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1 EXECUTIVE SUMMARY

WP2 of the p-medicine project aims at addressiegngeds and requirements for the
proposed technological and clinical research itfuature to develop an environment
that is able to run tools for clinical decision popt and Virtual Physiological Human
(VPH) by different end-users with the ultimate gaotrive common clinical practice
to personalized medicine. This deliverable rep®2.4) entitled“Requirements for
enhancing VPH models for clinical decision suppod$ part of this WP, aims at
identifying the requirements that are needed talitae VPH models for clinical
decision support and review the current guideliioeghe validation and certification
of tools and software to make these GCP confornudage in the clinical trials and in
daily clinical practice.

Virtual Physiological Human (VPH) is a methodolagdicand technological
framework within which it is possible to represeéht human body as a single,
coherent and dynamical system. It reaches dowhddevel of the human genome,
and up to the whole human (and beyond, into pojpmatudies)”The VPH initiative
(VPH-I) was developed as an approach to suppordé¢relopment of patient-specific
computer models and their application in persoedliand predictive healthcare. VPH
is a methodological and technological frameworkt thams to be descriptive,
integrative and predictive. By attempting to oveneo existing challenges in the
biomedical, healthcare, IT and legal setting, P-ied will try to develop and utilize
VPH cancer models pointing towards better integratitnd management of patient
data and decision support tools to help the chlmgciultimately aiming to reduce
mortality from malignant neoplasms by personalizireptment and individualizing
care needs. The scope of this report is an attéonatidress these requirements and
how these will be developed and tackled for theopses of p-medicine.
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2 INTRODUCTION

Purpose of the document

The report provides, first of all, a brief introdion to the VPH initiative, an approach
developed in order to support the development tiepaspecific computer models
and their application in personalized and predicthealthcare. Moreover, VPH-
oriented projects and their interconnections wiimgdicine are being outlined. The
main focus of this report is the possible biomédideealthcare, IT and legal

impediments accompanying the development of VPH@&amodels for p-medicine.

Finally, the remaining part of this report focusesthe attempt to highlight how these
specific needs and requirements will be tacklep-medicine.

Introduction to the VPH framework and VPH-I

One of the most ambitious goals of systems biolsgy model human physiology.
“Virtual Physiological Human (VPH) is systems biglowritten on the largest of
scales, as a methodological and technological fnarie within which it is possible
to represent the human body as a single, coherehtignamical system. It reaches
down to the level of the human genome, and updmiole human (and beyond, into
population studies)®

The VPH initiative (VPH-I) was developed as an a&agh to support the
development of patient-specific computer models ateir application in
personalized and predictive healthcare. VPH is ¢hoamlogical and technological
framework that aims to be descriptive, integratine predictive?

Descriptive: the framework should allow observations made ibotatories, in
hospitals, and in the field, at a variety of looas situated anywhere in the world, to
be collected, catalogued, organized, shared andhioeahin any possible way.

Integrative: the framework should enable experts to analyzeerghtons
collaboratively and to develop systemic hypothakasincorporate the knowledge of
multiple scientific disciplines.

% Coveney PV, Diaz V, Hunter P, Kohl P and VicecdtiThe Virtual Physiological Human. Interface
Focus. June 6, 2011 (1): 281-285.

* Clapworthy G, Viceconti M, Coveney PV, and Kohl Fheme issue: “The virtual physiological
human: building a framework for computational bialieine I”. Editorial. Phil. Trans. R. So&
September 13, 2008 (366): 2975-2978.

® Viceconti M, Clapworthy G, Van Sint Jan S. Thetwél physiological human-A European Initiative
for In Silico Human Modelling. J.Physiol.Sci 200&8j: 441-446.
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Predictive: the framework should facilitate the interconnettad predictive models
defined at different scales, with different methoaisd with different levels of detail,
producing systemic networks that breathe Ilife ingystemic hypotheses;
simultaneously, the framework should enable thefidity to be verified by

comparison with other clinical or laboratory obssiens.

VPH-I constitutes an integral part of the interoaéil Physiome Proje& and is a
core target of the European Commission’s Seven#mEwork Programme. It was
launched in 2008 with a 72 M€ call funding 12 reskarojects, two coordination
and support actions, and one Network of Excellgfwf@H-NoE). Alongside the p-
medicine project, these include: euHeart, VPHOP,TARt , Synergy, preDiCT,
ContraCancrum, ARCH, PASSPORT, PredictAD, NeoMARKZH2, IMPPACT,
HAMAM, Action-Grid , RADICAL.

The VPH-NoE and the VPH-Toolkit standards, tools and services

The VPH-NOE initiativé aims to facilitate the interaction between théas VPH-
oriented projects and address challenges of commmmcerr® Writing the
Application Programming Interfaces (APIs) for thankup languages is a key task of
VPH-NOE, thereby allowing the application softwarackages to read models and
data from the repositories. The markup languagesige the syntax (the grammar)
for encoding models and data. Equally importantlaeesemantic ‘metadata’ that give
biological and biophysical meaning to the modelsl atata via biological and
biophysical ontologies (structured vocabulariesprébver, standards developed by
VPH NOE need to be suitable for, adopted by, arfieestl to not only within the
European VPH initiative, but also on a global bafs example via interaction with
the international Physiome Project. The VPH Toolkitkey VPH-NOE deliverable,
provides a means to ensure that all VPH-fundedeptsjare able to work towards this
aim. VPH Toolkit provides the technical and methHodaal framework that will
support and enable VPH research through the creaimcumulation and curation of
VPH research-related ‘capaciti€sThe VPH Toolkit is considered as a ‘toolbox’ of
relevant technologies, interacting around a coms®irof standards. The latter apply
to the information used by tools, including anyadanhd the VPH models themselves,
and also to the naming and categorizing of entitie concepts involved.

Currently the VPH Toolkit encompasses the followognponents

® Bassingthwaighte, J. B. Strategies for the Physidtoject. Ann. Biomed. Eng. 2000 (28): 1043—
1058.

" http://www.vph-noe.eu/

8 Cooper J, Cervenansky F, De Fabritiis G, Fennéiribpulet D, Giorgino T, Manos S, Martelli Y,
Villa-Freixa J, Zasada S, Lloyd S, McCormack K, €ogy PV. The Virtual Physiological Human
ToolKit. Philos Transact A Math Phys Eng Sci. 204y 28;368(1925):3925-36.

® http://toolkit.vph-noe.eu/
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» Standards in terms of ontology, data modelling:asiiructure interoperability
* Imaging tools
* High performance computing

* VPH-Toolkit portal website. The aim of this welesi$ to provide a knowledge
base of the “capacities” available, whether thesespecific tools, methods for
conducting VPH research in an integrative fashionservices available to
researchers. It thus enables researchers to fohddogies easily that may be
of relevance to them, rather than re-inventing Wieeel. It also provides a
structure that can help to place individual adegtin their correct context
within the VPH initiative as a whole.

Guideline documents have become available (hthpikit.vph-noe.eu/toolkit-
guidelines) to assist groups preparing content siobmission to the ToolKit in
ensuring that their submissions are of the higheatity.

Summary of VPH Projects

This chapter provides a short overview of the $eVieH research projects funded
under the 6th and 7th (FP6-FP7) framework Progranfore Research and
Development.

13 projects of Sixth framework programme (FP6)| dahave been pioneering the
Virtual Physiological Human, which afterwards hascéme one of the three
objectives of Challenge 51 "Towards sustainable @ardonalized healthcare” of the
Seventh framework Programme.

13 projects of FP6 call:4

. @Neurist-Integrated Biomedical Informatics for the Manageinef Cerebral
Aneurysms. @neurlST aim was to transform the manage of cerebral aneurysms
by providing new insight, personalized risk assesgnand methods for the design of
improved medical devices and treatment protocols.

. ACGT -Advancing Clinico-Genomic Clinical Trials on CancACGT aimed

to present the ‘next-step’ in cancer research alhth fthe technological gaps of
clinical trials targeting two forms of cancer: bstacancer and paediatric
nephroblastoma. The programme aimed to developm&lical GRID infrastructure
supporting seamless mediation services for shatingcal and genomic expertise, so
as to help identify quicker and more efficientl ttharacteristics that determine what
form of treatment best suits which patient.

. ASSIST-Association Studies Assisted by Inference and Sém@echnologies.
ASSIST’s scope was to provide medical researchérseovical cancer with an
integrated environment that would virtually unifyuttiple patient record repositories,
physically located at different laboratories, amand/or hospitals. Thus, the goal was
for researchers to be able to combine phenotypit genotypic data and perform
association studies on larger sets of patient dscfvom several clinics.

. EuResist. EuResist referred to the integration of viral geremmwith clinical
data to predict response to anti-HIV treatment. HuResist project aim was to

x*x
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develop a European integrated system for the @limtanagement of antiretroviral
drug resistance, so that the system would preditemt reactions to antiretroviral
treatments for HIV, thus helping clinicians to stléhe most appropriate drugs and
drug combinations for any given HIV genetic variahihe aim of the project was to
create a huge European integrated data set, linkkinge of the largest existing
resistance databases: ARCA, AREVIR and Karolinska.

. Heath-e-Child. The Health-e-Child project aimed at developing ategrated
healthcare platform for European paediatrics, mlio’g seamless integration of
traditional and emerging sources of biomedical imi@tion. Disease modelling and
decision support in cardiology, and knowledge disecy in rheumatology and brain
tumours were the main focus areas of the project.

. [-Know-Integrating information from Molecule to Man: Knaydge Discovery
Accelerates Drug Development and Personalized ieatin Acute Stroke. I-Know
involved a knowledge discovery IT -based tool desdyto aid early stroke diagnosis,
stroke treatment, drug development and identifocatdf risk factors as targets in
disease prevention for the benefit of Europeanstrgiiand citizens.

. ImmunoGrid-The European Virtual Human Immune System Projddte
project focus was the on establishment of an iiMnature for the simulation of the
immune system that integrated processes at moleceltular, and organ level$his
would be designed for applications that supporticdl outcomes such as desigh
vaccines and immunotherapies and optimization ofiumization protocols.

. LHDL. The Living Human Project (LHP) was a grass-ropisative aimed at
developing ann silico model of the human musculo-skeletal apparatus ¢batd
predict how mechanical forces are exchanged intgread externally, from the
whole body down to the protein level, consistentith the scope of the Physiome
project.

. MULTI-KNOWLEDGE The MULTI-KNOWLEDGE project aimed to
integrate different biomedical information from é@etgeneous sources (clinical,
laboratory and metabolic) with data on gene andepreexpression provided by new
high throughput technologies in a system commiiechrdiovascular risk profiling.

. Sealife. Sealife involved a semantic grid browser for tlie siciences applied to
the study of infectious diseases.

. Share-Supporting and structuring HealthGrid Activities darResearch in
Europe: developing a roadmap. SHARE goal was tarenthe successful take up of
HealthGrids in the next 10 years by creating a moaul for essential technology
development years.

. STEP-A Strategy for the EuroPhysiome. STEP was a Coatitin Action that
sought to coordinate European activity relatingtite physiome-a description of
human physiology that will span multiple levelsrfrahe whole body down through
the organs to the cells and beneath in an inteyratner.

