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Executive summary 
 

The focus for PERMIT WP5 is two-fold, involving: 1) mapping of the current preclinical methods (in 
vivo, in vitro and in silico) for translational development of stratified therapies and treatment selection, 
in both the academic literature and the pharmaceutical industry, and 2) hosting a series of working 
sessions and workshop to develop and disseminate recommendations on personalised medicine 
research methodology, aiming to ensure scientific excellence, validity, robustness, reproducibility, and 
acceptability of results.  
 
For the first major task, a scoping review was conducted with a broad focus on preclinical 
methodologies, highlighting the gaps which prevent the existing pre-clinical model systems to be 
broadly used for personalised medicine, as well as the emerging models proposed to replace the 
traditional animal models. In addition, a survey was prepared and distributed to representatives of 
experimental and translational medicine experts from the pharmaceutical industry; the aim here was to 
map out the different patient stratification strategies currently undertaken by industry to better 
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understand the challenges and opportunities in the translational development phase of personalised 
medicine clinical trials. 
 
Between May and June 2021, focus groups for each of the preclinical methodologies (in vivo, in vitro 
and in silico), consisting of relevant experts, discussed the identified gaps. A main workshop was held 
in September with the aim of reaching consensus and publishing recommendations on preclinical 
methodological standards to ensure enhanced personalised medicine research. 
 
Through the consultation process we identified five main points to focus on for the recommendations: 
 

1. Clinically relevant translational research   
a. Model validation standards  
b. Evidence-based use of model systems 
c. Combination of models to model inter-patient variability 

  
2. Robust model development  

a. Model validation  
c. Quality assessment systems  
d. Funding and reward for work with standardisation and quality control 

 
3. Transparency and Education  

a. Accurate reporting and transparency 
b. Publication and academic reward system 
c. Stakeholders’ Education and Training   
 

4. Revised regulation  
a. Patient centric and patient derived models 
b. Standards for evaluating models for relevance 
c. Reconsider the existing pipeline 

  
5. Relationship with clinical research  

a. Patient centric research 
b. Infrastructure and human resources 
c. Dedicated clinical translational centres 

 

More robust and reliable preclinical research for PM is only possible if preclinical translational models 
are clinically relevant and predictive for the outcome in patients. The choice of preclinical models must 
be evidence-based, and researchers should demonstrate awareness of the limitations of the model 
when interpreting results. In addition, complex disease modelling requires the use of several models, 
which represent different features of the disease. 
Quality and reproducibility are key aspects and specific policies aimed at ensuring research rigor should 
be implemented as well as guidelines and best practices. Regulators and ethical committees should 
have harmonised guidelines and standards for evaluating preclinical evidence. 
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The development of robust preclinical models must be supported by various stakeholders (researchers, 
clinicians, regulators, industry, patients) and transparency, open science and education are required 
for maximising the quality and reliability of research. Finally, a new human-centric approach for the 
drug development pipeline should be considered. In fact, preclinical research should be directly 
connected to clinical research, and clinical research centres should have the knowledge of reliable 
translational models and the capability to connect it with patients in the clinic.   
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DISCLAIMER 

 

This document contains information which is the proprietary to the PERMIT Consortium. Neither this 

document nor the information contained herein shall be used, duplicated or communicated by any 

means to any third party, in whole or in parts, except with prior written consent of the PERMIT 

Coordinator. 

 

The information in this document is provided "as is", and no guarantee or warranty is given that the 

information is fit for any particular purpose. The document reflects only the authors’ view. The PERMIT 

Consortium is not responsible for any use that may be made of the information it contains. The user 

uses the information at its solo risk and liability. 
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1. Background 
 
The introduction of personalised medicine (PM) has manifested a need for preclinical models that can 

generate reliable and predictive data. There is an increasing development of methods which aim to 

integrate the expanding molecular categorisation of diseases and reflect patient stratification. 

Despite the progress in developing innovative and complex preclinical model systems, to date there 

are fundamental deficits in translational methods that prevent the further development of PM. 

By carrying out a scoping review and a gap analysis we identified five critical points; (1) the lack of 

clinically relevant experimental models, (2) the lack of standardised protocols, validation procedures 

and quality assessment of methods, (3) the lack of accurate and transparent reporting, (4) the lack of 

a harmonised regulatory framework for assessing preclinical evidence and (5) the need for more 

collaboration between preclinical and clinical research.  

 

Although these pitfalls are not new in preclinical research, there is a significant need for guidelines and 

standards to improve translation and enable PM development.  In order to address the identified gaps 

in the context of the PERMIT project, WP5 gathered field experts for a series of consultations where 

challenges and possible solutions were discussed.  A final workshop comprising a broad range of 

preclinical stakeholders was held to develop recommendations for more robust and reproducible 

preclinical research in the PM domain. 
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2. Approaches (Methods) 
 

We followed four steps in developing the final recommendations: 1) Scoping review of the literature, 

2) Working sessions with experts in the field, 3) Main workshop, 4) Final set of recommendations 

(Figure 1). 

 
Figure 1. Development process 
  

 

2.1 Scoping review 
We first conducted a scoping review, which was previously reported in the deliverable D2.3, to collect 
available evidence on the translational research for treatment selection in the context of PM.  

