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Prognosis 2 

3 Predict drug efficacy 

CLINICAL PRACTICE 



Biobanks help in the fight against 
deadly diseases such as cancer 

 



MATERIALS  METODS 

OBJECTIVE 

Understand Biological Precision 



It cannot be a local process 

Requires international collaboration 

Collaboration across disciplines 

Complementary knowledge to be integrated 

Bring together science and policy makers 

High Quality, Ethically-Collected Specimens 
are Critical Research Tools 

 



Whole Genome Sequencing 



Metzker, Nat Rev Genetics (2010 Jan; 11) 

A. Ion Torrent � � �� � � �� � � � � 	 � � 
 �

Next-Gen sequencing 

B. Illumina 



High Quality, Ethically-Collected Specimens 
are Critical Research Tools 

 
CANADA

• Pancreatic cancer
 (Ductal adenocarcinoma)
• Pediatric brain tumors
 (Medulloblastoma)
• Prostate cancer
 (Adenocarcinoma)

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)   

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

EU / UNITED
KINGDOM

• Breast cancer
 (ER positive, 
 HER2 negative)

• Bladder cancer
• Blood cancer
 (Acute lymphoblastic leukemia/
 Acute myeloid leukemia) 
• Brain cancer
 (Glioblastoma multiforme/
 Lower grade glioma)
• Breast cancer
 (Ductal & lobular)
• Cervical cancer 
 (Squamous) 
• Colorectal cancer
 (Adenocarcinoma)
• Endometrial cancer
 (Uterine corpus endometrial 
 carcinoma)
• Gastric cancer
 (Adenocarcinoma)
• Head and neck cancer
 (Squamous cell carcinoma/
 Thyroid carcinoma)
• Liver cancer
 (Hepatocellular carcinoma)
• Lung cancer
 (Adenocarcinoma/
 Squamous cell carcinoma)
• Ovarian cancer
 (Serous cystadenocarcinoma)
• Pancreatic cancer
 (Adenocarcinoma)
• Prostate cancer
    (Adenocarcinoma)
• Renal cancer
 (Renal clear cell carcinoma/ 
 Renal papillary carcinoma)
• Skin cancer
 (Cutaneous melanoma)

UNITED STATES ITALY
• Rare pancreatic tumors
 (Enteropancreatic endocrine 
 tumors and rare pancreatic 
 exocrine tumors)

CHINA
• Bladder cancer 
 (Urothelial carcinoma)
• Blood cancer 
 (Acute myeloid leukaemia 
 and Chronic myelogenous 
 leukaemia)
• Brain cancer  
 (Glioblastoma multiforme)
• Breast cancer 
 (Triple negative)
• Colorectal cancer 
 (Adenocarcinoma, 
 non-Western)
• Esophageal cancer 
 (Squamous carcinoma)
• Gastric cancer 
 (Intestinal- and diffuse-type)

• Liver cancer 
 (Hepatocellular carcinoma, 
 HBV-associated)
• Lung cancer 
 (Squamous cell carcinoma)
• Nasopharyngeal cancer 
 (Nasopharyngeal carcinoma, 
 Asia)
• Ovarian cancer
• Pancreatic cancer 
 (Ductal adenocarcinoma) 
• Prostate cancer
• Renal cancer 
 (Clear cell renal cell carcinoma)
• Thyroid cancer 
 (Papillary carcinoma)

• Thyroid cancer
    (Papillary carcinoma)

SAUDI ARABIA

• Blood cancer
 (Acute myeloid leukaemia)
• Breast cancer 
 (Asian phenotype)
• Lung cancer 
 (Adenocarcinoma/
 Squamous cell carcinoma)
 

SOUTH KOREA

 Grey = Collaboration

EU / FRANCE
• Renal cancer
 (Renal cell carcinoma)
 (Focus on but not limited 
 to clear cell subtype)

MEXICO
• Blood cancer 
 (Diffuse large B-cell 
 lymphoma)
• Breast cancer 
 (Ductal carcinoma)
• Cervical cancer 
• Head and neck cancer 
    (Squamous cell carcinoma 
 of oral cavity/oropharynx/
 sinonasal cavity/
 hypopharynx/larynx)
• Pediatric solid tumors

SPAIN
• Chronic lymphocytic 
 leukemia
 (CLL with mutated and 
 unmutated IgVH) 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
 (Adenocarcinoma)

AUSTRALIA
• Ovarian cancer
 (Serous cystadenocarcinoma)
• Pancreatic cancer 
 (Ductal adenocarcinoma/
 Neuroendocrine tumors)
• Prostate cancer

JAPAN
• Liver cancer
 (Hepatocellular carcinoma)
 (Virus-associated)

SINGAPORE
• Biliary tract cancer 
 (Gall bladder cancer/
 Cholangiocarcinoma)

BRAZIL
• Skin cancer 
 (Melanoma)

INDIA
• Oral cancer
 (Gingivobuccal)



High Quality, Ethically-Collected Specimens 
are Critical Research Tools 

 

Collect 
sample

s 

•  500 tumor/
normal 

•  50 different 
major cancer 
types 

Comprehe
nsive 

genome 
analysis 

•  genome 
•  transcriptome 
•  methylome 

Make 
data 

available 

•  Research 
community 

•  public 



Quality 
Measures 

Technologies 

Data  
Releases 

Datasets 

Consent 

Specimens 

Goals 

Major issues addressed in ICGC consortium 

High Quality, Ethically-Collected  
Specimens are Critical Research Tools 

 



High Quality, Ethically-Collected Specimens 
are Critical Research Tools 

 



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 



ISBER Best Practices for Repositories 

•  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. 