. VIROLAB-A Virtual Laboratory for Decision Support in ViraDisease
Treatment. ViroLab sought to enable easy acceskstdbuted resources as well as
the sharing, processing, and analysis of viroldgicamunological, clinical and
experimental data.
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A total of €72 million was allocated to VPH in ti®7 Call 2, which resulted in a
portfolio of 15 projects.

15 projects of FP7 Call 2:

. Action-Grid-International Cooperative Action on Grid Computingnd
Biomedical Informatics between the European Unioatin America, the Western
Balkans and North Africa. The project aims wereekzhange research results and
foster collaborations in Nanoinformatics, Grid teclogies and Biomedical
Informatics among Latin America, the Western BalkaiNorth Africa and the
European Union (EU). One of its main aims was tlivdea White Paper that will
provide input to the European Commission in devielp@ future agenda in R&D in
these areas.

. ARCH. Patient specific image-based computational modgfton improvement
of short- and long-term outcome of vascular acdaspatients on haemodialysis
therapy. The ARCH project aimed at developing imbgsed computational
modelling tools for surgical planning and managenoéivascular access, the surgical
arterio-venous shunt used to connect patient @ticud to artificial kidney, a critical
component of renal replacement therapy. The madgethols would be validated in
real-world clinical settings and provided to climlicend-users through a distributed
ICT infrastructure.

. ARTreat. Multi-level patient-specific artery and atherogasesnodel for
outcome prediction, decision support treatment\aridal hand-on training. ARTreat
aimed at developing a patient-specific computationadel of the cardiovascular
system, which would be used to improve the quabfy prediction for the
atherosclerosis progression and propagation ifeethreatening events that need to
be treated accordingly.

. CONTRACANCRUM- Clinically Oriented Translational Cancer Multilevel
Modelling. The ContraCancrum project aimed at depelg a composite multilevel
platform for simulating malignant tumour developrmand tumour and normal tissue
response to therapeutic modalities and treatmdmdsdes in order to optimise the
disease treatment procedure in the patient’s iddalized context.

. EuHeart-Personalized and Integrated Cardiac Care: PatmmuHic
Cardiovascular Modelling and Simulation for In &dli Disease Understanding &
Management and for Medical Device Evaluation & @yuiation. The euHeart project
aimed to use patient-specific cardiovascular mougllas biophysically-based
integration framework to improve the diagnosis, npiag, and treatment of
cardiovascular disease and to reduce the allielthicege costs.

. HAMAM-Highly Accurate Breast Cancer Diagnosis througkedration of
Biological Knowledge, Novel Imaging Modalities, aMbdelling Improving breast
cancer diagnosis. HAMAM'’s aim was to tackle thelldrge of early detection and
accurate diagnosis of breast cancer by integratusglable multi-modal images and
patient information on a single clinical workstatiBBased on knowledge gained from
a large multi-disciplinary database, populated witthe scope of this project,
suspicious breast tissue would be characterisedlasslified.

SEVENTH FRAMEWORK
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. IMPPACT-Image-based Multi-scale Physiological Planning fablation
Cancer Treatment. IMPPACT developed an interventmanning system for
Radiofrequency Ablation of malignant liver tumowscounting for patient-specific
physiological factors. Validation was performed atultiple levels through
comparison of simulation and treatment results eyatthin animal studies and during
patient treatment.

. NeoMark-ICT Enabled Prediction of Cancer Reoccurrence. rave
management of highly invasive and recurring cantlersugh a computer-assisted
risk stratification and disease evolution predictisystem. The aim was for the
NeoMark Virtual Physiological Human (VPH) approachintegrate heterogeneous
data collected with different techniques anesilico representation, to model and
predict biological phenomena linked to the diseaselution, so as to improve
significantly the management of oral cancers.

. PASSPORT. PASSPORT aimed at developing a dynamic liver mougll
which through a preoperative surgical planning $atau, would allow prediction of a
surgery’s feasibility and thus increase the rateswfical treatment so as to save
patients suffering from liver pathologies.

PreDI CT-(Computational Prediction of Drug Cardiac ToxiciBrfedicting Drug
Interactions. The preDICT project aimed to moded ailtimately predict the impact
of pharmaceutical compounds on the heart’'s rhyttsimgu computer simulation.
Using this information, the project sought to idgnhew biomarkers which would
provide more reliable indication of harmful drugesieffects.

PrecitAD-From Patient Data to Personalized Healthcare inhéitner’s
Disease. PREDICTAD aimed to develop an objectivel tor enabling earlier
diagnosis of Alzheimer’s disease. Biomarkers derifrem various data sources of
patient monitoring, such as neuropsychologicakteaedical imaging, electrical brain
activity measurements and blood samples were stzid combined.

RADICAL-Road mapping technology for enhancing security totgot
medical and genetic data. RADICAL coordination aatiaimed at approaching
coherently, studying in depth and revealing scimatliy, the beyond the state-of the
art research and policy roadmap for security andapy enhancement in Virtual
Physiological Human, taking into consideration temlbgy advancements, business
and societal needs, ethics and challenges thatdshewaddressed and answered.

VPH-NoE-Virtual Physiological Human Network of Excellendes previously
mentioned, VPH NoOE has been designed with ‘sertacéhe community’ of VPH
researchers as its primary purpose. The aims aig¢heork range from the continued
development of a VPH ToolKit and associated infragtiral resources, to integration
of models and data across the various relevantsiefephysiological structure and
functional organisation, through to VPH communityilthng, training activities and
support.

VPH2. Virtual Pathological Heart of the Virtual Physigloal Human. VPH2
(Virtual Pathological Heart of the Virtual Physigioal Human) aims to develop a
patient-specific computational modelling of the thda assist cardiologists/cardiac
surgeons in defining the severity and extent oéake in patients with post-ischemic

SEVENTH FRAMEWORK
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Left Ventricular Dysfunction (LVD), with or withouischemic mitral regurgitation
(IMR).

VPHOP-the Osteoporotic Virtual Physiological Human. TWBHOP research
project will develop, validate and deploy to pitdinical studies the next generation
of technology for predicting the risk of fractume patients with low bone mass and
assisting clinicians in prognosis and treatmenhmiag (both pharmacological and
interventional). The most advanced multiscale mougetechnologies will be used to
predict the patient-specific risk of fracture, dralv it would change as a result of the
various potential treatment options.

€5 million was allocated to VPH in the FP7 CalWwhich resulted in a portfolio of 5
projects

5 STREPs of the FP7Call 4:

. NM S-Physiome-VPHOP-SIMBIOS co-operation: Tools to develop the
Neuro-Musculo-Skeletal Physiome. With the NMS Pbgs¢ project, the SIMBIOS
and VPHOP consortia intend to establish a more micgeo-operation, structured
around three objectives: integrate the project camities, integrate the projects’
tools, and work collaboratively on grand challenges

. MSV-Multiscale Spatiotemporal Visualisation: developtesf an open-
source software library for the interactive visgation of multiscale biomedical data.

. Sim-e-Child-A grid-enabled pan-Atlantic platform for large seaimulations
in paediatric cardiology. The Sim-e-Child projecbjposes to develop a grid-enabled
platform for large scale simulations in paediatacdiology, providing a collaborative
environment for constructing and validating muttake and personalized models of a
growing heart and vessels.

. Tumour-Transatlantic TUmour MOdel Repositories. The prbjaons at
developing a European clinically oriented semalatyered cancer digital model
repository from existing EU projects that will beteroperable with the US grid
enabled semantic-layered digital model repositdagfgrm at CViT.org (Center for
the Development of a Virtual Tumor, Massachusetendgal Hospital (MGH),
Boston, USA) which is NIH/NCI-caGRID compatible. ihinteroperable, CVIiT
interfaced, environment will offer a range of seed to international cancer
modelers, bio- researchers and eventually clingciamed at supporting both basic
cancer quantitative research and individualizedhapation of cancer treatment

. RICORDO-Researching Interoperability using Core Referene¢afets and
Ontologies for the Virtual Physiological Human.

€62 million was allocated to VPH in the FP7 Calmfich resulted in a portfolio of
12 projects that started early 2011.

15 projects of FP7 Call 6:

. AirPROM-Airway Disease PRedicting Outcomes through Pati®pecific
Computational Modelling. AirPROM brings togetheketbxisting clinical consortia

SEVENTH FRAMEWORK
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(EVA FP7, U-BIOPRED IMI and BTS Severe Asthma), axgertise in physiology,
radiology, image analysis, bioengineering, datamibaization, data security and
ethics, computational modelling and systems biolddne project will aim to develop
an integrated multi-scale model building upon exgstmodels. This airway model
will be comprised of an integrated 'micro-scaletl dmacro-scale' airway model
informed and validated by 'omic data and ex vivodels at the genome-
transcriptome-cell tissue scale and by CT and fanat MRI imaging coupled to
detailed physiology at the tissue-organ scalesindj Europe's largest airway disease
cohort.

. GRANATUM-A social collaborative working space semanticatiferlinking
biomedical researchers, knowledge and data fodésegn and execution of in-silico
models and experiments in cancer chemopreverniioa.vision of the GRANATUM
project is to bridge the information, knowledge aodllaboration gap among
biomedical researchers in Europe (at least) enguhat the biomedical scientific
community has homogenized, integrated access tgltially available information
and data resources needed to perform complex caheemnoprevention experiments
and conduct studies on large-scale datasets.

. FUSIM O-Patient specific modelling and simulation of foalisdtrasound in
moving organs.

. MySPINE-Functional prognosis simulation of patient-spectpinal treatment
for clinical use. The objective of My SPINE is tdagt and integrate existing generic
finite element (FE) models and use them as ICTstooh clinical settingThe project
will impact e-health by bringing new engineeringioaale in the clinical decision-
process. Impact is thus directly linked to ICT ceamigs for clinical software
development and hospital for the development of dlavical protocols.

. SYNERGY-Supporting Highly Adaptive Network Enterprise Coltaation
Through semantically enabled knowledge servicedNEERGY aims to (a) provide
semantic ontology-based modelling of knowledge cttmes on collaborative
working; (b) develop the service-oriented self-adlegpSYNERGY holistic solution
for knowledge-based collaboration services; and f@ilitate the testing and
evaluation of the efficiency and effectivenessted SYNERGY solution in concrete
case studies.

. TBlcare-Evidence based Diagnostic and Treatment Planninigiti®o for
Traumatic Brain Injuries (TBI). TBI care transfehe scientific Virtual Physiological
Human (VPH) concepts to clinical practice. TBlcdras impacts for healthcare
professionals by improving the healthcare procesisigcreasing medical knowledge;
for the patients and their nearest by increasetitgaajusted life years; for society it
brings reduction in healthcare costs and lossesa@uerking disability, and for the
European industry it brings an impetus to increagkmbal competitiveness by
providing immediately exploitable innovative metisod

THROMBUS-A quantitative model of thrombosis in intracraniaheurysms.
THROMBUS will study through numerical simulation etheffect of stent
configuration in patient specific geometry and wiklp explain why some stents
produce good thrombus while others don’t. The mtojeill develop a multiscale
computational modelling and simulation frameworkdxzhon the triptyt In Vitro - In
Vivo - In Silico -rule of three for the thrombosis. The associagetiiological aim of
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the project is to deliver software with an intenaetend-user interface, providing

virtual simulation of the thrombosis leading to thimal stent for a specific patient's
aneurysm. This goal will be achieved by integratiogne of the leading open source
software and VPH toolkit software in the area ahpaotational bioengineering.