2.2 Working sessions 
We conducted four consultations with PM preclinical experts, between May and June 2021, which 
aimed to discuss different aspects of translational research for treatment selection. Specifically, the 
meetings covered the following: 1) working session with the pharmaceutical industry; 2) working 
session on in vivo models in PM 3) working session on in vitro models (organoids, 3D culture, organ-
on-chip) for PM; 4) working session on in silico models for PM. In addition, a survey was sent out to 
stakeholders in the pharmaceutical industry, to better understand the approaches that industry uses in 
developing a patient stratification strategy. The results (reported in D5.1-Industry survey) helped to 
refine the questions for these consultations. 
 
2.2.1 Pre-reading material 
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Pre-reading material was circulated before the meetings. It was prepared by putting together the 
conclusions from the scoping review and the gap analysis workshop. in addition, for the industry 
working session, the report of the industry survey was distributed. The “take-home messages” were 
shared with all attendees and used to generate the questions/discussion points for the main workshop. 
 

2.2.2 Participants  
An initial list of stakeholders of the PM ecosystem (based also on suggestions from the PERMIT project 
consortium) was created by the PERMIT Project Manager (PG) and then shared with all WP 
coordinators for further suggestions on expert names related to their WP domain. Based on the shared 
list, as well as experience within the field, WP5 coordinators invited experts in PM and preclinical 
research. In particular, field experts onr the different preclinical models were selected, in addition to 
representatives of the private sector, regulators, clinicians, patient representatives and other relevant 
stakeholders to participate in the working sessions, according to the topic discussed.  The 
characteristics of the participants are listed in table 1 below. 

 
 

Table 1List of experts consulted in working sessions 

Attendant profile Expertise Affiliation Working 
session 
attended 

Academic researcher, clinician Preclinical models Italian National Cancer 
Institute (IRCCS) 

1, 3 

Industry representant Translational medicine, industry Idorsia 1 

Industry representant Preclinical models, industry Boehringer-Ingelheim 1 

Industry representant Preclinical models, industry Menarini Silicon Biosystem   1 

Industry representant Preclinical models, industry Immunering 1 

Industry representant Preclinical models, industry, 
orthotopic PDX models 

Certis Oncology 1,2 

Industry representant Preclinical models, industry BerGenBio 1 

Industry representant Preclinical models, industry GlaxoSmithKline 1 

Regulator Preclinical models regulatory affairs Merck KGaA 1 

Academic researcher Evidence-based laboratory animal 
science 

Radboud UMC 2 

Clinician, academic researcher Neurology and Translational 
Neuroscience 

University of Edinburgh 2 

Academic researcher Pharmaceutical sciences, animal 
models 

University of Utrecht 2 

Academic researcher Biomedical research, 
Preclinicaltrials.eu initiative 

UMC Utrecht 2 

Academic researcher Neuro-oncology, EuroPDX member Luxembourg Institute of 
Health 

2 

Industry researcher Behavioural neuroscience, animal 
models 

Max Planck – PREMOS 
initiative 

2 

Patient representative Oncology, biomedical sciences EC Cancer-mission board 
member 

2 
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Researcher Biomedical research, 
Preclinicaltrials.eu initiative 

Preclinicaltrials.eu (daily 
director) 

2 

Academic researcher, clinician Oncology, organoids for patient 
stratification 

National Cancer Institute, 
Netherlands 

3 

Academic researcher Organ-on-chip models University of Tuebingen 3 

Academic researcher, clinician Rheumatology, translational 
models 

RegMed XB, KU Leuven 3 

Biomedical engineer  3D-micro-bioengineering University of Porto 3 

Academic researcher, clinician Cellular models for osteoarthritis University of Oulu 3 

Researcher Omics, data Istituto di Ricerche 
Farmacologiche Mario 
Negri - IRCCS 

4 

Academic researcher Multi-scale and multi-physics 
modelling of biological processes 

KU Leuven 4 

Academic researcher In silico models of biological 
processes 

University of Bologna, 
Rizzoli Orthopaedic 
Institute 

4 

Academic researcher Systems Oncology University of Helsinki 4 

Industry researcher Structural genome analysis 
research 

Max Plank Institute for 
molecular genetics 

4 

 

2.2.3 Key points/questions for the discussion in 1) working session with the pharmaceutical 
industry  
 
Background 
 
Despite the large development of pre-clinical models, their application in PM approaches is not a reality 
yet. Patient-derived screening assays (organoids, cell lines, animal models) and in silico models are 
applied for stratifying patients in oncology, but the methods have limitations. There are few other 
disease areas which apply preclinical patient stratification. In Europe there are several ongoing projects 
(ICPerMed/ERA-PerMed community) applying this strategy, however these projects are still in early 
stages, and some of the novel methods they aim to implement still face many challenges in terms of 
validation and reliable prediction. 
The development of patient-stratified therapies can be effective, but it needs stronger resources for 
validating biomarkers, identifying suitable pre-clinical models, and subsequently demonstrating clinical 
utility of the stratified approach.   
Industry is becoming increasingly aware of the potential impact of stratification strategies in drug 
development and the expected benefits for the patients. However, PM includes inherent challenges 
and is weighed down by obstacles in research, in particular in relationship with validation and 
reproducibility. Moreover, without incentives, the main driving forces, in particular the pharmaceutical 
companies, may not invest adequately in research and development. The uncertain impact on market 
size and doubtful commercial advantages contribute to create an unclear landscape that seems to 
prevent the companies from moving forward.    
These key aspects, retrieved by the PERMIT Industry survey, were discussed during the focus group 
meeting.  
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Questions leading the discussion 
• Can the current translational models support a more personalised medicine approach? Are there 
any feasible clinically representative models for personalised approaches?  
• To date, is it possible to recapitulate the individual phenotype of patients in preclinical 
models? Examples?   
• Is there an established process that guides the choice in industry for the right preclinical model 
for patient stratification?   
• Can better harmonisation and standardisation of preclinical research improve translation of 
effective treatments?   
• Are you developing emerging non-animal methods or collaborating for their development? 
What criteria are you applying for introducing them in your drug development pipeline?   
• What bottlenecks are you experiencing at preclinical levels at the regulatory side? What 
development would you like to see happening in the future?   
 
