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PROGRMMA DEL CORSO
1. Inquadramento e significato dei biomarcatori clinici 
2. I tessuti d’archivio quale fonte di ricerca clinica e 
diagnostica 

3. Trattamento dei tessuti e condizioni preanalitiche 

4. Le biopsie liquide e condizioni pre-analitiche 

5. Analisi in situ delle macromolecole biologiche 
(Ibridazione in situ; immunoistochimica; istochimica) 

6. Metodi estrattivi del DNA 

7. Metodi estrattivi degli RNA 

8. Metodi estrattivi delle proteine 

9. Analisi quantitative e qualitative delle 
macromolecole con esempi specifici 

10. Esempi specifici  di biomarcatori- companion
diagnostics
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Quality of Clinical samples

Clinical tissues

Biomarkers’ definition and classification

Analytical Methods



Advanced precision medicine 

Advanced diagnostic tools

Reproducibility and Results Exchangeability 

SOPs Pre-Analytical Processes

In laboratory Outside Laboratory



SOPs

Standardization of Pre-Analytical Processes

Tumor
Heterogeneity



Sources of Clinical research and Diagnostic Variabiliy

ü Tissue and macromolecule pre-analytical preservation
üHeterogeneity at the clinical, morphological or molecular level
ü Selection and standardization of analytical procedures
ü SOPs

What are pre-analytical conditions? 
How do they affect analytical results?
How can quality of samples be assured?



Where sample quality matters?

studies.”However, it does suggest that, even under our relatively conservative assumptions, the
impact of the reproducibility problem is economically significant.

Irreproducibility also has downstream impacts in the drug development pipeline. Academic
research studies with potential clinical applications are typically replicated within the pharma-
ceutical industry before clinical studies are begun, with each study replication requiring between
3 and 24 months and between US$500,000 to US$2,000,000 investment [23]. While industry
will continue to replicate external studies for their own drug discovery process, a substantially
improved preclinical reproducibility rate would derisk or result in an increased hit rate on such
investments, both increasing the productivity of life science research and improving the speed
and efficiency of the therapeutic drug development processes. The annual value added to the re-
turn on investment from taxpayer dollars would be in the billions in the US alone.

The Role of Best Practices and Standards
Many key stakeholder groups are developing and piloting a range of solutions to help increase
reproducibility in preclinical research. For example, the National Institutes of Health (NIH)
have recently announced a list of Principles and Guidelines for Reporting Preclinical Research
[24], which over 100 journals have joined as cosignatories and that builds on previous recom-
mendations by Landis et al. [25] to improve methodological reporting of animal studies in

Fig 2. Estimated US preclinical research spend and categories of errors that contribute to irreproducibility.Note that the percentage value of error for
each category is the midpoint of the high and low prevalence estimates for that category divided (weighted) by the sum of all midpoint error rates (see S1
Dataset). Source: Chakma et al. [18] and the American Association for the Advancement of Science (AAAS) [19].

doi:10.1371/journal.pbio.1002165.g002
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Abstract
Low reproducibility rates within life science research undermine cumulative knowledge
production and contribute to both delays and costs of therapeutic drug development. An
analysis of past studies indicates that the cumulative (total) prevalence of irreproducible
preclinical research exceeds 50%, resulting in approximately US$28,000,000,000 (US
$28B)/year spent on preclinical research that is not reproducible—in the United States
alone. We outline a framework for solutions and a plan for long-term improvements in re-
producibility rates that will help to accelerate the discovery of life-saving therapies
and cures.

Introduction
Much has been written about the alarming number of preclinical studies that were later
found to be irreproducible [1,2]. Flawed preclinical studies create false hope for patients
waiting for lifesaving cures; moreover, they point to systemic and costly inefficiencies in the
way preclinical studies are designed, conducted, and reported. Because replication and cu-
mulative knowledge production are cornerstones of the scientific process, these widespread
accounts are scientifically troubling. Such concerns are further complicated by questions
about the effectiveness of the peer review process itself [3], as well as the rapid growth of
postpublication peer review (e.g., PubMed Commons, PubPeer), data sharing, and open ac-
cess publishing that accelerate the identification of irreproducible studies [4]. Indeed, there
are many different perspectives on the size of this problem, and published estimates of irre-
producibility range from 51% [5] to 89% [6] (Fig 1). Our primary goal here is not to pin-
point the exact irreproducibility rate, but rather to identify root causes of the problem,
estimate the direct costs of irreproducible research, and to develop a framework to address
the highest priorities. Based on examples from within life sciences, application of economic
theory, and reviewing lessons learned from other industries, we conclude that community-
developed best practices and standards must play a central role in improving reproducibility
going forward.
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Sample Variation damage
• Single Sample
Individual diagnostic test result- wrong 
diagnosis, 
non-optimal medical treatment
• Multiple samples
Statistics: overshadow of the (desired) result
• Multiple centres research
Statistics: overshadow of the (desired) result
• Published results
Reproducibility –
Product development validation for 
intended use

