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Home» Newslist» New postgraduate subject on Multiscale Cancer Modelling and In Silico Medicine (MSCM & ISM)

NEW POSTGRADUATE SUBJECT ON MULTISCALE CANCER
> MEMBERSHIP MODELLING AND IN SILICO MEDICINE (MSCM & ISM)

> GOVERNANCE m» The School of Electrical and Computer Engineering (SECE) of the National Technical

>ABOUT

University of Athens (NTUA) will be opening this new post-graduate course in October 2014.

> COLLABORATIONS

MSCM & ISM will be the first postgraduate subject specifically dedicated to in
>VIDEOS silico medicine. This is a really positive sign for the VPH community that reinforces the
increasing importance of computer simulation in medical research.

> DOCUMENTS The subject has been proposed by Research Professor Georgios Stamatakos, ICCS-
NTUA, a very active VPH member and coordinator of the running VPH project
> NATIONAL NETWORKS CHIC “Computational Horizons In Cancer” (hitp://chic-vph.eu/)

The basic textbook that will be used in the course is "Multiscale Cancer Modeling”, edited
by Tomas Deisboeck and Georgios S . Stamatakos, together with additional material
including the Proceedings of the Virtual Physiological Human Conference held in London
N EWS LE]TER in 2012: "VPH2012 - Integrative Approaches to Computational Biomedicine"

The postgraduate course will focus on the following 8 topics:
Subscribe to the VPH »
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In silico medicine

From Wikipedia, the free encyclopedia

In silico medicine (also known as "computational medicine") is the application of in silico research to problems involving health and medicine. It is the direct use of computer simulation in the diagnosis,
treatment, or prevention of a disease. More specifically, in silico medicine is characterized by modeling, simulation, and visualization of biological and medical processes in computers with the goal of simulating

real biological processes in a virtual environm ent[
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History [ediq]

The term in silico was first used in 1989 at a workshop "Cellular Automata: Theory and Applications” by a mathematician from National Autonomous University of Mexico (UNAM).[Z] The term in silico radiation
oncology, a precursor of generic in silico medicine was coined and first introduced by G. Stamatakos in Proceedings of the IEEE in 2002 I3l The same researcher coined and introduced the more generic term in
silico onculogy.[‘q In silico medicine is considered an extension of previous work using mathematical models of biological systems. It became apparent that the techniques used to model biological systems has
utility to explain and predict dynamics in the medical field. The first fields in medicine to use in silico modeling were genefics, physiology and biochemistry. The field saw a dramatic influx of data when the human
genome was sequenced in the 1980s and 1990s. Concurrently the increase in available computational power allowed for modeling of complex systems that were previously imprac:tic:al.[ﬂ

Rationale [edit]

There are numerous reasons why in silicomedicine is used. For example, in silico medical modeling can allow for early prediction of success of a compound for a medicinal purpose and elucidate potential
adverse effects early in the drug discovery pmcess,[e] In silico modeling can also provide a humane alternative to animal testing,[z] It has been purported by a company in the field, that computer-aided modsls

will make the use of testing on living organisms obsolete.m
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PHILOSOPHIZA

NATURALIS

PRINCIPIA

MATHEMATICA

PARS SECUNDA
DE MATERIA VIVENTI

DE PHENOMENIS IN MULTIS PLANIS
Sectio : De Cancro

A “book” to be written by thousands of
interdisciplinary researchers WORLDWIDE
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TITAOZ, ANTIKEIMENO, ZKOIIOX, BAXIKO AIAAKTIKO ET'XEIPIAIO KAI IIEPIEXOMENA
TOY ITPOTEINOMENOY AIIO TOI'. X TAMATAKO
NEOY METAINITYXIAKOY MAOHMATOX THE EtHMMY

i. TITAOXZ TOY MAOGHMATOZX
[ToAvkAakot) [pocopoimon g Acbevelag tov Kapkivov kot In Silico latpikn
ii. ANTIKEIMENO TOY MAOGHMATOZX