 
Take home message(s) 
 
Preclinical models for PM – proof of concept 

 Different opinions about the ability of current translational models of supporting personalised 

approaches: 

o Yes, if implemented properly and/or associated with omics data. 

o No, obtain preclinical safety data and then move straight to clinical research. 

 Preclinical data need to be contextualised and address clear questions (e.g., 

pharmacodynamics). 

 Preclinical models are most relevant for understanding biology and biological pathways. 

 Personalised approaches are mainly developed in the clinical space. The philosophy is moving 

forward as quickly as possible from the preclinical step. However, different workflows could be 

applied in context of oncology or other diseases. 

 

Regulatory perspective 

 The perception of the regulatory standpoint is that, translating safety from animal to human 

should be the real key point 

 Regulators rely more on clinical rather than preclinical evidence before allowing a stratified trial. 

 Bottlenecks in regulation from an industry perspective: 

o Convincing them that new and innovative approaches are safe 

o Time - They always want repetition, additional data 

o Conservative approaches preferred  

o Preclinical models are often focused on mechanism of action (MoA), while regulators are 

focused on safety 
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o Combination therapies approval à additional data required, long timelines 

o Innovative models for replacing animal models – lack of scientific understanding and often 

limited amount of time to evaluate the evidence. 

 Smaller pharmaceutical companies tend to use preclinical models they are familiar with, rather 

than using new and more advanced ones. Not always because of budget constraints, but mainly 

because regulators prefer conservative approaches. Big pharma is more eager to use new 

models as long as they trust the way the model has been developed. 

Collaborations 

 Industry is willing to collaborate with both contract research organization (CROs) and academics 

depending on the scope. Academia could have novel and outstanding models, often is cheaper, 

but the timeline is longer. CROs have more standardised workflows and shorter timelines. 

Efficacy studies are done in house if we have the models, otherwise outsourcing to CRO or 

academic facilities. 

 These data should be clear and validated. 

Novel approaches 

 Preclinical trials using PDX models in oncology: 

o CONS:  

 They cannot recapitulate tumour microenvironment, tumour-host interaction, nor 

allow exploration of combinations with immunotherapies.  

 a lot of PDX data translate to human data, but the approach can be slow, and PDX 

biobanks are needed rather than "patient avatars" (i.e., implant patient material in 

mouse and test drugs to predict response in patient, this is too slow) 

o PRO:  

 more clinically relevant than traditional mouse models from a regulatory 

perspective.  

 They are used as door openers to the human clinical trials. 

o In industry PDX models are analysed (molecular profiling) 

 Ongoing development of new preclinical models, often departing form patient materials. But at 

the end in vivo models are used anyway.  

Other issues 

 Lack of method reporting and lack of reporting of negative results  

 Access to the preclinical data supporting clinical trials is challenging.  

 Issue about transparency and open-access science to attempt reproducibility of results.  

 Industry is conservative and tends not to share information also for competitive reasons. 

However, things are slowly changing, and industry is understanding the importance of 

collaborations. 
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 EU supporting initiatives for standardisation and quality – FDA more advanced than EMA on this 

2.2.4 Key points/questions for the discussion in 2) working session on in vivo models in 
personalised medicine 

 
Background 
 
The introduction of PM has manifested the need for preclinical models which can generate accurate 
and predictive data. Animals, and in particular rodents, are by far the most used preclinical method to 
demonstrate proof-of-concept, mechanism of action and safety of new drugs. However, the high 
attrition rates of new therapeutics suggest that the current model systems do not allow for efficient 
translation. 
Animal models provide an important instrument for understanding pathogenic mechanisms, identifying 
drug targets, and developing new therapeutic approaches. However, the increasing molecular 
categorisation of diseases and the development of targeted and personalised therapies has underlined 
the need for animal models that can recapitulate the human phenotypes of diseases and discriminate 
between successful and unsuccessful treatments. In oncology, patient derived xenograft models (PDX), 
particularly if orthotopic and humanised, can fulfil the requirements of a personalised model, but 
challenges remain, highlighting the need for stringent procedures to ascertain validity, both in terms of 
internal validity (the experiments ability to identify causal relationships) and external validity (the 
model’s predictive power). 
 
Questions leading the discussion 

 Can the current in vivo models support a more personalised medicine approach? Are there any 
feasible clinically representative animal models for personalised approaches?  

