
Funded by
GZ 10.470/0016-II/3/2013

Kurt Zatloukal 
Diagnostic and Research Center for Molecular Biomedicine, 

Medical University Graz, Austria

Biobanking: Key to the implementation 
of standards in personalized medicine

Tackling Issues of in vitro Diagnostics
in Personalized Medicine
Brussels, 5.3.2019



Research Data Reproducibility Crisis



Biobanks:Quality-defined biosamples are
the raw material for reproducible data



• 46% - 68% of diagnostic testing process errors
are in the pre-analytical phase

• 5 percent of U.S. adults experience a diagnostic 
error 

• 10 percent of patient deaths can be attributed to 
diagnostic errors

• 6 to 17 percent of adverse events in hospitals are 
related to diagnostic errors Institute of Medicine

SEPTEMBER 2015
Improving Diagnosis in Health Care
The National Academy of Sciences.

Impact of Errors in 
Medical Diagnostics

Plebani M, Clin Chem Lab Med. 2006



DRUG DISEASE TARGET BIOSAMPLE ASSAY
ado-trastuzumab emtansine Breast cancer HER2 DNA/protein from FFPE tissue IHC/FISH

ado-trastuzumab emtansine  Gastric cancer HER2 DNA/protein from FFPE tissue IHC/FISH

afatinib NSCLC EGFR DNA from FFPE tissue NGS/PCR

alectinib NSCLC ALK DNA from FFPE tissue NGS

ceritinib NSCLC ALK DNA/Protein from FFPE tissue NGS/IHC

cetuximab (1) CRC EGFR Protein in FFPE tissue IHC

cetuximab (2) mCRC KRAS DNA from FFPE tissue NGS/PCR

cobimetinib+ vemurafenib Melanoma BRAF DNA from FFPE tissue NGS

crizotinib NSCLC ALK DNA from FFPE tissue NGS/FISH

crizotinib NSCLC ROS1 RNA from FFPE tissue NGS

crizotinib NSCLC ALK Protein/DNA in FFPE tissue IHC

dabrafenib Melanoma BRAF DNA from FFPE tissue NGS/PCR 

dabrafenib+trametinib NSCLC BRAF DNA/RNA from FFPE tissue NGS

deferasirox Thalassemia Iron Liver imaging MRI

enasidenib AML IDH2 DNA from blood or bone marrow PCR

Erlotinib NSCLC EGFR DNA from FFPE tissue or cfDNA from blood PCR/NGS

gefitinib NSCLC EGFR DNA from FFPE tissue PCR/NGS

imatinib mesylate GIST c-Kit Protein in FFPE tissue IHC

imatinib mesylate MDS, MPD PDGFRB Fresh bone marrow FISH

imatinib mesylate ASM c-Kit Fresh bone marrow PCR

midostaurin AML FLT3 DNA from blood or bone marrow PCR

nilotinib CML BCR-ABL1 RNA from blood RT-PCR

olaparib Breast cancer BRCA1/2 DNA from blood PCR, Sanger seq.

osimertinib NSCLC EGFR DNA from FFPE tissue or cfDNA from blood PCR/NGS

panitumumab (1) CRC EGFR Protein in FFPE tissue IHC

panitumumab (2) CRC KRAS DNA from FFPE tissue PCR

panitumumab (3) mCRC KRAS/NRAS DNA from FFPE tissue NGS

pembrolizumab NSCLC/gastric or GEJ Adenoca. PD-L1 FFPE tissue IHC

pertuzumab Breast cancer HER2/NEU DNA/protein from FFPE tissue NGS/IHC/FISH 

rucaparib Ovarian cancer BRCA1/2 DNA from FFPE tissue NGS

trametinib Melanoma BRAF DNA from FFPE tissue NGS/PCR

trastuzumab Breast , Gastric Ca HER2/NEU DNA from FFPE tissue NGS/FISH/IHC/CISH

vemurafenib Melanoma BRAF DNA from FFPE tissue NGS/PCR 

venetoclax CLL LSI TP53 blood FISH

Companion Diagnostics:
A rapidly growing list (FDA)



Companion Diagnostics 
(FDA-listed 2018) 

25

5

4

2 1

Biosamples

FFPE tissue

Bone marrow

Blood

ccfDNA

Other

17

14

10

8

2

Assays

NGS

PCR

ICH

FISH/CISH

Other

IHC

Stumptner et al. in Handbook for Biomarkers in Precision Medicine (in press) 