Avtikeipevo tov pabnuorog givar or pobnuatikeéc xar  vmoAoyioTikeg  peboool, ov teyvoloyieg, T
OAOKANpOUEVE TEXYVOAOYIKA cvoTiuote Kot ot pebodor xhvikng emPefaimwone g allomotiog TV
GUCTNUATOV 7OV £youvv avamtuybel 1 ovamTuooovIal HE OKOMO TNV TOAVKAlpoKk®Tn (multiscale)
TPOGOLOIMGT YEVIKA TV acbevel®y, Kol £101KA TOV VIEPTOAVTAOKOV QUOIKOD QPAIVOLUEVOD TOV KOPKIVODL, Kol
G AMOKPIGNG TOVS GE MOIKIAES DEPUMEVTIKEG GTPUTNYIKES KOl GYNUATR EVIOS TOV TPAYUOTIKOD KAVIKOU
nepPpariovroc.
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O o6pog «moAvkAipakmt Ttpocopoioct» (multiscale modelling) vmodnAiwmver v mpocopowwtiky) Bempnon
TOAADV YOPOYPOVIKOV KALAK®V TNG POTOAVTAOKOTNTAS G0YYpOvVmS. AVTO TO YOPUKTNPICTIKO OLOUPOPOTOLEL
Bepelwomg TV TOAVKAILOK®OTY] TPOGOUOIMGT] PLOAOYIKOV GLGTNUATOV OO TIS KAUGGIKES TPOGOUOUDGELS
Bloloyk®Vv 1 QUGLOAOYIKOV GUGTIUATOV, OEOOUEVOD OTL GTIV TOAVKALUOK®OTI] TPOGOUOLMGCT] UMALTEITL 1)
OWTUTIMOCT] KOl O EAEYYOC EQUPUOCIUOTNTAC VE®V apymv (principles/principia) owpkovs UETOQOPAS
mAnpogopiog HeTaéld TOV KAPAK®V TG PromoAvmAokoTnTag (1., oo TNV LOPLOKT) TPOS TNV KLTTAPIKY] TPOG
TNV 1OTIKT] TPOG TNV OPYOAVIKT] TPOS TT) CUCGTILLKT] KALOKO KALOKA KTA. Kol avTioTpo@ms). Mia tétowa apym
glvar 1 apyn S «oLVOWYTNS Kol petamnonone» (“summarize and jump”) mov £xer mpotabel amd TOV
npoteivovia o nabnua.
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O cuvovaouHOg TETOWV OPYMV UE T AETTOUEPT] LOVIEAOTOINGT) TV KPICIH®MV PLOAOYIKOV UNYOVICUOV GE
TOAAES YOPOYPOVIKES KAILOKES GUYYPOVOC £YEL OONYNCEL GTNV AVATTLEN TOAVKAILOKOTOV U]YaVIGTIKOV
HOVTIEA®Y KOl TPOGOUOIOTIKOV cuoTnudtov onmg tov Oykompocopowwtov (Oncosimulators) oty
nepintoon s Oykoroyiog. Ta ev Aoym povieia, o avtifeon pe Ta EVPHTATE OLIOEOOUEVO LEYPL GTHEP
povrtedo mov Poaciloviol Ge VEVIKEC GTOXOCTIKES/CTATIOTIKEG peEDOOOLS Kavh) oe pebodouvg pnyavikig
nabnong (ommg m.y. vevpwviKa olKkTua), oL Eivol YVmoTEG Kat oav «pebodor pavpov kovtiovn 1) “black box
methods”, pmopovv va mpocpepovv oe Pabog mOTIKY] KOl TOGOTIKY KaTavonon Twv ocvvletwmv
TOAVKAUOKOTOV PLOAOYIKOV QUIVOLEVOV, ONAAON TOV @QLAIKOV @aivoucvay e (weac vinc. M tétown
“Nevtovia” TPOGEYYIOT, GE GUVEYEWNL TG OAOKANPWOTS NG KAVIKNG ¢ emPePuimons HECH aUGTHPOV
KAVIKOV ~ EAEYYMV, TPOCPEPEL UEYAAES OLVOTOTNTES OTOV  EmOTNUOVIKG Oepelwwpévo (rational)
eCOTOLKEVIEVO oYeEOaoUO TN Depameiog pe v aSlomoinon TOV GTOMUK®OV TOAVKAILUKOTOV OE00UEVEOV
0V 0acbBevolg (UOpPLOK®OV, IGTOAOYIK(MV, GTEIKOVICTIKOV KTA. ovyypovac). Emiong mpoceéper peyddeg
OUVOTOTNTEG OTO OYEOWCUO VEWMV KAWVIKOV gA£yyov Kab®OC Kol GTNV EMCTNUOVIKY] KOTOVONCT TV
OMOTEAEGULATOV TOVC, GTO GYEOLUGLO VEOV QUPULAK®V, GTNV OVATTUEN VEOV DEPUTEVTIKOV GTPATIYIKOV, GTN
OLLUOPP®OT] VEMV KOl TPOTOTUTMV GLUVOLACUOV OEPATEVTIKOV GTPATIYIKOV TOV Elval 101 GE PO KTA.
InuUeEwOVETOL OTL 1 U mepiAnym g owackaiiog peboowv “black box™ oto mpotewvopevo pabnuo oe
ONUOIVEL OTL OWTEG OEV YPNGILOTOOVVIOL EMKOVPIKA KOTG TNV TPOKTIKT] EQOPULOYN TOV UINYOVIGTIKOV
moAvKAMpokotov poviehmv. To televtaio yiveton v tn PeAtictomoinen g TEAIKNG QACT|S TNG KALVIKIIG
TPOGUPUOYNC TV HNYOVICTIKOV TOAKAILOK®OTOV poviédmv. H odwookoiia “black box™ peboowmv
KOADTTETOL 10T IKAVOTOWTIKA a0 GAla pobnuota.