 How can we ensure that the animal models used to test efficacy and safety prior to first-in-
human studies are clinically relevant and validated?   

 Can better harmonisation and standardisation of animal research improve translation of effective 
treatments?   

 Which strategy should be used to implement standardisation of  
protocols and encourage collaborative biobanks?  

 Pre-registered protocols, similar to clinical trials, to improve transparency, can this also 
improve quality? 

 Regulation of clinical relevance of animal models – is this a path for better translation? 
 
 
Take home message(s) 
 
• There are animal models that can support a personalised approach for simple genetic disorders, 
and to some extent represent patient phenotypes in oncology. But for diseases with a multifactorial 
aetiology or very heterogeneous patient populations, animal models can currently only answer specific 
questions, not replicate stratification.  
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• Instead of looking for one “perfect” model, it is better to use a suite of models which together 
represent aspects of an individual patient’s disease or a group of patients.  
• It is important to start with the correct research question before choosing the model – use patient 
organisations to help define the correct research priorities. 
• To ensure that the animal model is relevant, use systematic reviews to look at the available 
evidence on the model first - to better understand what the model can or cannot do and to build evidence 
on predictability. 
• There is a lack of standards to evaluate the advantages and limitations of model systems. 
• Standardisation of methods can improve quality and potentially reduce bias, but it will not 
improve translation, testing in heterogenic conditions is important.  
• Reporting in a transparent manner is vital. The lack of accurate reporting in animal studies is a 
challenge, despite endorsement of the ARRIVE guidelines.  
• Pre-registration of animal experiments can improve transparency, and should be made a legal 
requirement, either through the funding bodies or the ethical committees.  
• Journal requirements and the academic reward system is an obstacle for detailed methods 
description, and this can be solved by not counting words for methods, or separate methods papers. 
• Funding and rewarding data validation science is important. 
• Quality assessment systems are being developed for labs and academic institutions. If a quality 
development system is a requirement for funding, it will give institutional motivation to train and mentor 
its researchers to best practice. 
• Education and training are important, to create awareness about quality initiatives and change 
mind-sets. 
• Do not to lose sight of the human focus in translational endeavours and encourage openness 
and collaboration are key points. 
 

2.2.5 Key points/questions for the discussion in 3) working session on in vitro models 
(organoids, 3D culture, organ-on-chip)  

 
Background 
 
Cell culture techniques have been used by researchers for more than 100 years, and for much of that 
time two-dimensional (2D) monolayer cultures were the gold standard in determining the in vitro efficacy 
and safety of drug candidates. In the last few years, however, there has been a push to develop 
increasingly complex in vitro models, such as three-dimensional (3D) cell culture and micro 
physiological systems, which can more accurately recapitulate the physiologic features observed in 
patients, and potentially allow personalised approaches. 
Both human lymphoblastoid cell lines (LCL), induced pluripotent stems cells (iPSCs) and patient 
derived cellular models have been used successfully in drug screening for the most effective therapy 
in both oncology and brain disorder, but these models are limited by the lack of perfusion and 
biochemical and physical interaction with the surrounding microenvironment. The development of 
organ-on-chip-technologies attempts to more accurately model personalised drug therapy, but there 
are still technical, regulatory and ethical challenges to be overcome before patient-derived organ chips 
are available for clinical evaluation of PM strategies. 
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Questions leading the discussion 

 How are cellular models currently being used in a PM approach?  Are there any feasible 
clinically representative in vitro models for patient stratification?  

 How can we ensure that the models are validated and relevant? 

 Can better harmonisation and standardisation of protocols and collaborative biobanks improve 
translation of effective treatments?  

 What are the main hurdles to use these models to support a first-in-man clinical trial?    

 What is needed to advance these models to regulatory acceptance? 
 
 
Take home message(s) 
• 2D cellular models are quick, high throughput and reproducible, but not a good representation 
of heterogeneous patient diseases. More complex and biologically relevant patient-derived 3D in vitro 
models bring intrinsic challenges in reproducibility.  
• Organ-on-chip models are promising models which could represent a fit-for-purpose 
personalised aspect of patient disease in the future. 
• It is important to have a realistic evaluation of what a model can do and its limitations, not 
focus on current academic trends and hype. 
• To get the full picture of a disease it is important to use several models, which represent 
different features of the disease. 
• Modelling the inter-patient variability of the immune system is a key challenge. 
• Systematic validation and large inter-laboratory studies are important to achieve 
standardisation of models, there are many biochemical and biomechanical factors which will influence 
results. 
• Another challenge is the gap between the academic and industry setting, with issues relating 
to publication bias versus robustness, because extensive screening is not publishable, and funding 
mechanisms are missing. Publicly funded dedicated test centres could be a solution. 
• Development of personalised approaches can be facilitated through dedicated translational 
centres, with active involvement from patient organisations. There is a lack of these in Europe. 
• There is need for targeted public funding and preclinical dossiers to develop the infrastructure 
of patient focused translational centres, with a reward system for human resources for making 
advances that are sustainable and robust over time.  
• Consider a new human-centric approach for the drug development pipeline, using human cells 
with varying degrees of complexity and combining it with in silico and in vivo studies to define PK 
parameters and eventually toxicity. 
• Transition is the key for implementation of novel methods, running parallel regulatory programs 
could be a way to increase confidence in new approaches. 
 