Expanding Effect

Riegman et al, New BIOTECHNOLOGY 53 (2019) 35–40 



Irreproducibility of medical research
PROBLEM SOLUTION
# Experimental design, interpretation, power Design and analysis support

#Bibliometric evaluation Reproducibility for carrier
progression and founding 

#Complexity of biological/medical information Molecular Tumor Boards - AI
- Clinical research – Big data

#Pre-analytical condition CEN technical  specification, 
ISO international standards

#Highly sophisticated methodologies SOPs – External and internal 
quality control 

#Intra-tumor heterogeneity New sampling techniques–
Liquid biopsy
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TTP: Total Testing Process

1. ORDERING 2.  IDENTIFICATION 4.  TRANSPORT3.  COLLECTION 5. SEPARATION-PREPARATION

PREANALYTICAL PHASE

6. ANALYSIS 7. REPORTING 8. INTYERPRETATION 9. ACTION

ANALYTICAL PHASE



What is pre-analytics?

Clin Chem. 2015 Jul;61(7):914-34

Pre-analytical phase: covers all steps from the clinicians requests to the beginning 
of the analytical examination, included nucleic acid or protein  extractions

1. Mostly outside the laboratory
2. Harder to Control
3. Different health care 

professionals
4. Biomolecules isolation (DNA, 

RNA, protein, ccf-DNA, 
miRNA…) is part of the pre-
analytical phase

ANALYSIS DEFINES 
THE PRE-ANALYTICAL 

PROCESS

https://www.ncbi.nlm.nih.gov/pubmed


Why pre-analytics?
ØPhysicians rely on accurate laboratory test results for diagnosis and 
guiding therapy: more than 70% of clinical decisions are based from 
information derived from laboratory results (MLO Med Lab Obs. 2014 

May;46(5):22, 24, 26)
Ø107 € of funding may be lost each year in clinical trials in the EU due 
to pre-analytical and analytical problems (Ann Transl Med. 2016 May;4(9):181)

Clin Biochem. 2016 Dec;49(18):1313-1314

https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed


Why extractions into pre-analytics?

Clin Chem. 2015 Jul;61(7):914-34

Pre-analytical phase: covers all steps from the clinicians requests to the beginning 
of the analytical examination, included nucleic acid or protein  extractions

Serena Bonin, Falk Hlubek, Jean Benhattar, Carsten Denkert, Manfred Dietel, Pedro L. Fernandez, Gerald 
Höfler, Hannelore Kothmaier, Bozo Kruslin, Chiara Maria Mazzanti, Aurel Perren, Helmuth Popper, Aldo 
Scarpa, Paula Soares, Giorgio Stanta and Patricia JTA Groenen.”MULTICENTRE VALIDATION STUDY OF 
NUCLEIC ACIDS EXTRACTION FROM FFPE TISSUES” Virchow Arch 2009

Bonin S , Stanta G. Nucleic acids extraction methods in fixed and paraffin-
embedded tissues in cancer diagnostics. Exp Rev  Mol. Diagn. 2013,13.

https://www.ncbi.nlm.nih.gov/pubmed


Why pre-analytics?
ØStandardization of pre-analytical processes is key to guarantee 
reliability of analytical results
ØSame requirements for diagnostics and biobanks
ØIncreasing demand in the context of personalized medicine and 
companion diagnostics

1
Sample source
determins the
metabolome
signature

Image made available by Kurt Zatloukal
v Discrimination accuracy = 92%

Serum from 5 biobanks 
Score plot
PCA-CA

EDTA-plasma from 9 biobanks 

European healthy subjects

Project in collaboration with BBMRI-ERIC 
(Biobanking and BioMolecular resources Research 
Infrastructure – European Research Infrastructure 
Consortium)

Courtesy of CERM-
Florence



Why pre-analytics?
ØMedical research irreproducibility, which slows down the translation 
into medical practice

The Economist. 2013 Oct How Science goes wrong

Sources of variability related to clinical 
research irreproducibility

#Tissue and macromolecule pre-analytical 
preservation (pre- and fixation procedures)
#Selection and standardization of analytical
procedures (standardization of procedures,
controls, interpretation of results)
#Heterogeneity on morphological and 
molecular level

https://www.ncbi.nlm.nih.gov/pubmed


Major efforts for improvement

§ Technologies for securing high quality samples
§ International Standards for pre-analytical workflows

What is a standard?
It is a reference model to which you may  conform.
The standard or norm is a document, used in various areas, which 
establishes technical specifications for the realization of a product or 
the provision of a service.
Those documents are created by International normation bodies-
CEN and ISO and the National counterparts.



