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Positive view

EAE for multiple sclerosis drug treatment

Immunomodulatory therapies

1971: first positive result in EAE

2009: Copaxone FDA approval 

•Interferon B (Avonex,  Rebif (interferone 

beta 1a); Betaferon (interferone beta 1b))

•Natalizumab (Tysabri, Elan & Biogen 

Idec): monoclonal antibody against the α4β1 

integrin 

•FTY720 (fingolimod, Novartis 

Pharmaceuticals): acts by limiting egress of 

lymphocytes out of secondary lymphoid tissues

•Glatiramer acetate, GA (Copaxone, Teva 

Pharmaceuticals), “bystander suppression”

•Alemtuzumab (Campath, Genzyme 

Corp.)

Ziemssen et al., 2016



Negative view

Cell therapies for the spinal cord injury

Due to incomplete evaluation 

and lack of replication, full 

consensus regarding the 

potential for cell therapy in the 

field of SCI has yet to be 

achieved…. 

In the context of remyelination, 

none of these clinical trials are 

fully aligned with the 

preclinical data

Mayers et al, Exp neurol, 2016
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• Premesse: da non dimenticare

• Modello animale: quale obiettivo?  

• “Robustezza” del dato sperimentale: prerequisito disatteso?

• Che fare: formazione

laboratorio

istituzioni

comunità scientifica

layout



La sperimentazione animale trova una sua giustificazione solo all’interno di un preciso contesto

(Direttiva n. 2010/63/UE, Decreto legislativo 4 marzo 2014, n. 26)

•massima protezione degli animali

•l’impiego di animali vivi continua ad essere necessario per tutelare la salute umana e animale

e l’ambiente

•ogni utilizzo di un animale sia attentamente valutato considerando la validità, l’utilità e la

pertinenza scientifica o educativa del risultato che si prevede di ottenere da tale utilizzo

Evidence-based medicine: three common criteria for judging evidence:
• Relevance: evidence has to constitute information for (or against) some proposition

• Sufficiency: information must meet the criteria of corroboration with other pieces of information 

on the same topic

• Veracity: process of gathering has been free from distortion and as far as possible

uncontaminated by vested interests

premessa, 1:

Il contesto  normativo e scientifico



premessa, 2:

Modello animale: quale obiettivo?

Mode 2 

of knowledge production

“applied and translational

research”

Mode 1 

of knowledge production

“basic science”

Gibbons et al, 1994



Mode 1 

Basic science

Mode 2 

Applied and Translational Research

premessa, 3:

Modello animale nella “discovery phase”



bioprocessintl.com

premessa, 4:

Drug development pipeline 



(2009)

AIC: Autorizzazione all’immissione in commercio di un farmaco. 

Viene concessa dall’AIFA dopo che un gruppo di esperti ne ha valutato la sicurezza e 

l’efficacia. Costituisce la “carta di identità” del medicinale poiché in essa sono indicati le 

caratteristiche essenziali che lo identificano. 

premessa, 5:

definizioni



Modello animale: utile o inutile??

Lovell-Badge, MRC National Institute for Medical Research, London

Preclinical (including animal experiments) remove 36% 

of the potential drugs from moving onto the next stage 

FDA (2004):

“Currently, nine out of ten 

experimental drugs fail in clinical 

studies because we cannot 

accurately predict how they will 

behave in people based on 

laboratory and animal studies”

… a new medicinal compound 

entering Phase 1 testing, often 

representing the culmination of 

upwards of a decade of preclinical 

screening and evaluation, is 

estimated to have only an 8 

percent chance of reaching the 

market”



• “curiosity-drived” experiment: per produrre conoscenza

• PoC: per confermare un’idea

• Efficacia preclinica: per IND application (Investigational New Drug)

• Sicurezza preclinica (GLP): per AIC

Modello animale: quale obiettivo?

2016, UK, gov:

• 9% Applied research

• 14% Regulatory testing

• 28% Basic biological and medical research

• 49% Breeding of laboratory animals
(genetically altered animals, mostly for research

and developing new treatments)



	

“translational gap” o “valley of death”

“Buone pratiche”

su base 

individuale/Ente

GLP

GCP

GMP

GxP

Leggi degli Stati 

membri OECD
(Organisation for 

Economic Co-operation 

and Development)



2016

Robustness of preclinical R&D



Reproducibility and replicability in science

Reproducibility means obtaining consistent computational

results using the same input data, computational steps, methods, 

code, and conditions of analysis

Replicability means obtaining consistent results across studies

aimed at answering the same scientific question, each of which

has obtained its own data

Accuracy

Precision

Consensus Report, 2019



Studies reporting the prevalence of 

irreproducibility

Freedman et al, PLoS Biol 2013



Costs and categories of irreproducibility:

lack of a standard and best practice framework

(Freedman et al., PlosBiol, 2015)







JAMA, 2006

Methodological Quality of Animal Trials (n=76)

Neuron, 2014



“Evidence” in translational perspective

Tempo: 1-15 anni

Costo: fino a 1miliardo$

Attrito: 1:100000



SHORT COURSE 3

Optimizing Experimental 

Design for High-Quality Science

Che fare???

formazione

SHORT COURSE 3

Record Keeping and 

Data Management for High-Quality Science 



Formazione: il disegno sperimentale

Hypothesis-driven research is based on scientific theories, while exploratory is

based on a search for discovery backed by few theories or none at all (+ data-

driven research)

NIH guidelines:

"A strong grant application is driven by a strong, solid hypothesis with clear research objectives. 