2.2.6 Key points/questions for the discussion in 4) working session on in silico models for PM.  
 
Background 
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Frequently, the term in silico refers to treatment prediction that is performed on a computer or via 
computer simulation, and the techniques can be summarised as the process of integrating 
computational approaches to biological analysis and simulation. In this context, the goal of in silico 
modelling is the detailed understanding of the function of molecular networks as they appear at different 
biology levels. This is achieved by using a level of mathematical abstraction that needs a minimum of 
biological information to capture all physiologically relevant features of a cellular network. However, the 
term in silico is also used to indicate the translational use of modelling and simulation, i.e., ‘the direct 
use of computer simulation in the diagnosis, treatment, or prevention of a disease’; but this extension 
can lead to confusion. To date, the term in silico medicine is not rigorously defined and needs to be 
clarified.   
In the context of in silico medicine, the term ‘in silico clinical trials’ refers to the development of patient-
specific models to form virtual cohorts for testing the safety and/or efficacy of new drugs. In fact, 
undesirable pharmacokinetics and toxicity are significant reasons for the failure of drug development in 
the late stage, and although in vitro and in vivo drug evaluation techniques are currently more mature 
in preclinical applications, these technologies are costly. Therefore, in silico preclinical models could 
potentially be widely used to evaluate the relevant properties of drugs in the preclinical stage and 
address the translational issues in several ways, by evaluation of a proof of concept, safety, mechanism 
of action and efficacy in the early phases of the drug development process. Moreover, the analysis and 
integration of preclinical data could lead to a much more quantitative explanation which factors could 
be involved in patient response and therefore support a patient stratification strategy. The capacity of 
the model to capture knowledge and data in an explicit and formalized way and to eventually reflect 
any inaccurate or incomplete information can supplement drug discovery at early stages, before in vitro 
and in vivo studies. In silico models using other preclinical data can be used effectively in preclinical 
studies to optimize dosage administration and predict the overall performance of the optimized 
schedule.   
Despite the enormous opportunities related to in silico models, a full-scale adoption of patient-specific 
modelling and simulation in healthcare and in the regulatory process is still far from reality. The most 
important aspect is that anything a mathematical model can predict descends from the knowledge used 
to build it and the data used to inform it. Data modelling can predict more properties, but its prediction 
accuracy depends on the quality and quantity of data. Also, there is a need for harmonisation of the 
different data resources, and importantly, a lot of the data are derived from preclinical models, which 
bring with them their own limitations in the interpretation of results. In summary, the inadequacy of key 
sensitivity parameters, the absence of defined guidelines for obtaining high quality clinical data, and 
the lack of model validation to ensure that the outputs are safe, accurate, reproducible and clinically 
relevant are key challenges to be address before in silico models will be applied in a personalised 
medicine context. 
 
Questions leading the discussion 
• Definition of in silico preclinical models and difference with classical AI algorithm for patient 
stratification.  
• How can computer modelling, and simulation help preclinical research to address the individual 
variability of drug response?  
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• What are the criteria for developing reliable in silico models for the evaluation of a proof of 
concept in the early phases of the drug development process?  
• How can the scientific community ensure collection of high-quality data and their harmonisation?   
• How can we ensure a high prediction accuracy of in silico preclinical models?  
• How can the predictions of in silico preclinical models be validated?  
• How close are we to relying on in silico preclinical models for patient stratification in personalised 
medicine domain?  
• Where does the use of in silico preclinical trials stand from a regulatory point of view? How can 
it be improved? What needs to happen for an actual and wider regulatory use of in silico approaches 
for patient stratification in clinical setting? 
 
 
Take home message(s) 
• To date, the term in silico medicine is not rigorously defined. Generically the term is used to 
indicate any predictive model based on computer modelling and simulation in all areas of medicine. In 
silico preclinical models may refer to predictive models developed using preclinical data (from in vivo, 
in vitro models), while classical AI algorithms are based on data from patients. Therefore, talking about 
AI methods for patient stratification we are referring to in silico clinical trials. However, there is no 
consensus about this. Preclinical is what happens before clinical trial, and an in silico method based on 
patient data is also often classified as preclinical. NCI define preclinical as: Preclinical studies take 
place before any testing in humans is done. Digital twin or digital patient are technologies used to 
support clinical decision making. 
• There is a continuum between preclinical and clinical research. In oncology there are some in 
silico models application, but often they are not preclinical. In fact, there is no need to force to do all 
the steps classically part of the drug development process (in vitro  in vivo  patients). In silico 
models often support this.  
• Although some predictive models have been used in the drug development pipeline, in silico 
models for personalised approaches are not well developed and broadly used yet. We are at the 
beginning, especially with the individual characterisation of patients.  
• Regulation around in silico models for medical devices development is somehow defined, while 
there is almost nothing for drug development. So far, PB/PK/PD models (= Physiology based 
Pharmacokinetics and pharmacodynamics model) have been accepted by FDA and EMA. 
• The scientific community is aware of the lack of standards and high-quality data related issues 
that prevent reproducibility and some initiatives (European Open Science Cloud (EOSC), iHD, B1MG, 
EUstands4PM project) work hard for reaching a consensus.  
• High quality medical data are expensive to obtain, harmonise and store. In EU, research 
infrastructures support the creation of a quality framework. However, to date it is at an early stage. 
• Data interoperability is a new and important concept for drawing general conclusions. 
• Some research questions do not need fully accurate models to be answered. 
• Relevance of model validation. Validation depends on application and nature of the model. With 
mechanistic model: comparison of prediction to experimental results. With predictive models: regulators 
want all drug development tools to be qualified before their use. A lot of stages to be performed 
according to regulation  Regulatory requirements are challenging for the complete process. 
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• Bottlenecks preventing in silico models for PM further development and implementation: 
 Innovative technology 
 Data related issues; including computational capacity  
 Model validation 
 Regulation  
 Education and communication- stakeholders need to be educated 
 Scalability - When simulating a phase three clinical trial, you need a lot of computational 