. VIGOR++- Virtual GastrOintestinal tRact. The VIGOR++ projeaims to
create a multiscale, personalized Gl tract modhiclvfacilitates improved detection
of Crohn's disease and drives an accurate indexCrohn's disease severity.
VIGOR++ will acquire laboratory, MRI, colonoscopy nda microscopy
(histopathology) data in order to develop the terddCT tools.A novel integration
of existing models is employed to predict featurasthe molecular to cellular scale
(microscopy/colonoscopy) from descriptive properteg the organ to patient scales
(MRI/laboratory).

. INTEGRATE-Driving Excellence in Integrative Cancer Researbhough
Innovative Biomedical Infrastructures. INTEGRATEmM& to build solutions that
support a large and multidisciplinary biomedicaimcounity ranging from basic,
translational and clinical researchers to the plaaeutical industry to collaborate,
share data and knowledge, and build and share gtirelimodels for response to
therapies, with the end goal of improving patientcome. Moving away from
empirical medicine, towards evidence-based persmmthlcare has the potential to
both dramatically improve patient outcome and tduoe costs. INTEGRATE will
deliver reconfigurable infrastructure componentgjg for sharing and collaboration;
standards-based data models; and repositoriedafrdadels and knowledge.

. VPH-Share-Virtual Physiological Human: Sharing for Healthcar® Research
Environment. VPH-Share will develop the organizagibfabric (the infostructure)
and integrate the optimized services to (1) ex@rgkshare data and knowledge, (2)
jointly develop multiscale models for the compasitiof new VPH workflows, (3)
facilitate collaborations within the VPH communifyour flagship workflows (from
@neurlST, euHeart, VPHOP, Virolab) provide existidgta, tools and models,
engage with the services developed by VPH-Shadrit@ the development of the
infostructure, and pilot its applications.

. p-medicine- From data sharing and integration via VPH modelgeisonalized
medicine. P-medicine brings together internatideatlers in their fields with an aim
to create an infrastructure that will facilitatesttranslation from current practice to
personalized medicine. In achieving this objectipemedicine has formulated a
coherent, integrated workplan for the design, dgwelent, integration and validation
of technologically challenging areas of today. pineject emphasizes on formulating
an open, modular framework of tools and serviceshat p- medicine can be adopted
gradually, including efficient secure sharing arahdiling of large personalized data
sets, enabling demanding VPH multiscale simulati@mssilico oncology), building
standards-compliant tools and models for VPH re$ealrawing on the VPH Toolkit
and providing tools for large-scale, privacy-presey data and literature mining, a
key component of VPH research.

. INBIOMED vision- Promoting and Monitoring Biomedical Informatics in
Europe. INBIOMEDvision aims to become a Europeademnitiative intended to

monitor the evolution of the Biomedical Informatifisld and address its scientific
challenges by means of collaborative efforts pentt by a broad group of experts
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with complementary perspectives on the field. Theféerts will certainly contribute
to the strength and expansion of the Biomedicabrmatics scientific community,
particularly in Europe. INBIOMEDvision will develoma series of services and
activities to serve the aforementioned purposeg(itory of resources and initiatives,
state of the art reviews, prospective analyses, noamty-building actions and
dissemination and training activities).

At the core of the above VPH projects is the idé#&ranslating all functions of the
human body into a coherent set of multi-scale cdempmodels. The scales of
modelling span spatially from the whole body dowrthe cells and the proteins they
synthesise, and temporally from years to microseésonhe VPH framework provides
ICT tools for developing patient-specific computsased models and simulations
using specific patient data allowing for persoredizand predictive healthcare. These
multi-scale models are widely explored in the fraroéthe above projects.

Interactions Between p-medicine and the VPH NoE

The p-medicine project will draw capacity from tNM&H-NoE achievements and
realisations by targeting the implementation, etatmn and integration of these. The
overall aim of p-medicine will be to make toolsrfrahe VPH Toolkit available to
clinicians so as to enhance clinical decision suppo

As described in the p-medicine deliverabl2.1 — “State of the art review of the p-
medicine environment”’(submitted 09/2011), the present deliverable (P24st
amongst those describing the interaction betweemegicine and the VPH Toolkit
and VPH-Share. Other relevant deliverables in piomeelinclude the following:

» Data Warehouse stores ontologically annotatedcainpatient and simulation
data, sharing cloud-based solutions with VPH-Slgagort 9/2011, integration
9/2014)

«  Workbench contributes tools to and use tools framm YPH Toolkit and set a
collaboration exchange mechanism (Specificatio@12

* Clinical Trials uses and validates VPH tools andpdhem for clinical use
(9/2013)

* VPH Modelling and Integrated Oncosimulator modelsal satisfy major VPH
compatibility requirements (9/2014)

* Patient empowerment tool to monitor and implememais’ wishes (1/2013)
and an interactive tool to support empowermentQ32

* Education/training tutorials and eLearning toolbrsiited to the VPH Toolkit
(1/2013)

P-medicine may draw heavily upon the models dewslop the NoE, and aims to
make them available to clinicians. P-medicine wibo share strategies for use of
cloud technologies with other VPH projects, mosttabty VPH-Share. Tools

developed during the p-medicine project should iradhere to guidelines set by the
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NoE, and they should be made available to the camtynthrough the VPH toolkit
website, where appropriate.

Structure of the document
The remainder of this document is organized asvid!

. Chapters 3-5 deal with the biomedical, ICT and theake challenges for the
VPH, respectively.

. Chapter 6 outlines validation and certificationuss behind the VPH vision
and how these are applied to the clinical setting.

. Chapter 7 presents the requirements for clinicaisiten support and chapter 8
provides an overview of the p-medicine environmant architecture in terms of
meeting the afore-mentioned challenges.

. Finally, the last section of this report, chapters@mmarizes all relevant
comments and points described in all previous @rapt

I ——
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3 Biomedical challenges for the VPH

Diseases are represented by variations of physeabgarameters leading to reduction of
organ(s) functionality or their mutual control, baiccompanied with a significant negative
impact on the functionality of the overall systemextreme cases with fatal consequences.
Creating and implementing tools for the simulatiand modelling of living systems is
considered a very promising approach in the contéxiffering solutions for the diagnosis,
prognosis and treatment of a disease, particutahger. This is also a long-term goal which
needs realistically assessed resources. Cancezasplex disease characterized by multiple
types of biological interactions across diversegutgl, temporal, and biological scales. This
complexity presents substantial challenges for dharacterization of cancer biology, and
Ergotivates the study of cancer in the context ofenolar, cellular, and physiological systems.

Modelling cancer also requires a precise simulabbriumour growth and tumour/normal
tissue response to a variety of drugs and thermpeggimens, i.e. chemotherapy,
radiotherapy and their combinations. Optimal sirmiafaof the disease and therapy response,
therefore, would translate into better clinical idem making. Because of the complex and
heterogeneous nature of the disease, simulatingecamehaviour creates a multitude of
challenges in the biomedical setting. Technicalg, design anah silico implementation of a
cancer simulator is a monumental task that has lea&mnsively pursued for the past few
decades.

Modelling the interplay between genetics/proteomics/metabolomics and
physiological disease models

Genetic, proteomic and metabolic modifications uafice healthy state and affect
physiological parameters resulting in disease. &ise modelling requires careful
consideration of the interplay between these parensigparameter shifts and threshold values
above which disease can develop. For instancenetiganutation which usually results in the
overexpression or suppression of a protein or #ueiced enzymatic activity of an enzyme
can be compensated by the expression of otheripsobe result in a shift of a physiological
parameter. Therefore, the sensitivity of physiadagjmodel parameters which are influenced
by genetic/proteomic/metabolic inter-related shiigeds to be quantified with good accuracy.

Moreover, multiscale modelling is a huge challenlyodelling approaches need to be
multiscale so as to quantify the impact of dise&$ated shift on these parameter levels to
human physiology macroscopically and down to tHeleeel. Existing models in the context
of cancer typically focus on a single spatial scHies being unable to assess the interaction

19 Edelman LB, Eddy JA, Price ND. In silico modelscaicer. Wiley Interdiscip Rev Syst Biol Med. 20l0)-
Aug;2(4):438-59.
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of phenomena at different scales or to combine, sgstematic manner, data from the various
11,12,13

scales:
* Since cancer is a multiscalar disease, scalessofutgon must be carefully chosen and
unnecessary detail needs to be omitted. This naugtebformed on every level. At the
gene/protein level, one could encounter duplicatiohpathways, or one pathway could
converge with a particular phenotypic result (ieficing disease outcome or response
to therapy).

* Reduce complexity/ maintain accuracy

Genetic variation also influences the sensitivifypbysiological parameters in response to
disease and/or treatment outcomes, as this isagewith a number of susceptibility genes in
cancer. Modelling frameworks which enable the satioh and analysis of the effects of
population heterogeneity need to be establishetthencontext of cancer modelling. These
advanced multiscale physiological models, suchhase envisioned by the VPH initiative
will describe how genetic variation manifests inepbtypic variation at various systemic
levels up to the tissue, organ and whole-organésrall**

Finally, defining homeostasis and how this influemiqhysiological parameter models is
another crucial challenge. As mechanistic modelsndb enable the understanding of the
guantitative biomedical mechanisms underlying disgealentification tools are required so as
to allow the discrimination between sub-clinicatlatisease-related physiological states.

Model-based identification of specific biomarkers

Biomarkers are used to identify patients at rigkdisease and to predict potential response to
treatment, adverse event occurrences and favouchibieal outcomes, particularly in cancer,
thus allowing earlier, more robust drug safety afticacy measurements. “Validated
biomarkers with acceptable sensitivity and speityfiare urgently needed to help guide the
selection of the most beneficial treatments forigmas with cancer®> Cancer biomarker
research has seen an important increase in reeams.yLarge-scale molecular biomarker
analysis facilitated by the technological/bio-corupg outbreak has enabled researchers to
capture and assess complex molecular informatiom fioiological samples. The biomarker

11 Alarcon T, Byrne H.M, Maini P.K Towards wholegan modelling of tumour growth. Prog. Biophys. Mol
Biol. 85, 2004a 451-472.

12 Arakelyan L, Merbl Y, Agur Z. Vessel maturatieffects on tumour growth: validation of a computerdel
in implanted human ovarian carcinoma spheroids.JEDancer. 2005 Jan;41(1):159-67.

13 Byrne HM, Alarcon T, Owen MR, Webb SD, Maini PModelling aspects of cancer dynamics: a review.
Philos Transact A Math Phys Eng Sci. 2006 Jun X§13#43):1563-78.

14 Hunter P, Coveney PV, de Bono B, Diaz V, Fenhefrangi AF, Harris P, Hose R, Kohl P, Lawford P,
McCormack K, Mendes M, Omholt S, Quarteroni A, SkATegner J, Randall Thomas S, Tollis |, Tsamaslin
I, van Beek JH, Viceconti M. A vision and stratefgy the virtual physiological human in 2010 and teg.
Philos Transact A Math Phys Eng Sci. 2010 Jun 1&1#0):2595-614.

