Avicenna
A strategy for in silico Clinical Trials

Concept and Philosophy
Logistics and Methodology

Welcome
We are proud to have been selected as facilitators for the challenging
process of drafting the roadmap for the introduction of in silico Clinical
Trials. Around a shared vision, the Avicenna project will develop and
promote this roadmap, and work to overcome the legal, financial,
organisational and technical barriers that could slow the adoption of
computer simulation in this domain.

How You Can Contribute
Over the length of the project till mid-2015 we are inviting
experts and stakeholders from various relevant domains to help
us by participating in discussions at a series of events. Avicenna’s
ambition is to bring around the table representatives from the
biomedical industries, researchers, developers of computational
technologies and regulatory agencies, in order to develop a precompetitive reflection of what in silico methods can offer, and
where there are scientific, technological, or regulatory barriers
that, if overcome would make the development of innovative
biomedical products easier, faster and cheaper.
The Avicenna Consortium
March 2014

This project has received funding from
the European Union’s Seventh Framework
Programme for research, technological
development and demonstration under grant
agreement no 611819
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Concept and Philosophy
Background to Avicenna
Avicenna (Abū ‘Alī al-Husayn ibn ‘Abd Allāh ibn Sīnā’),
was a Persian physician and philosopher (980-1037),
who first gave a formal structure to the process of
evaluating the effect of a treatment on a disease in
his most famous work, the Canon of Medicine. He
introduced systemic experimentation and quantification
of the study of physiology and the introduction of
experimental medicine, clinical trials, randomised
controlled trials and efficacy tests. The fundamental
nature of clinical trials has changed surprisingly little
since Avicenna’s time.

Avicenna’s Canon of
Medicine
(al-Qānūn fī al-Tibb )
The drug must be free from any
extraneous accidental quality.
It must be used on a simple, not a
composite, disease.
The drug must be tested with
two contrary types of diseases,
because sometimes a drug cures
one disease by its essential
qualities and another by its
accidental ones.
The quality of the drug must
correspond to the strength of
the disease. For example, there
are some drugs whose heat is
less than the coldness of certain
diseases, so that they would have
no effect on them.
The time of action must be
observed, so that essence and
accident are not confused.

The beginning of the 21st century, however, saw
the birth of in silico medicine, a completely new way
to investigate living organisms and the diagnosis,
treatment, or prevention of a disease through
modelling, simulation and visualisation of biological
and medical processes using computer simulations.
It is based on the use of Virtual Physiological Human
(VPH) models, which aim to integrate physiological
processes across different length and time scales
(multi-scale modelling) to provide improved predictive
and individualised healthcare.

The Avicenna Project
The European Commission (EC) is broadening its
investment in in silico medicine by funding the
development of a ‘roadmap’ describing the route by
which in silico techniques of computer simulation
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will be introduced into clinical trials, the studies
that are routinely conducted to establish the safety
and efficacy of new medical interventions.
This roadmap initiative Avicenna: A strategy for
in silico Clinical Trials, began in October 2013 and
will run till September 2015.
Avicenna is designed to cultivate consensus
amongst a broad range of stakeholders who
will come together to agree a research and
technological development strategy. This will
be achieved using a process called Alignment
Optimisation. As the initiative’s organisers, we are
inviting participation from all with an interest in
this goal, in order to assemble the best possible
far-sighted and comprehensive roadmap.
The project is co-ordinated by the University of
Sheffield and the consortium also includes three
partners – the VPH Institute, Lynkeus srl and
Obsidian Biomedical Consulting Ltd (see back page
for details).

The effect of the drug must be
seen to occur constantly or in
many cases, for if this did not
happen, it was an accidental
effect.
The experimentation must be
done with the human body, for
testing a drug on a lion or a horse
might not prove anything about
its effect on man
Avicenna Images courtesy of Wellcome
Library, Wellcome Images, London

Concept and Philosophy
The current situation with in silico clinical trials
Some medical devices are already tested in silico
on personalised models so that the best choice of
treatment can be made for each patient.
Computerisation already contributes to many aspects
of the drug discovery and development process,
especially by identifying promising compounds for
further
exploration.
Chemo-informatics,
virtual
screening, algorithmic protein structure modelling,
cellular drug transport simulation tools, and critical
assessment of automated structure determination are
all in routine use. Through the better understanding
and improved modelling of proteins/drug interactions,
molecular binding, drug absorption, distribution,

metabolisation and excretion, researchers will be able
to identify and test drugs for new uses, as well as
determine whether natural compounds have potential
as candidates for new drug development.
For many device designers their working methods
have long involved the use of computer-aided
techniques and, increasingly, anatomically-informed
individualisation has contributed to the understanding
and refinement of the product development process.
Now in silico clinical trials offer the possibility of
shortening and cost-reducing the time-to-market, by
extending the computational involvement through to
the regulatory phase of the process.
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Traditional versus in silico clinical trials