H eCatopikevon g Oepomeiag emrvyydvetal pecm e oedaymyng MEPUUATOV GTOV LTOAOYIGTN 1) OF
pHEYGAa vIOAOYIGTIKG cvotiuata (in silico). O opog in silico ypnoyomoleital 1101 EKTETAUEVE aKPP®OS Yo
V0L DTOONAMGOEL TNV E6ay®y Hog veas pefodov meEpapaTIopoy oty KAviKY Tpdln 1 omoic EMEKTEIVEL
OPUCTIKA TIC OVVATOTNTES TOV KAUGIKOV TEWPUUATIGUOV in vitro kol in vivo. Etol avoiyovtal veol opilovieg
GTIV EPELVA KOl GTIV KAVIKI] EQUPLLOY.
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To mapov pabnua, av Kat mopovclalel Katd TAATOSC PACIKES APYES TNS TOAVKAILOKOTIG TPOCOUOLMGCNS OV
eQUPUOLOVTUL GE TOAAEC OLOMOPETIKES OGOEVEIES, YPNCILOMOIEL TO TAEOV YOPUKTINPIOTIKO TOPAOELYLLO
onAaodrn avto tov kapkivov kot g /n Silico Oyxohloyiag ywa va mapovclacel katd Pabog kol apketa
OALOKATNpOUEVE TOV TPOTO MPOGEYYIONS, OKEWNS KOl DAOTOINGTS TOV UNYOVIKOD GTOV EV AOY® OVOOUOLEVO
y0po. O Kapkivog amoTelel £va ECOPETIKO OWOOKTIKO Tapadetyua (paradigm) vy TOV €UPUTEPO YOPO TV
OTPIKOV EMCTNUOV, KAWIKOV TPUKTIKOV KOl TEYVOAOYLOV, G@OU 1 YEVIKY] QLAOGOMIN TPOGEYYICT|S TTOL
vioBeteitan etvan ¢ £va Pabuo epapuociun Kat 6e ToALODS AALOVS 1LTPIKOUS ¥MPOVS KAl EIOIKOTNTES. AVTO
cupPaiverl kKupiwg AOY® TOV OTL 0 KAPKIVOS UTOPEL VO EUTAESEL duvNTIKA KOOE 16TO, OPYOVO KOl GUGTI|LLO TOV
avOpoOTVoL OpyavIGLOV. ZNUEWOVETHL OTL 1] KOT OUTO TOV TPOTO  AVOOVOEVY] EMIGTIHOVIKT, TEYVOAOYIK)
Kot pedhoviika xkAwvikn mepoyn g In Silico Oykoloyiag amotehel £va apioto mapaderypa Bepeiinong,
olpopemong kot e€ehéng g gvputepng mepoyns ™ In Silico latpucs. Alhmaote o opog In Silico latpik)
1GTOPIKA OTOTEAECE EMEKTOCT) g EVVOL0G ™mg¢ In Silico Oykoloyiag.
(http://cordis.europa.eu/result/brief/rcn/6061_en.html). Avté eényeiton €dkola kol amo 1O YEYOvVOg OTL ©