15 Wistuba Il, Gelovani JG, Jacoby JJ, Davis SEtbbteRS. Methodological and practical challenges fo
personalized cancer therapies. Nat Rev Clin Ora@il1 Mar;8(3):135-41.
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knowledge has been integrated into drug discoverg thus drugs which rely upon
biomarkers for their activity are being developed tancer theraplf. The analysis of
complex sets of biomarkers in large biospecimerieated from clinical studies, such as in
the case of the p-medicine trials, and stored ardpiositories contribute to the significant
progress made in current biomarker research. fitton of cancer-relevant biomarkers,
particularly in the early stages of the diseaseasoto guide prevention, is one of the
challenges in successfully modelling cancer. Howeearly biomarker identification as
opposed to later-stage disease identification ofmlarkers requires a characterization of the
physiological parameter range which is associatigu tve “healthy” state.

Modelling the effects of co-morbidities

Co-morbidities play a significant role in cancerdatonstitute a challenge in the case of
cancer modelling. Complex disorders like cancemattesimply associated with a single gene,
but rather with large sets of genes. Aside from dhaotype-physiology interaction, other
relevant biological mechanisms such as epigeneti@)scriptomics, post-translational
modifications or protein phosphorylation may be leegd. Moreover, the disease-gene
relations are not one-to-one. The majority of ctiueagenes or gene sets often show an
overlap with other disorders, showing interconrawi between complex disorders. Using
these overlaps, both on the disease and genonlgedeeecan establish a relationship network
either between two diseases and the causative gJemepetween two different genes both
related to the same disease. In the case of huararers, the concept of network can be used
so as to infer knowledge regarding risk genes.Msis a complex disorder, network-based
description of cancer needs to be in the form géis; i.e. one layer could represent the
interaction between humans/patients, a second Ieglated to comorbidities and causal
relationships, while other layers could be appiiedhe context of molecular (for example
protein) interactions and co-expression patterrormon pathways. On the molecular level,
disease related abnormalities could either arise fsingle biochemical systems as reflected
in alterations of only few molecules, however, ancomplexity is usually reflected in
abnormalities involving large sets of genes, mdiexand thus symptoms. Similarities in the
underlying molecular pathologies between differdigeases enable the identification of
relationships among these diseases. Thereforeasdgisend molecular networks are closely
interlinked so as for disease networks to be ssea eollection of disease-specific clusters
that interact with each other depending on the oubde similarities or discrepancies.

16 Hainaut P, Plymoth A. Biomarkers in cancer reseand treatment: promises and challenges. Cuim Op
Oncol. 2011 Jan;23(1):61
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Modelling cancer dynamics and overcoming various other challenges

« Tumor growth. Because of the versatile nature ofceg sophisticated, nonlinear
mathematical models are required in order to captoore realistic growth dynamics
and morphologies.

e From avascular tumor to tumor-induced angiogendsisior-induced angiogenesis is
the process by which cancers recruit blood supplgrovide oxygen and nutrients that
are commonly considered necessary to support grmtdgHarger, more invasive tumor
masses. This process needs to receive significteritian when dealing with cancer
modelling and is, thus considered an importantlehge. An example of a model of
tumor-induced angiogenesis was described in Andessd Chaplain, which developed
a relevant model with the ability to follow the rnwst of endothelial cells at the
capillary tips and control important processes,hsas proliferation, branching and
anastomosis. This model used a hybrid approachh lontinuum and discrete
modelling, and focuses on three significant vagablrelated to angiogenesis:
endothelial cell density, pro-angiogenic proteinsl éibronectin concentratiorts.This
model appears to capture the irregularity of tumasculature through appropriate
adjustment of the governing mathematical parametki®vever, it merely only
describes the physical structure of the capillatmork. Direct extensions of this early
model were performed by other$® First generation multi-dimensional tumor
simulator, produced by Zheng and colleagfésvolved the first coupling of models of
growth and angiogenesis and enabled the simuldten the avascular stage to the
development of in situ carcinonta.

e Tumour escape mechanisms, whereby tumour cellgiegifly hide from immune
attack, are also a barrier in cancer modelling.

Cancer is a multifaceted disease with complex gomgrprocesses occurring at a wide range
of temporal and spatial scales. Because of itsusbsoature, it has been made difficult to

identify unique molecular and pathophysiologic@nsitures for each variant of cancer, thus
impeding the development of effective therapies myiding a great challenge for the VPH

vision. Mathematical modelling and computer simolatare tools which help understand the
complex and constantly evolving nature of cancesatas achieving this.

7 Anderson ARA, Chaplain MAJ. Continuous and disemaathematical models of tumor-induced angiogenesis
Bull. Math. Biol. (1998) 60:857-899.

8 McDougall SR, Anderson ARA, Chaplain MAJ, Sherra&. Mathematical modelling of flow through
vascular networks: implications for tumor-inducedj@genesis and chemotherapy strategies. Bull. Maith.
(2002): 64: 673-702.

19 Stephanou A, McDougall SR, Anderson AR, ChaplaiA. Mathematical model of flow in 2D and 3D
vascular networks: applications to anti-angiogeanid chemotherapeutic drug strategies. Math. Congae\l
(200) 41: 1137-1156.

2 Zheng X, Wise SM, Cristini V. Nonlinear simulatiosf tumor necrosis, neo-vascularization and tissue
invasion via an adaptive finite-element/level-setimod.Bull Math Biol. 2005 Mar;67(2):211-59.

%l sanga S, Sinek JP, Frieboes HB, Ferrari M, FrufeBiBu Cristini V. Mathematical modelling of cancer
progression and response to chemotherapy. ExperBRiEcancer Ther. 2006 Oct;6(10):1361-76.
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4 ICT challenges for the VPH

Information and communications technology (ICT)aiserm that highlights the importance
of integration of telecommunications technologiéslephone lines and wireless signals),
computers, software, storage- and multimedia systémenable a user to perform common
tasks on data and information. The hypothesis loetiie growing induction of ICT in a
variety of domains is that better information amanemunication furthers the development of
its field of application.

The main issue with ICT, that is also very pertinem VPH, is security. In the last two
decades a myriad of electronic attacks, malwarkevabilities and intrusions in the domain
of ICT have been observed. There are several prolleeas where security related issues
impact ICT negatively. Some of these areas, paatilyuof interest in large VPH related
projects, are: security awareness and traininggde®mplexity and multiple layer approach.

Training of network administrators and technicahffst who are in charge of ICT
infrastructure and security, is one of the mosidogst marginalised aspects, of setting up a
secure ICT infrastructure, that result in poor siggtandards. Due to lack of funding and /or
support from the top management underqualifiedf $taf deal adequately with security
issues. In large VPH related projects, where sévmaeners are engaged in developing,
deployment and maintenance of the ICT infrastrggturaining to impart a common
understanding of the security standards and metbb@saplementing them becomes highly
critical.

In large consortiums the infrastructure that mustsoipported as part of the overall ICT
infrastructure is very diverse. This applies nolyao the backend, or server side, resources
shared by the consortium but also the user machiigésh act as client terminals for the
services. Further, diverse user needs result iarskvsoftware which require equally divert
and complex backend and middleware support. A damplexity must be effectively and
efficiently managed in a successful project. Theiglte complexity, of ICT infrastructure for
VPH related projects, is due to the sophisticatemtlppcts and hardware involved as well as
due to the diversity of user needs that must be Weile ICT infrastructure is already very
complex the trend for the future only indicated reveore complexity as more specialized
hardware and software become available. Thus IGEb&PH projects are likely to suffer in
the future because of complex designs and difficult troubleshooting or supporting
systems. Care must therefore be taken to simgksigns in the infrastructure as much as
possible to keep the future expectations manageable

A closely related issue to the one raised by desagnplexity, for ICT infrastructure, is that
of the very prevalent multiple layer approach inickhmodern software operates. Consider
for example a user accessing a service using theser. The communication between the
users machine and the remote machine involves aelagers of software — OS, Network,
Application etc — in order for the communicationdmmplete. This multiple layer approach
naturally deteriorates the security of ICT systeand increases the complexity of the design.
The ICT infrastructure management teams must thexefonstantly evolve the software and
hardware to meet challenges posed by unforeseeraations between applications, which
lead to vulnerabilities in the system.
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Yet another major challenge faced by ICT for VPHted projects is conforming to the legal
and ethical standards. The soft requirements intted by the legal and ethical standards can
translate into extremely challenging technologregjuirements. An effective legal framework
would account for: (i) the scope with which perdodata is used; (ii) the introduction of a
complex delivery system into a direct doctor-patiennsulting healthcare setup, involving
multiple users and communication methods. Theseresult in multiple levels of design
complexity to be introduced in order to meet thgureements introduced. Key areas, which
ICT challenges are introduced due to legal aspEcisVPH project are — managing informed
consent, reidentification attacks and annonymisatiopatient data.

Patient consent, in a VPH, is very complex, morelheam traditional healthcare solutions,
since a VPH employs new technologies to providenstigated patient data sharing and use
abilities. Consent is a fundamental element inréha&tionship between patients and healthcare
professionals and informed consent implies shagegdansibilities. Often this results in very
stringent requirements on confidentiality, integmif software and individual practices from
the staff. Developing ICT solutions that providguantifiable support for these requirements
is challenging and often results in large systdmas are difficult to maintain.

In VPH, there is the need to protect patient piyyaaking care not to share any identifiable
information, while providing sufficient data fordldata sharing to be useable. Typically this
is achieved through the use of PseudonymisatiorDeidientification steps in an ICT system.
Sophisticated implementations of achieving these wery important tasks exist and must be
used in order to provider the required privacy. ldeer, the requirements of different VPH
related projects vary and therefore tailored soh#i must be developed within the ICT
infrastructure to ensure appropriate level of supgoavailable for the users of the system to
freely share, use and reuse data. A solution wbeltb develop and adopt Codes of Conduct
specific to the requirements of the VPH. Howeveafirdng such guidelines is difficult and
translating them into appropriate technologicalisohs is complex.

ICT systems are always at a risk of being attaskitiol malicious intent. Such attacks can be
particularly harmful if they are targeted knowingby unknowingly at database / servers
which are engaged in deidentification of patierbrds. Attacks such as these, known as Re-
identification attacks (databases), can allow ttecker to compromise the ICT infrastructure
of VPH project and its implementation instance Ilylating privacy of the user data. Since
patient data privacy is extremely critical theda@ks are particularly high priority and an ICT
system must provide enough security measures totimeehallenge.
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5 Healthcare challenges for the VPH

One of the major challenges for the VPH visionhe tliagnosis and treatment of cancer is the
complex nature of the disease; environmental,difde, ageing and genetic components all
contributing to its pathogenesis. Knowledge gaifteth these different components needs to
be translated into robust and fully reliable congputhodels andin silico” environments that
will help the development and testing of new thexspand better disease prediction and
prevention tools in healthcare. Advances in conmgufpower and associated information
helps towards delivering custom-made clinical deos/treatments based on simulation
studies of the genetic profile of the individuatipat.

What are the healthcare challenges and needs

< Digital health information needs to be shared ajiodbal scale. Data coming from the
same patient will need to be integrated in differaospitals/partners in different
member states or in clinical research databases.

e The information related to various parts and preesf the human body need to be
integrated into a uniform way so as to provide ayst knowledge of the patient’s
pathophysiology.