Need for Standardization of
Whole Diagnostic Workflows
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The Pringle manoeuvre is applied to prevent blood loss during liver surgery
Snap frozen liver samples collected at :

§ T0 sample before Pringle start: medication
§ T1 sample 30min after Pringle start: warm ischemia
§ T2 sample 30min after Pringle ending: ischemia- reperfusion
§ T3 sample after resection: cold ischemia

Example: Role of Pre-analytics
Warm and Cold Ischemia Effects

07/03/2019
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Ischemia and Gene Expression

FC1,5_p0,05 924 genes 

Affymerix HG-U219



Response to stress Response to stimulus
HSPA1B Heat shock 70 kDa protein 1
HSPA6 Heat shock 70 kDa protein 6
GADD45B Growth arrest and DNA-damage-inducible protein GADD45 beta
CRP Cysteine and glycine-rich protein 1
DNAJB4 DnaJ homolog subfamily B member 4
DNAJB1 DnaJ homolog subfamily B member 1
PLK2 Serine/threonine-protein kinase PLK2
CRP C-reactive protein(1-205)
DUSP1 Dual specificity protein phosphatase 1
HSPA8 Heat shock cognate 71 kDa protein
IER3 Radiation-inducible immediate-early gene IEX-1
GADD45G Growth arrest and DNA-damage-inducible protein GADD45 gamma
CEBPB CCAAT/enhancer-binding protein beta
NFKBIA NF-kappa-B inhibitor alpha
RNF152 RING finger protein 152
FOSL2 Fos-related antigen 2
HSPH1 Heat shock protein 105 kDa

ABCC9 ATP-binding cassette transporter sub-family C member 9
ANGPTL4 Angiopoietin-related protein 4
CEBPB CCAAT/enhancer-binding protein beta
CISH Cytokine-inducible SH2-containing protein
CRP Cysteine and glycine-rich protein 1
CXCL2 GRO-beta(5-73)
CXCR7 C-X-C chemokine receptor type 7
DNAJB1 DnaJ homolog subfamily B member 1
DNAJB4 DnaJ homolog subfamily B member 4
DUSP1 Dual specificity protein phosphatase 1
ELF3 ETS-related transcription factor Elf-3
ETS2 Protein C-ets-2
FHL1 Four and a half LIM domains protein 1
FOSL2 Fos-related antigen 2
GADD45B Growth arrest and DNA-damage-inducible protein GADD45 beta
GADD45G Growth arrest and DNA-damage-inducible protein GADD45 gamma
HSPA1B Heat shock 70 kDa protein 1
HSPA6 Heat shock 70 kDa protein 6
HSPA8 Heat shock cognate 71 kDa protein
HSPH1 Heat shock protein 105 kDa
ICAM1 Intercellular adhesion molecule 1
IER3 Radiation-inducible immediate-early gene IEX-1
IL1RN Interleukin-1 receptor antagonist protein
IRF1 Interferon regulatory factor 1
IRF8 Interferon regulatory factor 8
KLF6 Krueppel-like factor 6
NFATC2 Nuclear factor of activated T-cells, cytoplasmic 2
NFIL3 Nuclear factor interleukin-3-regulated protein
NFKBIA NF-kappa-B inhibitor alpha
NFKBIZ NF-kappa-B inhibitor zeta
PLK2 Serine/threonine-protein kinase PLK2
RNF152 RING finger protein 152
TMPRSS2 Transmembrane protease, serine 2 catalytic chain

Alterations in Gene Expression are an 
Active Respose
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Tissue Quality Marker 
(qRT-PCR Verification)

stable unstable
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128-fold individual variation



Sample Quality: a Legal Requirement



A classical change management issue

• New standards do not fit with current processes
• Additional costs
• Unknown risks in regulatory affairs

Roadblocks for Improving
Pre-analytics
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Improving health outcomes



§ Proactive role in standard development

Member of SPIDA4P, ASI, CEN, ISO, standard project

leader

§ Raising awareness at biobanks

§ Developing tools (self assessment)

§ Education and training programs

§ Promoting biobanks to provide access to quality-defined

samples meeting requirements of ISO standards and IVDR

§ Raising awareness at user side

Academia, industry, health care

BBMRI-ERIC‘s Role and Contribution
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