power, and you need to have very efficient computational processes if you want to stay 
in reasonable period.  

 Not clear business model for in silico trial services. 
 Different stakeholders’ engagement 

 
 

2.3 Main workshop 
 
The workshop titled “Recommendations for robust and reproducible preclinical research in personalised 
medicine” was held on September 1st, 2021. The basis of this workshop came from extensive mapping 
of the literature and the series of dedicated consultations with preclinical research experts previously 
described, with discussion around the main gaps in preclinical methods for PM.  
The agenda was developed around five main areas:  
 

1. Translational research 
2. Robust model development 
3. Transparency and Education 
4. Regulation  
5. Relationship with clinical research.  

 
The aim of the meeting was to establish a foundation for the development of recommendations around 
robust data generation and optimal use of in vivo, in vitro and in silico preclinical models for patient 
stratification. 
During the workshop the following presentations were held: 

• The European Commission’s Joint Research Centre (JRC) presented the work they do in 
developing non-animal models in preclinical research for personalised medicine 

• The PAASP (Partnership for Assessment and Accreditation of Scientific Practice) gave a 
presentation on the EQIPD (Enhancing Quality in Preclinical data) project. 

• The European Commission’s (EC) unit for open science gave a presentation titled: 
“Commission’s initiatives to reward open science”. 

2.3.1 Participants  
 
The workshop gathered fourteen preclinical research stakeholders with different expertise 
(researchers, clinicians, PERMIT partners, industry representants, regulators, patient representative) 
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and from different initiatives. Eight of them had already participated in the previous working sessions. 
The affiliations and expertise of the main workshop attendants are summarised in table 2. 
 
Table 2List of experts consulted in the main workshop 

Attendant profile Affiliation Expertise 

Academic researcher, clinician  UiB/Haukeland University hospital, Norway Oncology 

European Commission representant European Commission Open Science 

Academic Researcher, clinician National Cancer Institute, Italy  Oncology models 

European Commission representant Joint Research Centre,  
European Commission 

Preclinical research, 
alternative methods 

Academic Researcher Istituto di Ricerche Farmacologiche Mario 
Negri, Italy  

Pharmacology, in silico 
models 

Academic Researcher KU Leuven, Belgium In silico modelling 

EQIPD society Member PAASP Quality and reproducibility 

Academic Researcher University of Helsinki, Finland In silico models, oncology 

Academic Researcher University of Oulu, Finland - President of the 
Osteoarthritis Research Society International 
(OARSI) 

Osteoarthritis models 

Regulator, industry representant Merck Group Assoc. Director Global 
Regulatory Affairs  

Patient representant European Patient Federation Patient engagement 

Industry Researcher Responsible Research in Practice Animal welfare, research 
integrity 

Industry representant GlaxoSmithKline Molecular imaging 

Academic Researcher Radboud UMC, Netherlands Laboratory animal science 

 

2.3.2 Development of the questions to address in the workshop 
 
Questions leading the discussion 

• Which strategies can ensure that patients are involved in defining research questions and 
that there is evidence that the translational models are clinically representative for PM 
approaches? 

• What developments would you like to see in the future that will ensure more reliable and 
translational preclinical models for PM? 

• What are the most clinically relevant animal models that could be used in the preclinical 
phase? 

• Which strategies can be applied to ensure that preclinical models for PM are robust and 
validated? 

• How can we improve transparency of preclinical data, both from academic institutions and 
from the pharmaceutical industry?  

• How can we build an accurate and transparent system for reporting in preclinical research? 
• How can we improve transparency of preclinical data from the pharmaceutical industry? 
• Is the European commission looking into the practice of registering preclinical experiments, 

so that results are shared regardless of whether they are positive or negative? 
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• Which strategies can ensure evidence-based education of young researchers in preclinical 
research? 

• There is a lack of guidelines and standards for regulators and ethical committees to evaluate 
if preclinical evidence is clinically relevant. How can this be improved? 

• How can we change the actual regulatory pipeline and making it more flexible and adequate 
for PM approaches in preclinical research? 

• How can clinicians and patients’ involvement in the preclinical research pipeline be 
improved? 

• Which strategies can be used to improve preclinical-clinical research interactions? 
 
Pre-reading material 
Pre-reading material was circulated before the meeting. It was prepared by summarising the 
conclusions from the four working sessions. 
 