« This knowledge has to be digitally captured intotadata, ontologies and models in
order to keep up with the combinatorial explosibeagnitive complexity.

* The need to integrate scientific knowledge comimagnf research/clinical practice and
formalize this in guidelines, standards and pramadtimately translating basic science
and integrative models into healthcare benefits.

* Personalised, predictive, and integrative healthcdihere is need for a more
personalized diagnosis, prognosis, treatment phanr@nd monitoring. There is need to
develop “tailored” drugs/therapies as well as maldiclevices and diagnostic
technologies for specific groups of patient subgsias in the case of cancer patients
that are refractory to treatment, or patients wifferent co-morbidities.

* Expenditure of biomedical research needs to be magzd
e Clinical decision needs to be reliable and reprduac
* Privacy of health data

However, it is of emerging importance to colleghunfrom different medical organizations
and hospitals, so as to provide a coherent, fulltifed and detailed description of the
healthcare needs.
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The Digital me/patient vision

The “digital patient” is a powerful vision of future healthcare provisithat aims to contain
all personal/population healthcare (e.g lifestygenotype, clinical, therapy outcome,
epidemiological) information safely managed for esx by the various biomedical
professionals with the approval of the patient, scamicated with all wearable and implanted
technology to constantly monitor patient’s healthiiss and informing the patient, its family
and friends, or healthcare providers of alarmingnés, supporting the collaboration of
various specialists around complex systemic disgasel used with all patient data to predict
the future development of patient’s health in orefacilitate disease prevention and a fully
self-aware lifestyle. VPH provides the supportingrastructure towards achieving this,
although it is not the model itself. Alongside dfiel Physiome, Systems Biology , Personal
Health Systems, Biomedical Informatics, Life Science-Infrastructures, Systems
Pharmacology,VPH is one of the domains that share one commomejsthe need for
integration. The implementation of biomedical reskaoutputs into clinical practice and
healthcare industries requires data integratiofprimation, knowledge and wisdom, as
pointed out by Byrne et al (reference no 13).

Wisdom

Knowledge

Information

Data

The vision of a “digital me” that contains all pensl healthcare information, safely managed
for access from the various biomedical professgnabmmunicated with wearable and
implanted technology to constantly monitor the tieatatus and informing the individuals,

peers, or the related healthcare providers, suipgottie collaboration of various specialists
around complex systemic diseases, and used witlpadient data to predict the future

development of the health in order to facilitatsedise prevention and a fully self-aware
lifestyle, is a powerful and ambitious vision, It challenges are huge.
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In order to approach the “digital me” challenge @¥PH projects need to integrate data,
information, knowledge and wisdom. We need to iraegdata of the same patient stored in
different hospitals in different member states rorclinical research databases; we need to
integrate the information related to various pamsl processes of the human body into a
systemic understanding of pathophysiology; we nieethtegrate the knowledge digitally
captured into metadata, ontologies and modelsderao fight the combinatory explosion of
cognitive complexity integrative research is prdadggand we need to integrate the wisdom
produced in the research laboratories and in tinécal practice, so that it can be formalised
in guidelines, standards, and protocols.

Some of the major VPH achievements related to blosexneeds and challenges were:

- the creation of a European Virtual Physiological ntdun (VPH) Institute for
Biomedical Integrative Research, incorporated amoa-profit, non-governmental
international organisation, and

- the first joint meeting of the FP7 projects p-matkcand VPH-Share

The projects p-medicine and VPH-SHarexplore the common VPH topics and were
expressly asked by the European Commission to wlodely together in this area. Within the
scope of this first meeting, which took place ityR2011 in Amsterdam, a joint strategy was
adopted between p-medicine and VPH-Share to exehanfprmation and technical
knowledge regarding both projects. Regular six-thignineetings between p-medicine and
VPH-Share will take place to plan project interaw and to ensure a productive cooperation.

2 virtual Physiological Human: Sharing for HealthearA Research Environmentww.vph-share.e@January,
2012)
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6 Regulatory challenges for the VPH

Validation in Clinical trials

Validation of the tools and models defined by p-moe@ would be in the context of the three
cancer trials: nephroblastoma, breast cancer amteAg/mphoblastic Leukemia (ALL). The

integration of VPH in clinical practice requiresustiards for model validation. Methods are
needed to ensure that models are consistent wéin thaims, accompanied by explicit

statements concerning assumptions and limitatidasgawith care in the acquisition of

validation data and acknowledgement of errors anitdtions.*

First of all the validation of software tools and/dinical research computer systems is
required by regulatory guidelines on Good CliniPahctice (GCP) (see section 6.1.1 of this
report). The rationale for validation has a compgdackground but close to its complexity it
makes as well a good business sense by ensurititygtiaeliness and efficiency.

The published results of a surdépf the European Clinical Research InfrastructiNesvork
(ECRINY® CENTERS suggests that although quality managensystems for data
management are in place in most European clines¢éarch CENTERS, there exist some
deficits in the area of system validation. The syrshows that about 90% of CENTERS have
a Clinical Data Management Systems (CDMS) in rautise. Of these CDMS nearly 50% are
commercial systems; Open Source solutions donyjtglaajor role. In general, solutions used
for clinical data management are very heterogene@Qs different commercial CDMS
products (7 Open Source solutions) in addition #1.& proprietary systems are in use. The
most widely employed CDMS products are MACRO angtGa System, followed by
solutions that are used in at least 3 CENTERS: e®tek Network, CleanWeb, GCP Base
and SAS. Although quality management systems ftat deanagement are in place in most
CENTERS/units, there exist some deficits in theaané system validation. As result the
researchers suggest that standards like CDISC i¢@linData Interchange Standard
Consortium) should be implemented more widely. Addelly, ECRIN if promoting the
strategy of establishing certified data CENTERSupport electronic data management and
associated compliance needs of clinical trial CER®ENn Europe.

One of the prominent last achievements is that BCRbposed the stand&Pdntended to
provide an open and widely used set of requiremimt§&sCP-compliant data management,
particularly in academic trial units which is ofghi relevance to p-medicine project related

23 Clapworthy GJ, Kohl P, Gregerson H, Thomas SRettimti MD, Hose R, Pinney D, Fenner J, McCormack
K and Lawford P, et al. Digital Human Modelling: @lobal Vision and a European Perspective. Lecture$
in Computer Science, 2007 (4561): 549-558.

24 Kuchinke W, Ohmann C, Yang Q, Salas N, Lauritseueyffier F, Leizorovicz A, Schade-Brittinger C,
Wittenberg M, Voko Z, Gaynor S, Cooney M, DoranNPaggioni A, Lorimer A, Torres F, McPherson G,
Charwill J, Hellstrom M, Lejeune S. Heterogeneitgvails: the state of clinical trial data manageterzurope

- results of a survey of ECRIN CENTERS. Trials. @@l 21;11:79.

% ECRIN, http://www.ecrin.org(January, 2012)

% Ohmann C, Kuchinke W, Canham S, Lauritsen J, S¢/&8chade-Brittinger C, Wittenberg M, McPherson G,
McCourt J, Gueyffier F, Lorimer A, Torres F; ECRIWorking Group on Data CENTERS. Standard
requirements for GCP-compliant data managementiltimational clinical trials. Trials. 2011 Mar 22,B5.
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clinical trials. The standard includes 115 IT regments, split into 15 separate sections, 107
DM requirements (in 12 sections) and 13 other megoents (2 sections). Sections ITO1 to
ITO5 deal with the basic IT infrastructure whileOB and ITO7 cover validation and local
software development. ITO8 to ITO15 concern thesaspof IT systems that directly support
clinical trial management. Sections DM01 to DMO3/e&othe implementation of a specific
clinical data management application, i.e. for acdpc trial, whilst DM04 to DM12 address
the data management of trials across the unit.ided¢NOl is dedicated to international
aspects and STO1 to the competence of a trial's sietff.

The presented ECRIN standard close to other availalodel validation requirements have
been already covered in the frames of previous WE@/erables. All will serve as a
background for further p-medicine deliverables antivities related to p-medicine platform
development, evaluation, certification and validati

Certification challenges and compliance with EU legislation

According to the European Medicines Agency (EMAY ahe World Health Organization
(WHO), Good Clinical Practice (GCP) is a processcwhincorporates international ethical
and scientific quality standards for designing,oreding and reporting trials that involve the
participation of human subjects. Compliance witls thtandard provides public assurance
that: 1) the rights, safety and wellbeing of tsabjects are protected; 2) the clinical trial data
collected during the trial is credible.

The protection of clinical trial subjects is conerg with the principles set out in the
Declaration of Helsinki with adoptiorfé.This is a statement of ethical principles devetbpe
by the World Medical Associatioff. Requirements for the conduct of clinical trialstire
European Union (EU), including GCP and good martufagy practice (GMP) and GCP or
GMP inspections, are implemented in:

« the Clinical Trial Directive (Directive 2001/2008°
« the GCP Directive (Directive 2005/28/E¥).

All p-medicine clinical trial-related activitiespals, software and services will be in strict
conformance with the above EC directives.

Taking into consideration both the guidelines frtme WHO and EMA, following are the
basic principles of GCP3*

2 http://www.wma.net/en/30publications/10policies/B8ly 2011

%8 http://www.wma.net/e/ July 2011

29 DIRECTIVE 2001/20/EC OF THE EUROPEAN PARLIAMENT ANOF THE COUNCIL of 4 April 2001,
Official Journal of the European Communities, 2001

%0 COMMISSION DIRECTIVE 2005/28/EC of 8 April 2005 ffizial Journal of the European Union, 2005
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1. Clinical trials should be conducted in accordand the ethical principles that have
their origin in the Declaration of Helsinki and thexre consistent with GCP and the
applicable regulatory requirement(s).

2. Before a trial is initiated, foreseeable risks andonveniences should be weighed
against the anticipated benefit for the individai@l subject and society. A trial
should be initiated and continued only if the aptited benefits justify the risks.

3. The rights, safety and well-being of the trial ®ddg are the most important
considerations and should prevail over interestcmnce and society.

4. The available non-clinical and clinical informatian an investigational product
should be adequate to support the proposed clitria&l

5. Within GCP, clinical trials should be described anclear, detailed protocol. The
sponsor, often in consultation with one or morenicll investigators, generally
designs the study protocol; clinical investigatoray also design and initiate clinical
studies, as sponsor-investigators. Integral toogritdevelopment are the concepts of
risk identification, study design and control grepupnd statistical methodology. The
sponsor and clinical investigator(s) should be awair any national/ local laws or
regulations pertaining to designing, initiatingdasonducting the study.

6. A trial should be conducted in compliance with @ivetocol that has received prior
Institutional Review Board (IRB)/Independent EthicCommittee (IEC)
approval/favourable opinion.

7. The medical care given to, and medical decisiondentn behalf of, subjects should
always be the responsibility of a qualified phyaicior, when appropriate, of a
qualified dentist.

8. Each individual involved in conducting a trial skibwe qualified by education,
training, and experience to perform his or her eetipe task(s). Clinical investigators
must be qualified and have sufficient resources apgropriately trained staff to
conduct the investigation and be knowledgeable lé nhational setting and
circumstances of the site and study population§onsors should review the
requirements of the study protocol to determinetyipe(s) of expertise required and
identify clinical investigators who have the pauter medical expertise necessary to
conduct the study and who have knowledge, traiamg) experience in the conduct of
clinical trials and human subject protection.

