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Like a shattered glass
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Building the Virtual Physiclogical Human
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The Human Jigsaw mgm

Building the Virtual Physiclogical Human
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Integrative research v
The Integrative Research approach requires
a radical transformation on the way
biomedical research is conducted

That is why it is necessary to create a
framework made of technology and
methods

This framework is called

Virtual Physiological Human
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What is the VPH~ wmai.niﬂmte

The Virtual Physiological
Human is a methodological and
technological framework that
once established will enable
the investigation of the human
body as a single complex
system.

© 2011 VPH Institute 5



Why predictive models? mn

Institute

the Virtual Phy siclcgical Humal
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Integration across... e
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Integration across...
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Organ systems
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Knowledge domains

BioEngineering
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Where the VPH began

Final document of the Workshop:

“Towards virtual physiological human: Multilevel
modelling and simulation of the human anatomy
and physiology”

Barcelona, 1-2 June 2005

FP6 STEP: A Strategy for the EuroPhysiome.
Outcome of consultation/STEP roadmap
document was FP7 call 2 Objective ICT-2007.5.3:

Virtual Physiological Human

© 2011 VPH Institute

VIRTUAL PHYSIOLOGICAL HUMAN
White paper

Seeding the
EuroPhysiome:
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VPH Network of Excellence

e 14 Core Partners % .

4 UK (UCL, UOXF, UNOTT, USFD) XI;EI; zgsgl;gﬁﬁléaéﬂs
3 France (CNRS, INRIA, ERCIM)

2 Spain (UPF, IMIM)

1 Germany (EMBL [EBI])
1 Sweden (KI)

1 Belgium (ULB)

1 New Zealand (UOA)

1 Italy (IOR)

e Associate / General Members

33 General Members (Academic Institutions)
9 Associate Members (Commerical/Industrial Entities)
... and growing

© 2011 VPH Institute
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FP7 call 2 projects
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%~~~ Clinically Oriented Translational
| Cancer Multilevel Modelling

» ContraCancrum will integrate
molecular, cellular, tissue and

higher level modelling concepts Multi-level data Multi-level modelling
into a single technological entity Vodell T T Sl Sirmalat
that will simulate therapy at the cellular Therapy A Therapy B
outcome based on the level :

individual patient information.

. Modelli
« This could serve as a powerful  3ithe molecular

weapon to better understand level
and fight cancer. The most
important IT challenge is to Simulating tissue _
integrate across different scales = biomechanics

into an integrated cancer
therapy/growth simulator.

Tumour image

« The primary clinical challenge is  anaysis @ P g

; time

to gather histopathology, and visualization
microarrays and multi-modal
imaging exams (eg DT-MRI Multi-level M odelling In Silico Optimal therapy planning

CT, etc) of the same patient. "

* A significant validation on lung and brain cancer cases will demonstrate the added value of
modelling assisted cancer therapy design and will pave the way for its future clinical use.

http://www.contracancrum.eu/

Kostas Marias — ICS FORTH



PreDiCT: Computational oreD||CT
Prediction of Drug Cardiac Toxicity

Aim: to identify new biomarkers of drug-induced cardiotoxicity using
computational modelling and simulation techniques

Drug/lon Channel model
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”rtual liver

network
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A Major National Initiative

Funded by the German Federal Ministry L g‘...::.:" 0’.‘:"'...::"
of Education and Research
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What 1S VPH—P _;,/; VPH

A Institute
* Cover all organ systems, all scales.

* Large-scale research initiative.

e Started in 2005, > €200m funding, > 2000
researchers in Europe.

* |International ramifications in USA, Japan, Korea,
Australia, China, etc.

* A network of Excellence, a congress, three
special issues on TRS, a virtual institute

© 2011 VPH Institute



Join the VPH Institute today!