2.4 Validation process 
 
The WP5 coordinators drafted the list of the recommendations, and a subset of experts who participated 
in the workshop has reviewed and validated them. The aim was to reach a consensus on the selection, 
priority and wording of a text covering the most relevant generic challenges in preclinical research and 
practical recommendations to address each of these challenges. 

2.5  Implementation 
A workshop, planned for March 2022, will be organized to discuss with all stakeholders how the 
recommendations will be implemented. Representatives from all key stakeholders, within the 
consortium and beyond, will be engaged in the preparation of this interactive workshop, and will be 
asked to describe how the recommendations can be integrated and implemented in their particular field 
as well as what measures should be taken to increase dissemination and uptake. 
 

3. Results 
 
3.1 Main conclusion from consultation process 
 
The WP5 coordinators finalised the recommendations departing from the main conclusions from the 
expert consultation (focus groups and main workshop) for each separate area, outlined below: 
 
1. Translational research 

• It is important to involve the patients in defining the research questions, but a better 
definition of patient engagement is needed, along with changes in the mindset of the 
community. 

• Preclinical research should be directly connected to clinical research, and clinical research 
centres should have the knowledge of reliable translational models and the capability to 
connect it with patients in the clinic. 
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• Increased emphasis for researchers to use the most appropriate/evidence-based 
model/method/technique is needed, as is increased awareness of the limitations of their 
model to avoid over extrapolating results. 

• Reliable preclinical methods that replicate patient stratification and better preclinical models 
for personalised medicine need to be developed. The European Commission has a focus to 
develop and validate novel non-animal methods through EURL-ECVAM, but there is also a 
need for standards and validation of animal experiments. 

• A combination of several models is needed to model personalised medicine, which means 
a need for more cross-disciplinary collaborations.  

 
2. Robust model development 

• Robust preclinical animal models need to be developed to allow for effective translation. 
• The EQIPD quality system is an initiative to improve preclinical research and is based on a 

set of requirements with a systematic approach to reduce bias and increase data rigor. This 
system should be broadly disseminated and adopted. 

• There is a lack of specific policies for ensuring reproducibility. 
• Education and training are fundamental, and there is a need to promote and fund more 

research in model validation. 
• Journals should have quality requirements for preclinical research, also in relation to clinical 

relevance and the method session should be without any word limit.  
• The research and innovation domain should be confronted with the needs and requests of 

the society, quality standards should come from the governments, for instance the Dutch 
Research Council have a made a request to increase the quality standards of the 
preclinical work they fund, and have actively funded replication studies and conferences on 
this topic (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7401546/).  
 

3. Transparency and Education 
• The European Commission’s (EC) Open Science program means an approach to the 
scientific process based on open collaborative work, tools, and diffusing knowledge. The 
adoption of this approach is encouraged to improve preclinical research outcomes. 
• The EC open science policy applies to all partners, including the pharmaceutical 
industry, data needs to be open according to the principle, “as open as possible and as closed 
as necessary”. Pre-registration of preclinical experiments should be encouraged.  
• Educate young researchers and promote that if research is designed, planned, and 
conducted rigorously and reproducibly it will generate valid, robust results worthy of publication 
irrespective of whether it is positive or negative. 
 

4. Regulation 
• Guidelines and standards for evaluating preclinical evidence need to be developed by 
regulators and ethical committees 
• Meetings with relevant stakeholders and regulators are important for trying to solve 
regulatory and ethical gaps in preclinical research. 
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5. Relationship with clinical research 
• Promotion of multidisciplinary groups is key. Researchers functionally part of the 
disease-oriented department, and all the research projects involve clinicians, to identify unmet 
medical needs. 
• Communication is important to bridge the gap and bring everybody around the same 
table and on the same leve 

A summary is presented in Table 3: 
 

Table 3Recommendations for robust and reproducible preclinical research in personalised medicine. 

Main gaps  Main Cause for gap  Main recommendation  

Gap #1  Lack of clinically relevant 
experimental models  

Cause 
#1  

Clinically relevant models 
not emphasised, 
complexity 
of personalised medicine, 
the need further 
technological advances   

Clinically relevant translational research          

 Model validation standards     

 Evidence-based use of model systems     

 Combination of models to represent inter-
patient variability    

Gap #2  Lack of standardised 
protocol, validation 
procedures and quality 
assessment  

Cause 
#2  

Preclinical models are 
often not robust enough for 
translation. Model 
validation not academically 
rewarded, time consuming 
and expensive  

Robust model development      

 Quality assessment systems      

 Funding and reward for work with data 
robustness     

Gap #3  Lack of accurate reporting, 
and reporting of negative 
results, leading to a lack of 
systematic reviews and 
meta-analyses on 
methods  

Cause 
#3  

Non-compliance with 
reporting 
recommendations, 
academic reward system 
for publishing positive 
results, competitive 
secrecy from industry  

Transparency and Education      

 Accurate reporting and transparency from all 
stakeholders   

 Open science   

 Preregistration of preclinical experiments 

 Stakeholders’ Education and Training       

Gap #4  Regulation - Lack of 
preclinical evidence 
relevance evaluation for 
regulators   

Cause 
#4  

Regulators and ethical 
committees 
lack harmonised evaluation 
methodology and 
standards for 
evaluating the relevance 
and robustness of 
preclinical evidence.  