9. Freely given informed consent should be obtainethfevery subject prior to clinical
trial participation. The clinical investigator hasimary responsibility for recruiting
subjects, ensuring that only eligible subjects enmlled in the study, and obtaining
and documenting the informed consent of each sub)ithin GCP, informed
consent must be obtained from each study subjémt far enrolment in the study or
performing any specific study procedures.

31 |CH Topic E 6 (R1) Guideline for Good Clinical Rtae, Note for guidance on clinical practice, EMAly
2002, CPMP/ICH/135/95

%2 WHO-Handbook for good clinical research practi@&CP): guidance for Implementation; Clinical trials-
methods. World Health Organization. ISBN 92 4 15B39NLM classification: W 20.5)
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10. All clinical trial information should be recordetdandled, and stored in a way that
allows its accurate reporting, interpretation ardfication.

11.The confidentiality of records that could identiBubjects should be protected,
respecting the privacy and confidentiality rulesaeocordance with the applicable
regulatory requirement(s).

12.Investigational products should be manufacturedidieal, and stored in accordance
with applicable GMP. They should be used in acaoecdawith the approved protocol.
GCP requires that sponsors control access to thestigational product and also
document the quantity(ies) produced, to whom tleglpet is shipped, and disposition
(e.g. return or destruction) of any unused supplBESP also requires investigators to
control receipt, administration, and dispositiorited investigational product.

13. Systems with procedures that assure the qualigvefy aspect of the trial should be
implemented. Appropriate support systems and tagititate the conduct of the study
and collection of data required by the protocolp@ut systems and tools include, but
are not limited to, trial-related information docents (e.g. investigator's brochure,
case report forms [CRFs], checklists, study floveeth, drug accountability logs,
computer hardware and software, electronic patdkaties, and other specialized
equipment. The sponsor is generally responsible developing, maintaining,
modifying, and ensuring the availability of suppsystems and tools for conducting
the trial and collecting and reporting requiredadat

Need for GCP-Compliant Clinical Data Management Solutions

CDMS are required in clinical research so as toagarthe increasing amount of data that
must be collected, processed and analysed in alingsearch, whether that data is initially
captured remotely and directly from clinical siteshg Remote Data Capture (RDC), or using
more traditional paper based methdts.

In general, trial data are collected at investigaites with appropriate CRF forms, queried,
cleaned, stored and analysed with the CDMS. Tocaedhe possibility of errors, a CDMS
employs means to verify the correctness and plaigiof entered data. Another function of
CDMS is to code data or to generate reports. THieatimn of clinical data by means of
electronic forms is called Electronic Data Capt{it®C) or Remote Data Entry (RDE).

The recent paper by Ohmann &f @Heinrich-Heine-University Diisseldorf-UDUS) address
the need for GCP-compliant CDMS, so as not onlgrtiect patients but also to ensure that
the collected data are correct. As the authorsstittee development and maintenance of an
appropriate data management environment is a tohghenge for academic clinical trials
units. Moreover, input from a recent survey haslimed several problems with data
management systems in clinical trials conducteacatiemic centef$.This survey addressed
the following issues:

% Kuchinke W, Ohmann C. A technical introductionthe basic requirements of clinical trials. EJHPRB.
pp. 20-22.
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a) First of all, there is a significant heterogéynén the use of different software products for
data management. Often proprietary solutions apgace rather than open source or industry
supported commercial products.

b) There are deficits in the quality of data mamaget, including in computer system
validation.

c) Most centers are constrained by limited humad &nancial resources in providing
adequate levels of data management.

d) The complexities of running a local IT/data mgeraent center, especially for international
clinical trials, are underestimated.

e) There exists no widely recognised, specific,cficable and open standard for GCP-
compliant data management and the underlying ITagtfucture, which is both generally
applicable and practical, as well as being openaaadable free of charge.

Establishing a consensus for GCP-compliant data agement, the underlying IT
infrastructure and the relevant indicators of g&&@P practice has been the driving force
behind the European Clinical Research InfrastrestiNetwork (ECRIN) Working Group on
Data Centers. ECRIN is an ongoing EU-FP7 projedciviaims to provide a not-for-profit
platform for the support of pan-European clinicgdearch projects. It does this by connecting
national networks of clinical research centers (SR&hd clinical trial units (CTUs), working
across all disease areas. ECRIN aims at devel@psugtainable infrastructure able to support
the set-up, conduct, and analysis of multinatidnals in Europe.

One limitation/challenge is the extent to whichns or clinical data management centers
have reached levels of GCP compliance, as thesevargyn size, available resources and the
extent of quality management. System validatioransimportant component in ensuring
GCP-compliance of a computer system, but it caprbblematic. “Academic units do not, in
general, have the resources available in the pharchestry to conduct or outsource a ‘full’
validation for every system component, including tiendor audit, and to maintain complete
change managemerf®.In addition, there is no simple way to know how amusystem
validation is necessary or sufficiéhiand the extent and depth of validation required ma
depend on the interpretation of a particular audittd whether a commercial software or an
in-house developed software is used.

As the survey by Kuchinke et al outlines, using C®M clinical trials is characterized by the
impact of regulations on data management (e.g.RE Bart 11, EU GMP Guideline Vol. 4,
Annex 11 Computerized Systems, GCP, data protetdios, e-signature requirements). It is
necessary for clinical centers employing CDMS telement best practices for CRF design,
query resolution, and study start-up in an EDC mmment, including user acceptance
testing, system validation, creation of a data rgangent plan and training of investigators in
the use of the application. These requirements caage considerable pressure on the data
management resources of a data center.

% Mullendore B. Computer Validation Master Plannirifechnical Guide. IVT. 2002.
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In the case of IT requirements, academic clinic&l tunits usually rely upon the IT
infrastructure services provided by the parent oigion, or a commercial host, or another
collaborating trials unit. In that case, data centequire formal written agreements, e.g. in
the form of contracts or service level agreeme®kAE), that ensure that the relevant
requirements of the standard will be met by theapization(s) that provides them. As
stressed out by Ohmann et al, this attempt to doite a new standard into the field of
computer systems in clinical trials must deal witbo related questionsa) What is the
justification for a new requirements standard folals units? and b) how does this new
standard fit in with existing requirements for fisgems, validation, data management etc?

To summarize, heterogeneity of DM software soligionay be a barrier to co-operation
based on trial data exchange, therefore standékdsCDISC should be implemented more
widely. In such a heterogeneous environment, thee afsdata standards can simplify the
exchange of data (for instance clinical, genomtic,) @nd increase their quality for the benefit
of the patient, as well as to enable centers fturéudevelopments. Because DM and the use
of EDC systems in clinical trials are characterizeg the impact of regulations and
guidelines, ethical concerns are also a factothigicontext, quality management becomes an
important part of compliant data management.

P-medicine deliverable D9.1 (“Report of regulat@gd international aspects of clinical
trials”) due on 01/2012 will address and outlineletail the regulatory issues in the context of
the clinical trials in p-medicine.
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7 Requirements for Clinical decision
support

Clinical Decision Support (CDS) is a critical conmgnt for organizations seeking to improve
the health of the healthcare delivery system. Halpihealth systems and medical groups
already realize that increased patient volume requnore than simply adding staff. It means
leveraging technology to improve care quality, asceffectiveness, efficiency and safety, the
result of which is better care at lower costs. CBStems (CDSSs) are "active knowledge
systems which use two or more items of patient datgenerate case-specific advice".
CDSSs form a significant part of the field of ctiai knowledge management technologies
through their capacity to support the clinical s and use of knowledge, from diagnosis
and investigation through treatment and long-teame.cMany healthcare organizations have
implemented CPOE (Computerized Physician Orderytrdgystems and EHR (Electronic
Health record) Systems. However, challenges remainsystem selection, adoption,
implementation and use:

« Aim is to develop clinically-friendly user interfas in close collaboration with end-
users

* Simulations must be performed on a routine bastkerclinical setting

Four key functions of electronic CDSSs are outliime(Perreault and Metzger, 19§9)

* "Administrative: Supporting clinical coding and documentation, ad#aion of
procedures, and referrals.

 "Managing clinical complexity and detailsKeeping patients on research and
chemotherapy protocols; tracking orders, refefi@lsw-up, and preventive care.

» "Cost control:Monitoring medication orders; avoiding duplicateunnecessary tests.

* "Decision support:Supporting clinical diagnosis and treatment plancpsses; and promoting
use of best practices, condition-specific guidejrend population-based management.”

Major challenges towards successful CDS

This section is relevant to Section 10.4 of thelDfkliverable ‘(State of the art review of the
p-medicine environmeny’(30/09/2011).

Successful implementations of CDSS have not beatelwirepeated due to the major
challenges that exist in design, development anglementation of CDSS. Some of these

% Wyatt J, Spiegelhalter D. Field trials of medidakision-aids: potential problems and solutionsClayton P
(ed). Proc. 15th Symposium on Computer Applicationsledical Care, Washington 1991. New York: McGraw
Hill Inc. 1991: 3-7

% Perreault L, Metzger J. A pragmatic framework forderstanding clinical decision support. Journal of
Healthcare Information Management. 1999;13(2):5-21.

x¥x
»x

x
»* 24
X

¥ x ¥ SEVENTH FRAMEWORK
PROGRAMME

Page 33 of 45



p-medicine — Grant Agreement no. 270089

D2.4 Requirements for enhancing VPH models for clinical decision support

challenges have their root in the inherent compjeaf the task of decision making while
others originate from the integration to the clatieorkflow, the technical aspects needed for
CDS implementation, the knowledge maintenance samtiuch more. Of particular interest is
the work by Sittig et al’, who have identified 10 major challenges and diassthose into 3
categories, so as to: a) improve the effectiveim¢<SDS interventions, b) create new CDS
interventions and c) disseminate existing CDS keoge interventions. These 10 challenges
identified are as follows:

1. Improve the human-computer interface (H@PS should unobtrusively, but effectively,
remind clinicians of things they have truly ovelfed and support corrections, or better yet,
put key pieces of data and knowledge seamlessiytimg context of the workflow or clinical
decision-making process, so the right decisionseade in the first plac&:*® According to
Sittig et al, the need for new HClIs is requiredasao facilitate the process by which CDS is
made available to clinicians to help them preverhlerrors of omission and commission.

2. Summarize patient-level informatiorifhe CDS challenge is to intelligently and
automatically summarize all of a patient’s elecicatly available clinical data, both free text
and coded, and to create brief synopses of thergatipertinent past medical history, current
condition(s), physiologic parameters, and curreeatment(s). Ultimately, vast amounts of
data may be reduced to a summary set of indicatlbosving ‘at a glance’ assessment of
patient status.