KapKivog eival i kat’ eCoynv moivkAipaxwmty oacbevera, 1 omoid eKQPOCETOL TOAD EVIOVO GE OAEG TIC
YOPOYPOVIKES KAIpOKES PromolvmhokOtTnTog HE T ONuUovpyid VE®V 1wtV moboloyiki)g cvoTOoNS
(veomAacicsc).
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Aevkpwiletar ott n évvowr g In Silico Oykoloyiog (ko kat’ eméxktaon g In Silico latpikng), g
EMGTILOVIKIG KO TEYVOAOYIKTG TEPLOYTS OV OOTYEITHL OO GUYKEKPLUEVO TPOUKTIKA KAWVIKG EPOTNUATA -
10 07010 O TUTTAVOVTOL OTA TAAICIH KAWVIK®OV eAeyywv (clinical trials) - axoAovOel zpwtiorwe v «ek TV
ave mpog to KAt®» («top-down») MPOGOUOWMTIKY] TPOGEYYIGT, OMM®G OLTH £)el mpotubel omd TOV
TpoTEIVOVTA TO pabnua Kol £yel Yivel AmOOEKTT) OO TNV EMGTIHOVIKI] KOWVOTITO TOV OPUCTIPLOTOIELTHL GTO
¥OPO. AVTN 1) PECAIGTIKI] TPOCEYYIOT GMOPAEMEL OV GAAVINGY TPUKTIKOV KAWIKOV TPoPAnudTov
EEKVOVTOS amO T oLviOn KAWIKY] HOKPOCKOTIKY] KALOKO KOl TO OVTICTOL(O Oed00uEVE TOL acbevoud.
Axoiovlel o gumiovTiopog toug pe mpochetn mAnpogopia kKabmOS mpoywpel TPOS TIC MWKPOGKOTIKES
KMUoKeS Kot ollomolel T avtictolyo osdoueva. Agvkpviletol emiong OTL 6TV KAWGGIKY TPOGOUOIMOT)
Broloyikov cuotnpatomv 1 aceveEl®V Ol OVTIGTOLYES NLOVIEAOTOWGELS KOTA KOVOVO OVOTTUGGOVTOL GTO
nmAaicwo g yevikng Broloyiog kot Quoioroyiag pe TNV TPOPUVY]) TPOGEYYIOT] «EK TOV KOT® TPOS T VO
(«bottom-up»), oniadn Cekwouv amd TN WKPOCKOTIKY OBepnon Kot mpoympoLVv TPOS HOKPOCKOTIKES
KMUOKES. ATOGKOTOUV 0& OUTEC GTNV OMOKTNGT] KOAVTEPNC (0v Kol HEPIKES POPES AMAMS OLcONTIKNG)
KATovonong 1ov Plodoyik@v QoivopEVeV VIO 0EATEC GLUVONKES Tapd 6TV aVATTUEY] GLYKEKPIUEVOV KOl
KAMVIKG EQUPUOCIU®MV EPYOAEI®OV KOl CUOTNUATOV Yo TNV ecotouikevuevy Peltictomoinon g Oepaneiog
actevimv 6TO mPayUATIKO Kol TOAD GUYKEKPILEVO KALVIKO mepiailov.
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iii. ZKOINOX TOY MAOHMATOX