Revised regulation   

 Patient centric and patient-derived models     

 Standards for evaluating models for 
relevance     

 Reconsider the existing pipeline     

Gap #5  Lack of involvement 
between preclinical and 
clinical research  

Cause 
#5  

Mindset of the medical 
and scientific 
communities, need 
for better definition of 
patient engagement  

Relationship with clinical research      

 Promotion of multidisciplinary groups   

 Infrastructure and human resources     

 Dedicated clinical translational centres  

 
3.2 Recommendations 
 
These recommendations are based on the conclusions of the WP5 consensus workshop. 
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Clinically Relevant Translational Research 
- Recommendation #1: It is imperative that preclinical translational models are assessed and 
developed to ensure they are clinically relevant and aimed towards the prediction of outcome in 
patients. 
- Recommendation #2:  The selection of preclinical models must be evidence-based, and 
researchers should demonstrate awareness of the limitations of the model when interpreting results. 
- Recommendation #3: Several models must be used when modelling complex disease, to 
represent different features of the disease. 
 
Robust model development 
- Recommendation #4: There should be a common implementation framework for robust and 
rigorous research, to provide reliable preclinical data prior to clinical trials. 
- Recommendation #5: Public stakeholders must support and promote robust model 
development through specific funding and policies. 
- Recommendation #6: Further efforts should be made to standardise, qualify and adopt 
innovative technologies. 
 
Transparency, Education and Stakeholders’ engagement 
- Recommendation #7: Transparent and reliable reporting and data sharing must be a 
requirement for both the academic and commercial sectors to improve the quality, credibility, and 
responsiveness of research. 
- Recommendation #8: Pre-registration of all animal study protocols in open access databases 
should be required by research funding bodies and/or research organisations. 
- Recommendation #9: All stakeholders must ensure that the education and training of 
researchers promote methods for high quality and reproducible preclinical research.  
 
Regulation 
- Recommendation #10: Regulators should ensure that preclinical models are clinically relevant, 
and patient derived.  
- Recommendation #11: Regulators and ethics committees reviewing and approving clinical 
trials should have harmonised guidelines and standards for evaluating preclinical evidence. 
- Recommendation #12: Regulators should facilitate the incorporation of novel patient-derived 
methods in the drug development pipeline. 
 
Relationship with clinical research and patient engagement 
- Recommendation #13: Active patient involvement in personalised medicine preclinical 
research should be facilitated and incentivised through public funders. 
- Recommendation #14: The development and infrastructure of dedicated patient focused 
interdisciplinary translational centres should be supported by targeted public funding. 
- Recommendation #15: All relevant stakeholders in personalised medicine development should 
encourage and facilitate interdisciplinary interactions to address the causes of translational failure and 
enhance efforts to develop robust research models. 
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4. Discussion and conclusion 
 
The conclusion of the WP5 scoping review is that PM development proves to be an extremely ambitious 
enterprise at the preclinical level (see Deliverable 2.4). We identified gaps belonging to different 
scientific domains and these can only be tackled through the involvement of all relevant stakeholders, 
from researchers to policy makers and regulators. The approach to tackling these challenges should 
be considered as aspects to work on, rather than obstacles. Preclinical research is an important pillar 
of personalised medical research, and if conducted in a robust and reliable manner it can be a driver 
for the field.  
The consultation process of preclinical experts highlighted that the development of recommendations 
might be challenging, but necessary to provide the preclinical community with some common guidelines 
which can enable further personalised medicine development. 
 
Another level of complexity is related to the implementation of the recommendations in the preclinical 
setting and effecting changes in the scientific community. In particular, a strong high level strategy 
needs to be put in place and lay the groundwork for improvement, growth and development of preclinical 
research. 
Raising awareness about preclinical challenges, and training key stakeholders to tackle them, is of 
outmost importance and to have a real impact we have to invest in this sense.  
 
The uptake of the WP5 outcomes from relevant stakeholders need to be facilitated and supported by 
all scientists working in the personalised medicine domain and research infrastructures. There is a need 
for improved collaboration between different research disciplines, industry, clinicians and patient 
organisations. 
 
A lack of resources can threaten the implementation strategy, but concrete action is needed to support 
further development of PM and prepare the next generation of stakeholders for future challenges in 
preclinical research. 
 

5. Next steps 

5.1 Manuscript preparation 
In the coming period we will prepare a manuscript to be submitted in a high impact journal, to facilitate 
the uptake of the recommendations from key stakeholders. 

5.2 Outreach and Dissemination 
To share and promote the developed recommendations in practice with the preclinical science 
community, further efforts in dissemination and in the organization of education and training activities 
are needed.  
A first objective is to publish a manuscript in a high-impact journal to widely disseminate the 
recommendations to the scientific community. This will not only raise awareness around the challenges 
identified, but also will provide concrete guidance to tackle them. 
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Secondly, a cross collaboration with international initiatives focused on personalised medicine is 
needed. We aim to engage with them and further disseminate the outcomes of WP5 participating in 
dedicated shared events, congresses and conferences.  
Finally, the education and training of junior (and senior) scientists is fundamental. Therefore, we plan 
to organise and participate in workshops, lectures and education and training programmes, within and 
beyond the PERMIT project, in which we will prepare the next generation of stakeholders for future 
challenges in preclinical research. 

 