3. Prioritize and filter recommendations to theru3ée challenge here is to create a robust,
reliable, evidence-based CDS value model, partilyutar intrusive CDS interventions. Such
a system could automatically prioritize recommeimhest according to a multi-attribute utility
model by combining patient- and provider-specifiatad | could, for instance, take into
account factors such as expected mortality or ndd@gbreduction, patient preferences and life
style, cost to the individual or organization, effeeness of the test or therapy, how the
patient might tolerate the recommended interventiooation in the clinician’s workflow,
insurance coverage, genetic and genomic considegatclinician’s past performance, etc.
The main challenge here is to appropriately accdontcompeting influences and values
impacting clinical decision making, and thus clalidecision support. The second challenge
Is to rank in priority order, and reduce the numbecomputer-generated recommendations
that a clinician or patient has to deal with to anageable number based upon an explicit
value model, thus reducing the “alert fatigue’aths a frequent cause of user dissatisfaction.

4. Combine recommendations for patients with cobidities: Most of the current clinical
care guidelines currently ignore co-morbidities fduin many patients, so that these are
addressed by their patient care team. One of dewesaons why clinical guidelines are
underutilized in practice is because they do negadtely address these co-morbidity issues.
Addressing this challenge may require new combma{dogical, or semantic approaches to
combining and cross-checking recommendations fieondr more guidelines.

37 Sittig D, Wright A, Osheroff J, Middleton B, Teich Ash J, Campbell E, Bates D. Grand challenges in
clinical decision support. J Biomed Inform. (20@8)(2): 387-92.

% Berner ES, Moss J. Informatics challenges forittgending patient information explosion. J Am Medorm
Assoc 2005;12(6):614-7.
% Miller RA, Waitman LR, Chen S, Rosenbloom ST. Tdretomy of decision support during inpatient care

provider order entry (CPOE): empirical observatitmsn a decade of CPOE experience at Vanderkitoted
Inform 2005;38(6):469-85
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5. Use free-text information to drive clinical dgioin supportthis is a very significant point
made, considering the fact that at least 50% ofctimécal information describing a patient’s
current condition and stage of therapy resides ha free-text portions of the EHR.
Automatically extracting information from free-textlocuments and structuring it
appropriately for the use of CDS is a challengiagktthat should be addressed in order to
fully benefit from the CDS.

6. Prioritize CDS content development and implemion: As Sittig et al suggestthe
development and implementation of clinical decisgupport content required to help
clinicians and organizations deliver the highestalify, yet still reasonably priced health
care, will take many years.Deciding which content to develop or implemenstfi(e.qg.
interventions to improve patient safety, chronisedise management, or preventive health
interventions) according to pertinent factors Ika&ue to patients, cost to the health care
system, availability of reliable data, difficultyf anplementation, acceptability to clinicians
and patients, and national interests and overaltiheare value is another challenge of CDS
development.

7. Mine large clinical databases to create new CDfg&re is always a large amount of new
guidelines, CDS interventions and knowledge that mnoduced but not yet compiled and

made ready for the use of CDSS. One needs to gewabd test new algorithms and

techniques to allow researchers to mine large aaindata repositories so as to expand the
global fund of clinical knowledge, thus promotinggroved clinical decision outcomes.

However, this development requires the considaratd legal issues for accessing the
databases as well as privacy issues.

8. Disseminate best practices in CDS design, dpuatait, and implementatioMore robust
methods are required so as to identify, describbaluate, collect, catalogue, synthesize and
disseminate best practices for CDS design, devedopnimplementation, maintenance, and
evaluation. Specifically, measurement tools areessary to help identify the most usable,
economical and effective methods of implementingséhCDS-related initiatives. Common
success factors can be derived from the best pegctf CDSS. This kind of knowledge is
frequently not readily available to other organizas seeking to develop CDS programs. To
accomplish this, a consensus on a standard taxonomglinical decision support
interventions and outcomes that would allow us eately describe the best practices is
needed as well as comparison of outcomes betwegenmentations of different systems and
across organizations.

9. Create an architecture for sharing executabl& @iddules and service§he goal is to
create a set of standards-based interfaces tonekiemaintained clinical decision support
services that any EHR could “subscribe to”, in saclvay that healthcare organizations and
practices can implement new state of the art diniecision support interventions with little
or no extra effort on their part. These knowledgedaoies can be loaded into a clinical
information system, or to execute as a remote agrwith the local clinical system invoking
them over a network according to a standardizexifante.

10. Create internet-accessible clinical decisigopsut repositoriesThe challenge here is to
build one or more internet-accessible repositodesigh quality, evidence-based, tested,
clinical decision support knowledge modules. Ugimg architecture described in challenge 9,
these interventions and services could then beyeascessed and/or modified on any
Certification Commission for Healthcare Informatidechnology (CCHIT)-certified EHR
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product?® To accomplish this, standards for accessibilipgnsorship, and trust levels, and

appropriate business models to ensure sustailyadiétneeded.

To summarize, it is noteworthy that there are otttellenges in CDS which are important,
but the above-mentioned clearly represent a pivagal As Sittig et al stresse'st will take
some time to address these and the answers valy likary somewhat, but proceeding down
this path will move things forward”.

Requirements for the use of VPH models and knowledge by the clinical decision support
tools

In order to be able to provide recommendationdhérdontext of a clinical decision, a CDS
system first needs to extract the needed clinicamwkedge with semantics. Therefore, the
following challenges need to be overcome:

Representation and elicitation of medical knowledgedical knowledge needs to be
extracted from literature, clinical trials and gelides.

* Linkage to machine-processable semantics. To auicaiig combine data from
multiple sources the understanding of the semaistiessential.

* Linkage to patient data. The knowledge extracteglad¢o be semantically linked to
patient data from multiple sources. Therefore, ethaemantics is required to enable
machine-processability.

* Additionally, seamless integration within the caverkflow is a key success factor.
This also means that only clinically validated Viptbdels can be used as input to
decision support.

The figure below describes the context of a CD$ {Diwere are various sources of knowledge
that are relevant for such a tool. Some of thatwkadge is external and can be stored in
public repositories or in proprietary sources obwiedge (e.g. publishers accumulate large
amounts of clinical knowledge in the form of sciBatarticles, published guidelines, etc.).
The format and the representation of the availkbtevledge are also essential for the use in
a decision support tool, with the use of standaras$ of shared semantics always a plus. The
significant and steadily growing cloud of Linked tBa(RDF-based), built through a
community effort, is a very valuable source that ba easily integrated and freely used in a
CDS tool.

0 Certification Commission for Healthcare Informatidechnology Certified Ambulatory Electronic Health
Record (EHR) Products — Available at: http://wwvhitorg/certified/products.htm
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However, there are other sources of relevant kraydehat are public but not in a format that
can be automatically processed and understoods@such content in a CDS tool, one needs
to clean and structure it and add well defined sdits It would be meaningful in our project
to follow the Linked Data standard for all new krledge we restructure and to contribute it
back to the public domain.

/ External repositories \

Linked Data

Clinical evidence
e.g. risk models

| = s
= EEEREE

CDSforAEs o /

_ _ s | = Literature &
ot o

guidelines

7 , Predictive | . CTS |
EHR LIS ___models_J

Additionally, P-Medicine will generate new knowlexlgased on clinical trial data and part of
the VPH modelling effort. These predictive modeil be highly relevant input for the CDS
tools. Prerequisites to use those models in the GW&ext are proper clinical validation and
semantic representation. The P-Medicine model repgshould also include comprehensive
metadata that will fully describe the models aneirtluse. Next to helping users understand
the models, this descriptive data will be usedh®y €DS tools to show the clinical user the
origin of the model, the validation, the data bagedvhich it was generated, the applicability,
versioning, related models, etc.

It is of key importance for any recommendation usedupport a clinical decision that the

clinical user has full access to all the backgroahthe recommendation to be able to make
an informed decision of whether the recommendasasound and applicable to the concrete
patient case. This requirement is therefore alggicgble to recommendations generated
based on VPH or predictive models in general.

Finally, shared standardized semantics (in termsstandards for data models, ontologies,
terminologies) with the other sources of knowledge data used in the CDS tools are an important
argument to promote the use of the VPH models 28 C
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8 VPH in the P-medicine environment

VPH models are considered as a means to accongarsionalized medicine, aiming towards
better clinical decision. Individual healthcare gittoners and institutes need to be able to
access and share a large volume of patient-specfbecmation. The VPH integration in p-
medicine would aim to develop patient-specific comep models for personalized and
predictive healthcare and ICT-based tools for modgland simulating human physiology
and disease-related processes. As outlined eatere are several requirements for tools,
methods and services for VPH research regarding:

* The interaction between p-medicine environmenttaedVPH toolkit
» The secure and safe storage of data

 The seamless integration of clinical care datal tlata, hospital information system
data and research data

* The process of evaluation and verification of tpolethods and services
* The process for the certification of GCP compliaais

Moreover, WP13 (Task 13.3) will be dealing with thegquirements for enhancing VPH
models addressed in this report. Data from thedireancer trial will be used for the
validation of decision making tools and data aatjors, sharing, joining and analyzing and
the breast cancer neoadjuvant pharmacodynamic pihase will be used to extend the VPH
tools.

Meeting the biomedical challenges in p-medicine

VPH Modelling and the Integrated Oncosimulator

The Oncosimulator is a concept of multilevel intgyre cancer biology, a complex
algorithmic construct, a biomedical engineeringtaysand eventually a clinical tool which
primarily aims at supporting the clinician in thepess of optimizing cancer treatment in the
patient individualized context through conductingerimentsin silico. Additionally it is a
platform for simulating, investigating, better umstanding and exploring the natural
phenomenon of cancer, supporting the design aedpir@tation of clinicogenomic trials and
finally training doctors, researchers and intembspatients alike* 4243444546478 the

4l Stamatakos, G. S. and Uzunoglu, N. Computer Siioulaof Tumour Response to Therapy. Cancer
Bioinformatics: from therapy design to treatmentitédl by Sylvia Nagl , John Wiley & Sons, Ltd.,
Chichester,UK,2006

42 Stamatakos G.S., D.D. Dionysiou, N.M. Graf, N.Aofr@, C. Desmedt, A. Hoppe, N. Uzunoglu and
M.Tsiknakis. The Oncosimulator: a multilevel, ctally oriented simulation system of tumor growthdan
organism response to therapeutic schemes. Towhedslinical evaluation of in silico oncology. Pr@&th
Annual Intern Conf IEEE EMBS. Cite Internationdlgon, France Aug 2326. SuB07.1: 66286631, 2007

43 D.D. Dionysiou, G.S. Stamatakos, D. Gintides, Nubbglu, K. Kyriaki Critical Parameters Determining
Standard Radiotherapy Treatment Outcome for Glgibtaa Multiforme: A Computer Simulation The Open
Biomedical Engineering Journal 2, 43-51, 2008
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context of p-medicine, three multiscale simulatioadels corresponding to the three tumour
types to be addressed i.e.nephroblastoma, breasércand acute lymphoblastic leukaemia
are being developed. The models make use of malkig@maging, histological, molecular,
clinical, treatment) data of the patient and foools tumour response to treatment
(chemotherapy, targeted therapy, radiotherapy amubmations). Discrete mathematics
serves as the main mathematical tool whereas eamisymathematics is recruited in order to
address special facets of cancer treatment andniespThe modelling core developed by the
In Silico Oncology Group, Institute of Communication and @aomer Systems - National
Technical University of Athens (ICCS-NTU&Rand extended within the framework of the
EC funded ACGT and ContraCancrum projects serveshasdevelopment basis of the
models. For each solid tumour case a discretizatiesh is superimposed upon the anatomic
region of interest and the most critical biologiaad biophysical rules (or “laws”) are applied
on each geometrical cell of the mesh at each Viggan of the region to take place at
intervals of one time unit (e.g. 1 h). In the caddeukaemia a non-spatial compartmental
model of cells distributed over the various protifieve potential cell categories serves as the
basis of the corresponding Oncosimulator modell Gglling, symmetric and asymmetric
cell division, metabolism, molecular profile, keyolacular interactions and survival fraction
following treatment represent some of the key rwégshe models. The treatment limits
imposed by normal tissues will also be taken irtcoant. The development of all models is
strictly driven by the corresponding clinical trigdotocols. These three models constitute the
simulation basis of the p-medicine Oncosimulatod avill be clinically adapted/validated
using one clinical trial per model.