2011 membership is free
https://www.biomedtown.org/vphinstitute/

First General Assembly:
28 September 2011 &
Universitat Pompeu Fabra B

© 2011 VPH Institute
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Collaborative production of
Integrative knwoledge

¥
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DIKW Pyramid

(/\ﬂ PH
Institute

Building the Virtual Physiclcgical Human

Validation, confirmation,
efficacy, impact

A

Predictions, estimates,
tentative answers, beliefs Knowledge

when, what

T et m

Imaging, signals, lab data,
quantified observations

G 21 TI»*ARGOS

Consortium
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VPH Infostructure Emplven

Building the Virtual Physiclcgical Human

Automatic generation of
new wisdom

New from the integration of
data, info, knowledge

New from the integration of
data and information

New from integration of
existing data

G 21 TI»*ARGOS =

Consortium
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* From data to information = Secure Health Data Cloud

— all health data (clinical, personal, research, industrial) into a single cloud virtually
accessible from anywhere, but under strict access control

* From information to knowledge =» Personalised models

— process data into subject-specific predictive models to assist prevention, diagnosis,
planning, treatment, and rehabilitation

* From knowledge to wisdom = A web of predictive models

— all predictive models into an integrative cloud that represents the infinitely
complex system of life

© 2011 VPH Institute
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What's next? i Ve

\ Institute

e Live linked data

— Based on the linked data metaphor:
* Use URIs as names for things
 Use HTTP URIs so that people can look up those names.
* When someone looks up a URI, provide useful information
* Include links to other URIs, so that they can discover more
things.
— Add a new type of linked data, that is the result of
the calculation of a predictive model, which uses as
input other linked data

© 2011 VPH Institute
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VPHOP Technology to fight osteoporosis

Osteoporotic
Virtual Physiological Human
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Model

» ©
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Copyright © 2008-2012 VPHOP Consortium - All right reserved http://www.vphop.eu/ . o
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Integrative modelling works!

L L S R R L

SOTA probabilistic o]

: hypermodel prototype Incidenza e costi delle fratture di femore in Italia:
| General risk of fracture over studio di estensione 2003-2005
' | Italian population > 50 yrs e T,
: P, Paiiel, SLE. Branll', U, Tarnatin, A. Ragriand’, A, [Deaste'”, S, Marsbiry', ¥, Gratlaglians’,
e S0 M Gnme', G, Coglln?, . Glmghuns' G, bces”
‘! e — e s
| Predicted Observed
I incidence: .
: incidence: 0.25%
, (0]
| 0.22% ’
L ;
:(.-: P (- .2-.".0---.0‘ -'e

Istituto Ortopedico Rizzoli

Copyright © 2008-2012 VPHOP Consortium - All right reserved




Clinician interface

VOP Request

B ——— Personalised
7 OP\(lnics T e | Risk assessment

EOS/QT A
B Iratructiona N/ - Welcomae to VPHOP baseline
/' TPy Cange You are logped o a5 & Deta Manager
y/ e e
ccus o & Wy with » 0 Notes & Discrepancies Assigned to Me.
a Oflerers, robe.

} 100 00N | | VPHOR Pr3 ) 500 . . J

DWanE 100

Ii CT /::} 30 R A
X / Bad Dote: J1Y Y12 INSEEM 23 Lo m —~ ?

N . ok 32 £
) D\ e TN T -
/ Approrenl 00 - -
e 2000 scheduled s 1% | svalabic

173 [ =

- ey e [] e i e
4 _/ . V - cemcicned 1 . | removed &5 [22%
7\ sgrad i o —
0 4 Ratuses voced 0 ‘o ]
ActiBelt long S = o e —
J_/ ) de sepped 0 S |

Dots Ertry

Copyright © 2008-2012 VPHOP Consortium - All right reserved

N
Istituto Ortopedico Rizzoli




l_]_—'——l TRecanery e | [ edt | [ wharing | [seanch | [ sanasax | [ taskee | [ casrboard | [ statisecs | [ management |

PhysiomeSpace

manimem Bems per page: < 5 1 [gpdae)

order by el loweer] iy |- e

[e<fion] mml F R OB R O}

& B LHOL_Donor2_Femora_LowesLimbs 2 Soauw (D011-00-21 w0ox ‘

\' o i WHOL_Donor?_Femora OrganlevelCT —' ‘ivml.ﬂl (H2011-03-10 w» 00X _l

l = I LHOL_Donor_1_femara_OrganLevelCT £ &omurw (20110310 e 00% 1
”