Concept and Philosophy
What are the benefits of
in silico Clinical Trials?
Currently, the testing of new medical treatments,
drugs and devices takes place in vitro – in a test
system, and/or in vivo – trials in living organisms, preclinically on animal models, clinically on patients; both
methods are costly. The former is often quite distanced
from reality, and the latter puts both animals and
humans at risk. The term in silico medicine indicates
the use of computer simulation in the design of new
biomedical products, and in the assessment of their
safety, accuracy, and efficacy.
The development of in silico trials will bring many
potential and actual benefits to all. In silico clinical
trials will be faster, cheaper and safer than traditional
clinical trials: by simulating the effects of biomedical
products on large numbers of “virtual patients” trials
will not only be improved, but the door will be opened
to in silico drug and device development, the key
step initially identified by the EC as being required
to support increased competitiveness for European
industry.

In summary, in the future, in silico trials will bring
many advantages including:
targeted drugs,
reducing the development cycle, reducing animal
testing, identifying problematic side effects,
creating tailored treatments, reducing cost and
increasing benefits on an individual and an
industrial level.

“Avicenna
will reduce the
costs and the risks
(both clinical and
financial) involved
in clinical
trials”

Project Avicenna’s Ambition
The Avicenna project will act as facilitator for the
challenging process of drafting the roadmap for
the introduction of in silico clinical trials. Around a
shared vision, Avicenna will develop and promote this
roadmap, and work to overcome the legal, financial,
organisational and technical barriers that could slow
the adoption of computer simulation in this domain.
Avicenna is designed
assumptions:

around

two

fundamental

The primary users of in silico clinical trials
technologies are the biomedical industries;
The nature of the type of research required is
pre-competitive; biomedical industries need to
collaborate around their development and use
to advance the necessary technology, methods,
protocols and standards, before competing in
the market.

Over 24 months the project will define the grand
challenges to make in silico clinical trials a reality. It
will:
Create a Roadmap for how we can begin to
explore systematically the manner in which
computer simulations can be used to improve
clinical trials of drugs, devices and biotechnology
products using in silico medicine. Applying such
a Roadmap can reduce costs and risks and
ultimately, increase the rate of innovation in
healthcare.
Establish a Partnership between biomedical
industries and European research organisations,
with the purpose of developing the technology,
methods, protocols and standards required in
order to make possible the use of computer
simulations before real clinical trials. Avicenna
will foster collaboration between pharmaceutical,
biotechnology, medical device, technology,
clinical, academic and regulatory organisations,
and lead to pre-competitive collaboration to
jump-start drug discovery and development.
Target Technologies etc. for simulations as
precursors to live clinical trials.

Concept and Philosophy
Pre-Competitive Alliance between Industrial Partners
By providing a unique setting for defining a common
approach to high quality, cutting-edge collaborative
research in computer-based biomedical product
development, Avicenna will foster collaboration
between pharmaceutical, biotechnology, medical
device, technology, clinical, academic and regulatory
organisations, and promote the formation of precompetitive alliances to jump-start drug discovery and
development.
The fact that biomedical products are heavily
regulated reinforces a conservative attitude in this
industrial sector. As a result, the cost associated with
the development and assessment of new products
has been steadily increasing, and the rate of effective
innovation has been decreasing. In other industrial
sectors, such as aerospace and nuclear power, where
similar trends were observed, the optimum approach
to keeping the cost and complexity of safe product
development at bay has been computer simulation,
usually referred to as Virtual Product Development
(VPD); the adoption of VPD in the development and
assessment of biomedical products has, however, so
far been frustratingly slow. Recent results from the use
of VPH models to make clinically relevant predictions
for individual patients, the progressive expansion of in

silico methods in the design phase, and the extension
of the VPH approach to animal models suggests, at
least for certain diseases and for certain treatments, a
new approach to biomedical product development and
assessment that we refer to as in silico clinical trials.
Avicenna aims to engage deep-thinkers and key
stakeholders in a consensus process that will identify the
primary scientific, technological, and methodological
barriers that hinder the widespread adoption of in silico
clinical trials, and promote a pre-competitive alliance
amongst them to overcome any such obstacles.