The p-medicine Oncosimulator models will be quatirely adapted to clinical reality by
exploiting sets of real multiscale biodata inclglimaging (where applicable), histological,
molecular, clinical, and treatment data producedhayclinical trials of the project. Clinical
trial data will also be used in order to optimizelavalidate the simulation codes. To this end
the following clinical trials will be used:

i) For the nephroblastoma model: the nephroblast@@P 2001/GPOH clinical trial
including the antigen scenario (ACGT version).

i) For the breast cancer model: the breast cameeacizumab-1 and -2 trials

lii) For the acute lymphoblastic leukaemia modleé ALL BFM 2000 clinical trial.

4 G.S.Stamatakos, D.D. Dionysiou Introduction of Eypatrix and Operator Notation into a Discrete
Mathematics Simulation Model of Malignant Tumour sBense to Therapeutic Schemes In Vivo. Some
Operator Properties Cancer Informatics 7, 239 5 2609

% Graf, N., A. Hoppe , E. Georgiadi, R. Belleman, @esmedt, D. Dionysiou, M. Erdt , J. Jacques, E.
Kolokotroni, A. Lunzer, M. Tsiknakis and G. Stanlaia. 2009. "In silico oncology" for clinical deasi
making in the context of nephroblastoma. Klin Pagd221: 141149

% G. S . Stamatakos, In Silico Oncology Part I: @hfly Oriented Cancer Multilevel Modeling Based on
Discrete Event Simulation iMultiscale Cancer Modelingedited by Tomas Deisboeck and Georgios S .
Stamatakos, CRC Press 2011, Pages 407-436, PBiNt B58-1-4398-1440-6, eBook ISBN: 978-1-4398-1442-
0, DOI: 10.1201/b10407-19ttp://www.crcnetbase.com/doi/abs/10.1201/b10407-19

4" N. Graf, Chapter 19. In Silico Oncology Part lltifical Requirements Regarding In Silico Oncology,
Multiscale Cancer Modeling, Edited by Tomas Deistho@nd Georgios S . Stamatakos, CRC Press 201&sPag
437-446, Print ISBN: 978-1-4398-1440-6, eBook ISBN8-1-4398-1442-0, DOI: 10.1201/b10407-20
http://www.crcnetbase.com/doi/abs/10.1201/b10407-20

“8G.S.Stamatakos, E.Ch.Georgiadi, N.Graf, E.A.Kolokei; and D.D.Dionysiou, "Exploiting Clinical Trial
Data Drastically Narrows the Window of Possible ufioihs to the Problem of Clinical Adaptation of a
Multiscale Cancer Model", PLOS ONE 6(3), €175941 20

49 www.in-silico-oncology.iccs.ntua.gr
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Meeting the ICT and regulatory challenges in p-medicine

Implementation of the information system in p-meéwkcin order to meet the ICT and
Regulatory challenges can be found detailed irnveidble D3.2 (Initial System Architecture).
Several aspects such as security, pseudonymisé&i@nonymization are critical in p-
medicine in order to meet various standards ansethave been elaborated and discussed in
the aforementioned document.

Meeting the CDS challenges in the context of the clinical trials in p-medicine

CDS is the most important goal of p-medicine-depetbtools. Clinicians need to efficiently
access all relevant data and infer knowledge nacgss reach the most accurate diagnosis
and prescribe the most suitable treatment. By ngalge of the latest medical evidence, CDS
solutions will support clinicians to provide perstined treatment and improve patient
outcomes. As discussed in chaptefReéquirements for clinical decision supportf this
report, overcoming the challenge of reducing erraguires proper implementation and use
of CDS systems. A second main goal is to enableptheention and early identification of
potential adverse events to a treatment/drug, detifying those patients most susceptible to
develop serious adverse effects, overall aimingatds optimizing clinical trial design.

Based on the clinical scenarios proposed in DD2f{nition on scenarios and use cases and
report on scenario based user needs and requirestient30/09/2011), CDS-related
requirements were identified as part of D13:CS scenarios and requirements for the
clinical decision support tool9”(31/10/2011).

Requirements for CDS in Breast Cancer, Nephroblastoma and ALL

In the case of breast cancer, the aim would ben $uitable biomarkers predictive of
response to metronomic chemotherapy. Tools neduktdomain-independent for usage in
other cancer domains. Moreover, there is needni firedictive biomarkers that will help
clinicians to identify potential patient subgroupat will benefit the most from metronomic
chemotherapy.

Requirements for CDS tools in Oncosimulator scenario

« To predict the likely response of a given patietsast cancer to one or more candidate
treatment schemes while toxicological limitatioms taken into account.

 To clinically adapt and validate the breast car@ecosimulator in such an extent so as to
allow its clinical translation.

» Personalization of treatment, optimization of tne@ant outcome, increase of life expectancy
and improvement of the quality of life.

Requirements for CDS tools in Biobank scenario

A biobank, also known as a bio-repository, is aceléhat collects, stores, processes and
distributes biological materials and the data assed with those materials. These may
include human bio-specimens such as tissue or bludl related clinical information
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pertaining to the donor of that bio-specimen. Pdsievill be able to access the biobank data
stored on them with the data “translated” into agoa friendly format and language. Some of
the requirements for CDS tools identified involveilgg appropriate meaning to the biobank
data for patients, displaying the information irway that is suitable for all patients with
differing levels of understanding and educatiorccéss to each of the biobank repositories is
also a requirement.

Requirements for CDS in Patient empowerment scenario

Although patients are typically seen as the reaigi®f care, personalized medicine aims at
better enabling patients themselves to be partitgpand guides in their own health care.
.Patient empowerment pervades clinical practia@shimg and research: patients are expected
to take control over their illnesses or treatmemtere possible, and doctors are expected to
encourage or 'empower’ them to do so. Thus, theeabpatients will be strengthened in p-
medicine by allowing them to decide at any time tad of research is allowed to be done
with their data and their own biomaterial. Patiemipowerment is based on information
coming from research. Only by using this informati® educate patients shared decision
support is possible. This will enhance transpardncypatients in the healthcare system and
will convince patients to use their data for reskgurposes.

The relationship between a physician and his/héiepiais crucial to quality care. The
acceptance of decision support systems dependsorability to cater to this need. Systems
have to make the physician feel more equippedduige better care while instilling trust and
confidence in the patient that the technology isanceplacement of the physician, but a tool
that enhances the treatment process. Towards auhievhis, the following
needs/requirements have been identified:

e The need to help physicians to better understaedptychological and cognitive
aspects of the patients so that they can find &st therapeutic approach giving them
information and treatments personalized on theedsend values finding.

* The need to increase the power of patients duhiadgherapeutic process.

« To create a fast, easy-to-use tool to collect deden patients that can be easily
interpreted by physicians.

 The need to give patients the possibility to mantteeir feelings and quality of life
through the use of internet-based questionnaires.

* The need to obtaining a personal patient’s prafitech will help physicians to better
understand the patients and their needs.

e The need to ask patients to answer the questi@manill help increase their
participation and their level of empowerment. Theeadh to provide information to
patients in a language and style that they compithe

e The need to provide information to patients in aglsage and style that they
comprehend
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9 Conclusions

One of the most ambitious goals of systems biolsgy model human physiology. VPH is
systems biology written on the largest of scales,aamethodological and technological
framework within which it is possible to represéim human body as a single, coherent and
dynamical system. It reaches down to the leveheftiuman genome, and up to the whole
human (and beyond, into population studies)”. Mwoegp cancer is a complex disease
characterized by multiple types of biological imtetions across diverse physical, temporal,
and biological scales. This complexity presentsstaritial challenges for the characterization
of cancer biology, and motivates the study of cantéhe context of molecular, cellular, and
physiological systems. Modelling cancer also rezgia precise simulation of tumour growth
and tumour/normal tissue response to a variety rofygl and therapeutic regimens, i.e.
chemotherapy, radiotherapy and their combinati@ystimal simulation of the disease and
therapy response, therefore, would translate istteb clinical decision making. Because of
the complex and heterogeneous nature of the dissiselating cancer behaviour creates a
multitude of challenges in the biomedical settifgechnically, the design anoh silico
implementation of a cancer simulator is a monumeatk that has been extensively pursued
for the past few decades. One of the key endeawdyssmedicine is to develop and utilize
advanced VPH cancer models in order to both integnaultiscale information available
through the patient’'s heterogeneous data and pFawidational decision support tool to the
clinician based on the virtual reproduction of ndithensional cancer dynamics. Tools and
services developed for this purpose in p-mediciilebe evaluated and validated before they
will be integrated in clinical daily practise orgspective clinical trials for decision-making.
This report has focused on addressing the varidwalenges or hurdles (biomedical,
healthcare, IT, legal) accompanying the developrénPH cancer models and their usage
in the scope of personalized medicine, as welloas these will be surmounted in p-medicine.
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Relevant Publications

The following p-medicine reports are relevant tap?2

D2.1 “State of the art review of the p-medicine iemwvment” (30/09/2011)

D2.2 “Definition on scenarios and use cases andrtegn scenario based user needs and
requirements” (30/09/2011)

D3.1 “State-of-the-Art report on Standards” (31418/1)
D3.2 “Initial system architecture” (31/01/2012)

D7.1 “Report on overall system design including VBrare D2.2 and indicating its impact”
(30/09/2011)

D9.1 “Report on regulatory and international aspeat the clinical trials” (contractual
deadline 01/2012)

D13.1 “CDS scenarios and requirements for the@indecision support tools” (31/10/2011)

SEVENTH FRAMEWORK
PROGRAMME

Page 43 of 45



p-medicine — Grant Agreement no. 270089

D2.4 Requirements for enhancing VPH models for clinical decision support

Appendix - Abbreviations and Acronyms

ALL Acute Lymphoblastic Leukemia
CDISC Clinical Data Interchange Standard Consortium
CDMS Clinical Data Management Systems
CDS Clinical Decision Support
CDSS CDS Systems
CPOE Computerized Physician Order Entry
CRC Clinical Research Centers
CTU Clinical Trial Units
CRF Case Report Forms
DM Data Management
ECRIN European Clinical Research Infrastructures Network
EDC Electronic Data Capture
EHR Electronic Health record
EMA European Medicines Agency
GCP Good Clinical Practice
HCI Human Computer Interface
CCHIT Certification Commission for Healthcare Information Technology
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ICT Information and Communications Technology
RDC Remote Data Capture

RDE Remote Data Entry

SLA Service Level Agreements

VPH Virtual Physiological Human
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