# i WHDL_Donorl_Femara LowesLisby ‘mu’u (L)3011-03-10 w» 00X ‘

» d
= I Cadaver]l_LowerlimbsCT_femoral_surfaces ‘mma LL2011-03-01 o= 6667 % ‘
| |l'..'oiu,.- & avikable ot mQutst ‘ DacaScrastis owrer o TP BV QATUISCE waterrey weh the 1etecied Dutaferscrce
Detsfevourie sheady regueited k;'/ Darafasrne splopd dare b‘i‘ add S Duteliesource 1o your Destet
| 'C: alesourte tam be sdded t= your boiet g Detafiesousce metadats quality .v‘""’ CRtaResonste 18 Srendy W% your talbet
Detalienourne Sescrizver (}‘ Detalieroustn biaary e P, e 4 regaeil % the Detaleiouce owe

Copyright © 2008-2012 VPHOP Consortium - All right reserved




g

5
* .
AT

% Service UC: HyperMonitor

Workflow Editor

Initialise workflow #1123

Load 112, *

Send 112, morph = LoadingDB
Send output = OrganLevel
Send 112,iMV = LargeVOIdb
Send output = OrganLevel

Run OrganLevel

OCoOoONOCUTDA,WNE-

Command line

>Vice: help all
Start stop kill warn hold query elapsed
load download erase test help

>Vice: help load
Load <patID>, <VmelD>
This command load a given VME at the
node closest to the next module in
execution.

>

»Load 112, VmeVolumell2a

Copyright © 2008-2012 VPHOP Consortium - All right reserved

Services Status

@ s plus

.EOSppMT

Ansys v12 ‘CTppMT

‘Organ-level
@ Lozding DB

Probab engine

.Octave

@ arge vor DB Open SIM

<-Workflow #1123 executing ....
<~ Patient ID#112 data loaded
<> Querying loading DB ....

<~ Load spectrum stored
<-EOSppMT started

<-EOSppMT finished on
14:44-2012-04-04
<-Organ-level started

<> Querying Large VOI ....

<-CE for patient ID #112 computed
<-Organ-level finished on
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mafEvertBus Module } [ mafEventBus Module ]
~ J l
mafRe sorce
Leasl Sl“."\.

Physiome Space -

i#% MAF3 — hypermodel scenario

Multimod Application
Framework version 3
(MAF3)

Distributed execution
on heterogeneous
architectures

Serialisation to and
from Physiome Space

Wrappers for
modelling
environments
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oL
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3

> ESB
Resources allocation X v X
Execution time - - X
Easy development of workflow v v v
Debug tools v - -
Cross-platform vV v v
Maintenance v v v
Documentation v X v
Extensibility v v v
Re-usability vV v v
Modules availability v X v

Copyright © 2008-2012 VPHOP Consortium - All right reserved
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VPH-FET

Topic # 28:
Benchmark-based editorial
model for computational
modelling research

Marco Vicecontl
Steven Niederer

© 2010-2011 VPH-FET Consor tium
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Problem papers

« Define the research question in term of:
— Semantics (problem ontology)
— Observable quantities & predictable quantities
— Falsification metrics, falsification thresholds

 As soon as a problem paper is accepted, a new stub is
automatically created that links inputs and outputs,
observables and predictions.

« Typically multiple observation papers and multiple theory
papers are connected to a problem paper.

* Problem papers can also re-organise existing observation
and theories into an alternative research question. In such
case semantic mediation may be required.

VPH'fET 52



@bsenrvation papers

« EXxperimental papers that provide the necessary
causation framework required to falsify theories (validate
models)

As soon as an observation paper is accepted, all
theories on that problem are automatically tested against
this new set of experimental results.

Problem papers suggest experimentalists news research
directions for their observational studies

In theory, observations could refuse the problem itself
(i.,e. A do not cause B); in practice in our class of
problems the theories are rarely falsified at this level, but
rather at the mechanistic level, where we try to explain
why A cause B

VPH'fET 53



heony paper

 These are the modeller papers, where an explanatory
theory is proposed for the problem statement, and this
explanation is challenged against all available
observation sets.

« The paper includes the model (or the access to the
model), so to let the system automatically run the model
to predict all available theobservations sets, according to
the falsification metrics.

 As soon as a theory paper is accepted, it is automatically
tested against all available observations, according to
the problem statement.

VPH-FET ”



* Every time new observation or theory papers are
linked to a problem paper, that problem paper
gets cited.

* Every time an observation is used to test a
theory that observation paper is cited. In
addition, when the observation falsifies a theory
it gets a heavy citation.

« Every time a theory is tested against some new
observation it gets a citation. In addition, when
the theory resists the falsification attempt against
an observation, it gets a heavy citation.
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