What is a standard?



Pre-analytical Workflow - Standards for all Segment

⌾ Biobanks
• Source for high quality samples
BBMRI-ERIC plays a central role

⌾ Biomedical & Translational Research
• Academia 
• Pharma industry
• Diagnostic Industry

⌾ Diagnostics
• High sample quality is mandatory for reliable
diagnostic results
• Analytical assay might tolerate lower quality or not
→Validation studies
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 Prassi di Riferimento

Stato

 In Vigore

 Norma Ritirata

Le norme PDF scaricabili da UNI Store
sono protette da Digital Rights
Management (DRM).
Leggere attentamente le istruzioni
prima di effettuare il download.

 

Parola chiave: pre-examination processes in vitro
diagnostics
Tipologie: Tutte le tipologie

Tipo Norma: Norme ISO
Stato: Valida

Lista dei risultati

Numero norme trovate: 17979

Modifica la ricerca - Nuova ricerca

 ISO 20184-2:2018
Molecular in vitro diagnostic examinations -- Specifications for pre-examination processes
for frozen tissue Isolated proteins

 ISO 20184-1:2018
Molecular in vitro diagnostic examinations -- Specifications for pre-examination processes
for frozen tissue Isolated RNA

 ISO 20166-2:2018
Molecular in vitro diagnostic examinations -- Specifications for pre-examinations processes
for formalin-fixed and paraffin-embedded (FFPE) tissue Isolated proteins

 ISO 20166-1:2018
Molecular in vitro diagnostic examinations -- Specifications for pre-examination processes
for formalin-fixed and paraffin-embedded (FFPE) tissue Isolated RNA

 ISO 20166-3:2018
Molecular in vitro diagnostic examinations -- Specifications for pre-examination processes
for formalin-fixed and paraffin-embedded (FFPE) tissue Isolated DNA
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 ISO 20186-3:2019
Molecular in vitro diagnostic examinations -- Specifications for pre-examination processes
for venous whole blood Isolated circulating cell free DNA from plasma

 ISO 20186-1:2019
Molecular in vitro diagnostic examinations -- Specifications for pre-examination processes
for venous whole blood Isolated cellular RNA

 ISO 20186-2:2019
Molecular in vitro diagnostic examinations -- Specifications for pre-examination processes
for venous whole blood Isolated genomic DNA

 ISO 13379-1:2012
Condition monitoring and diagnostics of machines -- Data interpretation and diagnostics
techniques General guidelines

 ISO 17359:2018
Condition monitoring and diagnostics of machines -- General guidelines

 



ISO Technical Specification for FFPE 
tissues



International Standards (ISO) and European Technical Specifications (CEN)
BBMRI-ERIC Self-Assessment Survey  

www.bbmri-eric.eu/services/quality-management/



BBMRI-ERIC Work Programme 2016-2020
CEN/TC 140 and ISO/TC 212

Molecular in vitro diagnostic examinations – Specifications for pre-examination 
processes

Austria: 18
Belgium: 19
Bulgaria: 1
Switzerland: 4
Cyprus: 3
Czech Republic: 3
Germany: 15
Estonia: 3
Finland: 20
Greece: 1
IARC: 2
Italy: 10
Latvia: 3
Lithuania: 1
Malta: 6
Netherlands: 4
Norway: 6
Poland: 10
Sweden: 6
Turkey: 12
UK: 1

Representatives of Quality Experts Groups: 



BBMRI-ERIC Self-Assessment Survey
www.bbmri-eric.eu/services/quality-management/



BBMRI-ERIC 
Self-Assessment 
Survey



SPIDIA for personalised medicine: Standardisation and improvement of 
generic pre-analytical tools and procedures for in-vitro diagnostics

ü 48-month project
ü key experts of 19 stakeholder organisations
ü Aims: pre-analytical procedures, European and international

standardisation organisations’ processes (CEN and ISO), external quality
assurance, quality management, ethics and regulatory demands

ü www.spidia.eu

http://www.spidia.eu/