The specific aims are a formal statement of objectives and milestones of the research project 

towards testing the hypothesis.”

• The research is driven by best practices (how to do and test science), and it's easy for 

peer reviewers to separate good from bad science based on the research methods

• Those with a realistic chance to prove what they set out to find and have the biggest 

impact for the public's benefit tend to receive the federal research dollars

Exploratory research, however, is driven more by hope and chance of 

discovery (“high-risk projects”)



Il disegno sperimentale

The survey revealed problems in the design, analysis and reporting of animal studies.

Only 12% of the 271 articles reported the use of randomisation and the use of blinding was 

reported in only 14% of the studies that used a qualitative outcome. This suggests that the vast 

majority of the studies made no attempt at reducing subjective bias that occurred when the animals 

were assigned to groups and when results were assessed.

Only 70% of the publications that used statistical methods fully described them and presented the 

results with a measure of precision or variability.

Only 59% of the studies included all three of the following important pieces of information: the 

hypothesis or objective of the study; the number of animals used; and characteristics of the 

animals (i.e.species/strain, sex, and age/weight).



Il disegno sperimentale

Conducting a pilot study

A pilot, or feasibility study, is a 

small experiment designed to 

test logistics and gather 

information prior to a larger 

study, in order to improve the 

latter’s quality and efficiency.

Example, for efficacy study:

-establish the end-points

-Information on precedure 

severity

-….



3R and regulatory framework

PRESENTAZIONE DI UN PROGETTO DI RICERCA  AI SENSI DEL Art 31 D. L. 26/2014

17. Razionale dello studio
Stato delle conoscenze (Giustificare lo studio con adeguati riferimenti bibliografici)

Originalità e/o interesse dello studio (valore scientifico)

Eventuali ricadute nell'ambito della salute pubblica e/o animale (valore sociale)

Eventuale impatto nel settore economico-industriale (valore economico)

Eventuali ricadute nell'ambito della formazione (valore didattico)

18. Descrizione dei fini del progetto di ricerca (Art. 5, comma 1):

Ricerca di base

Ricerca traslazionale o applicata

Prove di tipo regolatorio

21. METODOLOGIA E TECNICA DELL'ESPERIMENTO (va spiegato dettagliatamente …)

21.1 Criteri di selezione del campione (… criteri di inclusione e l'eventuale suddivisione dell'unità campionaria 

in gruppi)

21.2 Considerazioni statistiche (come è stato determinato il numero di animali)

21.3 Tecnica di esecuzione della procedura (descrivere il protocollo sperimentale con particolare 

riferimento alle procedure indicate in seguito)



Che fare???

lab policy

• Clear study design (to be included in the methods section)

• Appropriate lab notebooks

• Materials concerns

• Statistical power: PoP vs efficacy vs safety studies

• Pre-registered statical analysis

• Blind + pre-registered exclusion criteria

• Biological vs technical replicates

• Data repository: Animal personal health record, Movies 

archives, Tissue banking, Cell banking, DNA banking

G*Power



2013

2009-2015

RCUK Policy and Guidelines on Governance 

of Good Research Conduct

Che fare???

Politiche istituzionali

• Research Integrity guidelines(Good Science Practice)

• “condotta scorretta nella ricerca” (Research Misconduct)

• Regolamento di Ateneo per l’integrità scientifica nella

ricerca

• Documento sull’integrità della ricerca



Possible initiatives

lab + editorial policies

•Focus on novelty

•Negative results

•Founding and Editorial policies 

(errata corrige)

•SOPs sharing

•Public raw data repository

•Replicates & Multicenter preclinical 

trials (stroke, sci, …)



Possible initiatives

scientific community policy
Springer Nature Research Integrity Group (SNRIG)

Study design:

Sample size

Rules for stopping data collection

Data inclusion/exclusion criteria

Outliers

Selection of endpoints

Replicates

Research objectives

Research subjects or units of investigation

Randomization

Blinding



Possible initiatives

scientific community policy

preclinical randomized 

controlled multicenter trial 

(pRCT)

pRCT: stroke mouse 

a year and four months and cost a total of 

$180,000 or €165,000 (€30,000 for the cost of the 

drug)
5 August issue of Science Translational Medicine, 2015

Meta-analysis

“Meta-analysis is a quantitative, formal, 

epidemiological study design used to 

systematically assess previous 

research studies to derive conclusions 

about that body of research”

Haidich, 2010



The next future

Ogilvie, 2017

In silico models 4P medicine

ML/AI



…... grazie …..
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