Bulk tissue Cytologic preparations 

DNA: CGH analysis 

frozen  cryopreserved 

in vivo model 

Xenograft 

Selection of altered genes-proteins  

gene expression analysis using 
antibodies or DNA probes  

Tissue chip 

Gastric  
tumor array  

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

is altered 

paraffin 

Peripheral blood Plasma Urine 

DNA 

SNP analysis markers  
validation 

Proteins 

Risk assessment and 
non invasive diagnosis 

RNA: expression profiling 

Proteins : expression profiling 



SURGERY LABORATORY



The mutational landscape of pancreatic cancer 

WGS data from ICGC 
found consistent mutations in sets of genes  
belonging to specific pathways 

Genomic Studies provide the 
baseline for clinical options 

 



SMAD4                                                                           *                                                                                                    88 

AVCR1B                                             22 

ACVR2A         *          10 

TGFBR1               7 

TGFb pathway: (40%) 

WNT pathway: ROBO SLIT & RNF43 (20%) 
RNF43                                                   25 
ROBO1                                 15 
ROBO2                             12 
SLIT2                   9 
SRGAP                 8 

KRAS 285 

MAPK pathway: (95%) 

Missense 
Silent 

Nonsense, indel, SS 

Damaging SV 
Homozygous deletion 

Pancreas Cancer 
Pathway-specific signatures – 475 PDAC 



ATM                                         20 

BRCA2                           14 

BRCA1                 8 

PALB2             6 

REV3L       3 

STK11       3 

RPA1       3 

DNA Damage repair: (20%) 

Responders to PARP inhibitors 

SWI/SNF – Chromatin remodeling: (25%) 

Missense 
Silent 

Nonsense, indel, SS 

Damaging SV 
Homozygous deletion 

Pancreas Cancer 

SWI/SNF – Chromatin remodeling: (25%) 

Pathway-specific signatures – 475 PDAC 



Whole genomes redefine the  
mutational landscape of PDAC 

Stable 
(<50 events) 

Focal 
(50-200, 50% on 1 Chr) 

Unstable 
(>200 widespread) 

Scattered 
(50 – 200 widespread) 

30% 14% 

20% 36% 

Waddell N, et al – Nature 2015 



Waddell N, et al – Nature 2015 

Unstable Genotype is  
associated with BRCA signature 



4 Follow up 

Diagnosis 1 

Prognosis 2 

3 Predict drug efficacy 

How do we apply this information to the clinic? 

Genomic information can define diagnostic and 
actionable subgroups for the clinic 



NGS – PDAC Gene panels  
for pathway based molecular diagnostics  

Diagnosis 1 

�

Panel Name 
PDAC 

periampullary 
basic  

TGFB Pathway 
SWI/SNF Chromatin 

Remodelling 
WNT non canonical -

Spliceosome 
DNA DAMAGE 

REPAIR 

GENES 

KRAS ACVR1A  ARID2  ARHGAP4  BRCA1  
BRAF  ACVR1B  ARID1B  PRPF40A  BRCA2  
NRAS  ACVR1C  BAP1  PRPF40B  PALB2  
TP53 ACVR2A DPF1  RBM6  STK11  

CDKN2A ACVR2B  DPF2  RBM10  RPA1  
PIK3CA TGFBR1  DPF3  RNF43  REV3L  

APC TGFBR2  HLTF  ROBO1  ATM  
CTNNB1 SMAD1  KDM5C  ROBO2  

 EGFR SMAD2  KDM6A  ROBO3  
 ERBB2  SMAD3  KMT2C  ROBO4  
 ERBB4 SMAD4  KMT2D  SF1  
 FGFR3 SMAD5  MEF2C  SF3A1  
 FLT3 SMAD9  PBRM1  SF3B1  
 GNAS 

 
SETD2  SLIT2  

 KDR/VEGFR2 
 

SMARCA1  SRGAP1  
 FBXW7  SMARCA2  SRGAP2  
 CDH1  SMARCA4  SRGAP3  
  

  
U2AF1  

  
  

U2AF2  
 

KRAS

KDR/VEGFR2

KRAS 
BRAF 
NRAS 
GNAS 
BBB 
CCC 
DDD 
EEE 
FFF 
GGG 
HHH 

 
SMAD

4 

ARID2 

BAP1 
ARID2 
BBB 
CCC 
DDD 
EEE 
FFF 
GGG 
HHH 

ROBO1 
SLIT2 
BBB 
CCC 
DDD 
EEE 
FFF 
GGG 
HHH 

 
 