Avicenna and the Innovative
Medicines Initiative

The Innovative Medicines Initiative is playing an
effective and significant role in the biopharmaceutical
sector and Avicenna will pursue the highest possible
level of collaboration and integration with them,
putting our results in their hands. Collaboration and
engagement with stakeholders from all sides is at
the foundation of Avicenna’s approach. Our focus is
technology-driven and highly specialised, and the
results of our work will be put at the service of the
sector.

“As a coordination and support action, Avicenna
will establish a partnership between biomedical
industries and European research organisations, with
the purpose of developing the technology, methods,
protocols and standards required in order to make
possible the use of computer simulations before
real clinical trials. The aim of this will be to reduce
the costs and the risks (both clinical and financial)
involved in trials, and ultimately increase the rate of
innovation in healthcare”
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Logistics and Methodology
Structure and Content - How?
Provision of concepts and illustrative
materials
Presentation of key concepts
Moderation of relevant discussion groups
Five large brainstorming European Events
will be held over the 24 months where
representatives of both the academic
and industrial research communities,
regulatory agencies and policy making
bodies meet, in order to understand better
the issues at stake in in silico clinical trials.

Event 1 - Trajectory, staging and goals: set out the skeleton roadmap and identify the
range of topics that should be considered in the later events
Event 2 - Conceptual completeness: identify missing expertise, aim to fill a grid of
concepts vs. outputs
Event 3 - Integration: lay out the interactions required for success, create a list of
alliance enthusiasts
Event 4 - Component development: deconstruct the Avicenna Strategy into its
component
Event 5 - Strategy for continuation: highlight the major outcomes of all previous
sessions, identify remaining areas of work to be progressed, agree a strategy for
continuation of the Avicenna work

Avicenna Timeline

Logistics and Methodology
Participation – Who are the Stakeholders?
There are identifiable communities of practice that should be engaged in this process which include experts, deep
thinkers, users, providers, regulators etc.

Different Stakeholders - Different Motivations

Biomedical Sector
The different stakeholders have diverse viewpoints
and motivations, but they all have crucial contributions
to make to the Avicenna process and roadmap:

Biomedical Industries
Biopharmaceutical industries
Medical devices industries
Health technology industry
Diagnostics industry
Biomedical Research Organisations
Research Hospitals

Biomedical industry experts: Get what you
need to improve the rate of innovation, the
time to market, and cost to market. Influence
the research and technological development
agenda at the European level toward the
needs of a vital industrial sector.

Contract Research Organisation

Biomedical researchers: Complement your
wet-bench methods; manage the complexity;
reduce and refine animal experimentation.

Patient’s Organisations

Clinical trials experts: Obtain better estimates
of safety and efficacy from pre-clinical
assessment; obtain outcome indicators earlier
and more cheaply; reduce risk profile for
patients.

Virtual Product Development

Regulatory experts: Support a better rate of
innovation with lower risk; ensure regulatory
aspects are central in the development of in
silico clinical trials methods and technologies.
Patient representatives:
Find better and
faster innovation, more personalised products,
better treatments for rare diseases, lower risk
in clinical trials.
Healthcare providers: Develop more products,
better products, cheaper products; better
evidence of efficacy and safety.
Virtual Product Development experts: Find a
new, fast-growth, high-return market for VPD
products and services.

Regulatory Affairs Organisations
Patients Organisations
Healthcare Provision Organisations

Healthcare Provision Organisations

Hardware Manufacturers
Software Manufacturers
Consulting Firms
Computational Science & Engineering
Research Organisations

in silico Clinical Trials
Tools and services for in silico clinical trials
Data providers
in silico medicine research community
Bioinformatics
Systems Biology
Computational Physiology
Health informatics
Personal Health Systems
Computer Aided Medicine
Virtual Physiological Human
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Logistics and Methodology
Method - Alignment Optimisation
Alignment Optimisation (AO) has recently emerged as a prevalent concept, describing a crowd-sourcing knowledge discovery process and the quest for a convergence of viewpoints. Optimisation is brought about through the
repeated operation of Future Mapping and Alignment Cycles, in which an identified process is rigorously executed
in order to maximise the input from participants. The cycle progresses through a sequence that begins with confirmation that the group is correctly constituted and that the knowledge discovery process is appropriately taking
place. This approach involves systems thinking - the recognition that many factors may combine in complex ways
to create sometimes surprising futures (due to non-linear feedback loops), allowing the inclusion of factors that are
difficult to formalise, such as novel insights about the future, deep shifts in technology, unprecedented regulations
or inventions.
This method starts by dividing the participants’ knowledge into two broad domains:
(1) things they believe they know something about and
(2) elements they consider uncertain or unknowable. Its focus is on blending the known and the unknown into a
limited number of internally consistent views of the future that span a wide range of possibilities.
The application of controlled methods ensures that the ensuing process of obtaining insights and moving to an effective resolution is performed efficiently, and the outputs are enshrined in a published charter of actions. Finally the
tendency for such strategies to become eroded over time is limited by a change monitoring system.

