drug

£N
0%

o




G2 - KRAS, P16, SMAD4, TP53, ACVR2A

CAM:PaC..
i e
- RBM10, SRGAP2
Tumor growth of T2330 (Panc12709, MV13107)
2.00
1.80 —o—A -NaCl
—#—B -Gemcitabine /
1.60 . -
C -Gemcitabine + Erlotinib /

—1.40 D -Gemcitabine +
”E Abraxane
o, —*—E -5FU + Oxaliplatin
0 1.20
g —e—F _Abraxane A//
$1.00
30.80 /
<
30.60 _x

0.40 P

0.00 " " . ‘ ‘ "

30 35 40 45 50 55 60

Days after tumor transplantation

65



nBiobanks make the development of drugs
and diagnostic tools more efficient

 Individualised Molecular Pancreatic Cancer Therapy
(IMPACT) trial
« APGI patients with targets that are ready for “Prime Time”

* Primary Xenografts and cell lines generated from APGI patients for
others

Standard | GEMCITABINE | > Xenograft Growth
Therapy CONTROL - NO THEATMENT JI > v
”
&~ W |o|——[FERz A > [TEgme| | SuvvalAnasis

——> [ FA/BRCA |—> "’

- 355888

Personalised —| EGFR |—>»| Enotinib

Therapy

—>| OTHERS |—> 8:33; D e m w m

SELECT XENOGRAFTS




Biobank of patient tumorgrafts
to associate genetic profiles to drug response

Patient Genetic Patient Genetic Drug
cancer profile Xenografts profile response
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TMF National Day
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