BRCA1 
BRCA2 

BBB 
CCC 
DDD 
EEE 
FFF 
GGG 
HHH 

 
 



F P F P F P F P F P F P F P F P F P F P 

NGS FROZEN and FFPE 
High quality of DNA sequences 

Diagnosis 1 



Insertions/
deletions point mutations  

Mutations in FROZEN and FFPE  
samples coincide 

Diagnosis 1 



Molecular 
Phenotype 

Report 
 

with  
 

Clinical Trial 
Options 

 

Diagnosis 1 

NEXT GENERATION 
HISTO-PATHOLOGY 



RNAseq (N = 96) 

•  4 classes based 
on transcription 
factors and 
downstream 
targets 

•  Enriched with 
specific 
histological 
features 

Bailey et al, (in print) 

•

•

Diagnosis 1 



Molecular Subtypes of PDAC •  Squamous subtype worst 
prognosis 

•  Transcriptional network 
analysis identified 10 core 
gene programmes associated 
with different classes 

Bailey et al, (in print) 

Diagnosis 1 



Chromatin remodelling (15-genes)  
Gene Pathogenic 
ARID1A 8 
ARID1B 1 
ARID2 1 
KDM5C 1 
KDM6A 2 
KMT2C 4 
KMT2D 3 
SETD2 1 
SMARCA2 2 
SMARCA4 1 
PBRM1 1 
BAP1 2 
Total 27 (21%) 

         
      

A total of 27 cases mutated = 34% 

Mutations in 79 primary PDAC 

Prognosis 2 

BAP1 
ARID2 
BBB 
CCC 
DDD 
EEE 
FFF 
GGG 
HHH 
IIII 
JJJ 
KKK 



Sausen M et al. Nature Communications. 2015 

Chromatin remodelling and prognosis  

Prognosis 2 



Gene Pathogenic 
ATM 3 
BRCA1 3 
BRCA2 9 
PALB2 1 
REV3L 3 
STK11 1 
BARD1 2 
CHEK1 2 
BRIP1 1 
Total 25 

A total of 25 cases mutated (32%) 

BRCAness pathogenic mutations 
Mutations in 79 primary PDAC 

3 Predict drug efficacy 

XXX 
BRCA1 
BRCA2 
PALB2 
CCC 
DDD 
EEE 
FFF 
GGG 
HHH 

III 



Waddell N, et al – Nature 2015 

Unstable Genotype is  
associated with BRCA signature 



Waddell N, et al – Nature 2015 

Unstable Genotype is  
associated with BRCA signature 



Keratin Vimentin Fusion 

Pancreatic cancer cellularity 
Sample Cell KRAS 

1 15% G12R (60%) 

Tumor Burden 4 Follow up 



Resolving FFPE Intratumoral Heterogeneity 

TUMOR STROMAL EMT 

Recovery of homogeneous pools of cells 

Keratin Vimentin Fusion 



VIM+ 

KER+ 

Stromal Cells 

Tumor Cells 

EMT 

KRAS G12R 
TP53 R273H 
SMAD4 R361H 

4 Follow up 



4 Follow up 



Liquid biopsy: 
cfDNA 

lack of specificity 

•  Early diagnosis 

Newman AM et al. Nature Medicine. 2013 

•  Disease monitoring  

4 Follow up 



Pancreatic cancer: cfDNA  

Sausen M et al. Nature Communications. 2015 

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

4 Follow up 



Mission impossible? 



PDX1 

PDX9 

PDX7 

Xenograft Primary 

Xenografts retain the morphology of the patient cancer 



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 

PDAC / periampullary panel (17-genes) 

October 2015 Mutations in 79  
primary /xenografts pairs 

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



Untreated 

Treated 

Time (weeks) 
Tu

m
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 D
im
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Drug A 

Drug B 

Testing drugs on patient xenografts  
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Days after tumor transplantation 

Tumor growth of T2330 (Panc12709, MV13107) 

A -NaCl 

B -Gemcitabine 

C -Gemcitabine + Erlotinib 

D -Gemcitabine + 
Abraxane 
E -5FU + Oxaliplatin 

F -Abraxane 

G2  - KRAS, P16, SMAD4, TP53, ACVR2A  
  - RBM10, SRGAP2 



Cancer Research Program

•  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  

Biobanks make the development of drugs 
and diagnostic tools more efficient 



Biobank of patient tumorgrafts 
to associate genetic profiles to drug response 

Genetic  
profile 

Patient  
Xenografts  

Drug  
response 

III B 

II A 

IV C 

Patient 
cancer 

Genetic 
profile 

III 

II 

IV 







TMF National Day  
TMF as Knowledge Transfer 
Platform for Biobanking in Germany 
 
Keynote from NIH/NCI: contribution 
for biospecimen research and 
biobanking as pivotal 
infrastructures for medical research 
 
A German Success Story: From 
Biobank and Elementary Cancer 
Research to Stratified Treatment of 
Patients 