The Alignment Cycle concept, showing its component stages

AO’s proprietary alignment analytics illustrate alignment around the case for action, core values, the current state,
assets, desired outcomes and constraints to success.
Observations will be made using the textual and quantifiable alignment data, from which conclusions are drawn
and proposed to the core team. Subject to approval and revision, the necessary Actions for each Opinion, if any,
will be assigned in the Prioritisation activity. The Alignment Manager will record the results of the discussion, taking
also into account any major criticalities or disagreements, and prompting participants to draw conclusions that could
represent a common point of view on the questions which will have been addressed.

Logistics and Methodology
The Alignment Process
Finding which successive “position papers” can lead the attendees (and other selected stakeholders) to share a
common purpose, reaching and cultivating the necessary degree of like-mindedness through alignment discussions,
collaboration techniques and associated guidance on decision-making, in order to operate efficiently while at the
same time minimising the communication burden and management attention often required for “synchronisation”.

Highlight the group’s
shared concerns

Learn what causes some to see problems
where others don’t, around key concerns.
For those that are validated as concerns,
surface some mitigation headlines

Learn what causes agreement with or
rejection of certain key opinions of the
current state and trends. Seek resolution
on a common understanding

Highlight the group’s
aligned views of desired
outcomes and actions

Learn what causes misalignment
around some key misaligned objectives . Seek to resolve to an agreed
outcome/action

Highlight the aligned
views of the current
state and trends

AO will be used to divide the participants’ knowledge into two broad domains:
(1) Things they believe they know something about
and
(2) Elements they consider uncertain or unknowable.

This will allow the Avicenna Events to focus on blending the known and the unknown into a limited
number of internally consistent views of the future that span a wide range of possibilities. The Events
will aim at extracting the maximum knowledge obtainable from this structured brain-storming and
crowd-sourcing approach. Any actions created from these discussions will be sequenced onto an AO
Action Roadmap. In this way, the group productively resolve some key misalignment and lay down
some actions on a draft Roadmap.
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Logistics and Methodology
The AO Process for Avicenna
Avicenna will use experts from SchellingPoint LLC1 to conduct Alignment Cycles before each event and achieve
consensus among participants. These sessions will be used to extract knowledge and points of view from the
users that will then be analysed and fed into the agendas for the physical events. Sessions will be conducted by
the Alignment Manager, operating to the SchellingPoint Alignment Cycle principles and methodologies and using
the inherent Alignment Analytics system to help the core team determine the most valuable workshop agenda and
content.
During the Alignment Optimisation process, participants will be asked to:

Complete the Alignment Cycles:
The development of the consensus among experts will be achieved through a formal method that involves
each expert in answering a set of questions through an on-line interface. Typically every alignment cycle
requires no more than 40 minutes of expert time (have a look at http://www.schellingpoint.com).

Attend the Events:
During Avicenna we plan to organise a number of physical one or two days Events, in easy-to-reach
locations. Experts from not-for-profit organisations will be offered financial support to cover travel and
accommodation costs. During the action we expect to hold up to five such Events, although not every
expert will be asked to attend every one.

Total number of Invitees to AO process

Number selected for Seed Interviews

Number attending Event 2 - 5

Number accepted for on-line interviews

Number attending Event 1

The invitation process for the Avicenna Events and
AO Excercise

SchellingPoint LLC (the foremost institutional exponent of the AO technique), is an internationally-operating company built on the principles established
by Nobel-prize winner Thomas Schelling in his seminal 1960 book The Strategy of Conflict, which describes the process of reaching agreement by the alignment of expectations. In Europe, in the last five years alone, over 35 major Alignment Cycles have been conducted by SchellingPoint, involving over 1000
people in the European operations for AstraZeneca, Bayer, Barry Callebaut, BU Coalition (WHO), GlaxoSmithKline, Hershey International, HP, KetchumPleon, Microsoft, Movea, Sodexo and others, making SchellingPoint, amongst the most successful Alignment Cycle practitioners operating in Europe.
1

Logistics and Methodology
The in silico Clinical Trial Roadmap
The ultimate aim of Avicenna is to create a Roadmap for in silico Clinical Trials.
Over the 18-month period to mid-2015 a series of events will be organised
to develop the Avicenna roadmap using a consensus building process called
Alignment Optimisation, and experts will be invited from various relevant domains
to help us by participating in discussion.
The Roadmap will summarise all the discussions and the views gathered during the
different events, and will be used by the EC as a guide for the future investments.
Avicenna provides a chance for experts to broaden their horizons, and develop a
collegial vision driven by the real needs of the industry - and of society at large strong enough to impose a research funding allocation that is tuly innovative, and
that will give rise to a significantly positive socio-economic impact.
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Consortium

Scientific Coordinator
Marco Viceconti
Director,
Insigneo Institute for in silico Medicine
The University of Sheffield, UK
Marco Viceconti is full Professor of Biomechanics at the Department
of Mechanical Engineering at the University of Sheffield and Professor
Associate at the Department of Human Metabolism. He is also the
Scientific Director of Sheffield University’s new Insigneo Institute
for in silico Medicine (www.insigneo.org), a joint initiative between
the University of Sheffield and the Sheffield Teaching Hospital NHS
Foundation Trust. Insigneo brings together over 70 academics from
Engineering, Medicine, Science and the local NHS Trust, to collaborate
on the application of computer simulation in medicine. Expertise ranges
from materials and computer science and mechanical engineering
through bone metabolism to cardiovascular science and oncology.
Marco has a substantial track record of advocating and evangelism for
the emerging Virtual Physiological Human (VPH) community. He is
one of the key figures in the Co-author of the first white paper on VPH,
scientific co-ordinator of the seminal VPH research roadmap, “VPH
ambassador” for the VPH Network of Excellence, Co-ordinator of the
VPHOP integrated project, he is also currently chairing the Board of
Directors of the VPH Institute.
The University of Sheffield is a world top 100 University, one of the
UK’s 12 leading (Russell Group) Universities and the Times Higher
Education University of the Year, 2011. Research partners include
Boeing, Rolls Royce, Unilever, Boots, AstraZeneca, GSK, ICI, Slazenger,
as well as UK and overseas government agencies and charities.

Adriano Henney
OBSIDIAN Biomedical Consulting Ltd, UK
Adriano Henney, Director of Obsidian Biomedical Consulting
Ltd, (OBC) worked for 13 years in a top 5 multinational
pharmaceutical company, before becoming the Programme
Director of the German Virtual Liver Network, the largest VPH
project currently running in Europe. Since 2010 Dr Henney,
trading as OBC, has directed this major German national
flagship research programme focusing on modelling human
liver physiology (www.virtual-liver.de). OBC was established
by Dr Henney in January 2009. The focus of the consultancy has
been to provide support to industry and academia to explore
and support opportunities for collaborations to troubleshoot
and prototype cutting edge academic science applied to real
commercial imperatives. In particular the emphasis has
been on the application of systems biology to drug discovery
and development projects, with the intention of generating
evidence of genuine utility to build confidence and encourage
broader use. The model for such collaborations was developed
from experience gained within industry, where projects were
undertaken with academic centres adopting the concept of
extended project teams rather than the more usual “purchaser/
vendor” collaborative relationships.

Keith McCormack, Business Development Manager
Karen El-Arifi, Project Officer
Insigneo Project Management Office,
The University of Sheffield, UK

Edwin Morley-Fletcher
LYNKEUS srl, Italy

Martina Contin
Virtual Physiological Human Institute for Integrative
Biomedical Research (VPHI), Belgium
Martina Contin worked as communication and consortium manager
in various Virtual Physiological Human (VPH) initiatives, before
taking the helm of the no-profit organisation that coordinates all VPH
research worldwide. The Virtual Physiological Human Institute for
Integrative Biomedical Research (VPH Institute) is an international
not-for-profit organisation incorporated in Belgium in 2011, whose
mission is to ensure that the VPH is fully realised, universally adopted
and effectively used both in research and the clinic.

Edwin Morley-Fletcher, President of Lynkeus srl, has over 25
years of experience in the area of ebusiness, in the last 10 years
he progressively focused on ICT for health, managing some of
the largest VPH projects, including MD-Paedigree, one of the
three IPs funded in call 9.
Lynkeus srl is an independent strategy consultancy, founded in
2000, which works to identify and promote the best cutting-edge
technological solutions to complex socioeconomic problems in
a variety of areas related to technological applications in public
policies, with a particular focus on European FP projects in
e-Health.

For further information or to join our alliance, please contact:
Martina Contin
Virtual Physiological Human Institute (VPHI) for Integrative Biomedical
Research
http://www.vph-institute.org/
Email: manager@vph-institute.org
or
visit the Avicenna website:

www.Avicenna-isct.org
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