O okomog tov pednuatog cuvictatal ot £4N1G:

I. No 08déel oToUg £VOLNQEPOUEVOVS UETAMTUYIOKOUS CMOLOUCTEC TIC Pacikeg apyéc, nebodovg kat
OVTITPOCMAELTIKG  mapadeiypata ovvnrikav geappoyov g  [lolvkipakotic [Ipocoupoimong
Aclevelav kar g In Silico latpumg pe wwitepn Epeaocn atov Kapkivo kat v In Silico Oykoloyia.

2. No 010aéel 610 CmOLONGCTI] 0 OMOIOG Jev EVOLMQPEPETUL KAT avaykn va opactnplomoinbel otovg
TOPUTAVE YOPOVS TPOYWPTHEVES HOBNUATIKES KOl DTOAOYICTIKEG MeBOSOVC KOl TEYVIKES Ol OTMOIES AV
Kol mapovowaloviol pecm tov yopov ¢ Buoiatpug/Bloteyvoloyiag £rovv moAd yevikotepec
EQUPLOYES GE EVIEAMG OLopopeTIKOVS Ywpovs. [Tapadeiypata tétoiwv peBdomv Kal TEYVIKOV OTOTEAODY
Ta akorovba Kepalalo/vmokepaiaio:

a) H apiBpntikn) enidvon pe m pebodo 1oV TETEPAGUEVOV SLUPOPOV GTO TESLO TOW YPOVOL TOU
TPOPANUATOS TNG TPLCOLATATNG AVTIOPACT|C-OLAYVONG LE GUVOPO TUYALOS YEMUETPIOG

Kot oprakeg ovvinkeg Neumann. Epappoyn g pebodov Crank Nicolson kat g pebodov twv
culvymv kAicewv (conjugate gradient).

b) Ov Paocikeg apyes g yvevikng mpocopoimong Monte Carlo. Tlapdeiypota epapuoyov kon
MEPLOPLOLLOL TG EQPUPUOGILOTNTOS TNG.

c) H yevua pebodog [pocopoimong Awukprrwv I'eyovotwv (Discrete Event Simulation (DES)) ko
EMEKTACELS TNG.
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Noa e€o1keldceL TOV EVOLUPEPOLEVO LETATVTUYLEKO GTOVOAGTY| LLE TOV TPOTO CKEWYNS TOV UNYXAVIKOD 0TV
OUTOC KOAEITOL VO ETLVOT|CEL AVGEIS KOL VO OVOTTUEEL EQUPUOYES GE YMOPOVS VYNANG TPOTEPULOTNTAC,
OmOV OP®S TO VAIKO LVTOCTpOUE GTO omoio KaAieitar va gpyacbel dev meprlapPaverol ota KAGGOIKA
VAIKG VTOGTPOUATH OPUCTNPLOTOINGNONG TOU TAEKTPOAOYOV UNYAVIKOD KOl HIYOVIKOD VTOAOYIGTMOV
OmMG .. LETOALD, OMAEKTPIKA, KEVO KTA.

No 01evpuveL TIC YVHOGELS TOV HETUMTLYLOKOD GTOVOaGT] 610 Ywpo TN Blodoyiag kot g latpkig, o
OTOL0G QUAVETUL VO. EEEAMOCETAL GE PEILOVA EPEVVTITIKO YMOPO Y10 OAES TIC TEPLOYES TNG EMOTIUNG KOAL TNG
teyvoloyiog. A&iCer va onueimbel 0Tt 61N AioTto TOV 0EKQ CMUOVTIKOTEPOV emttevypdatov tov 2013
ocoppova pe v embempnon Science (http://www.tovima.gr/science/article/?aid=551084 ) okt® anod 1o
0eka emrevypata apopovv otn Bioloyia kot oty latpikn kot 600 povo 6e 0Aovg Tovg AALOVS YHOPOLC.
Ewdwka n avocobepaneia kotd Tov KgpKivov, OnAadn 11 GTPUTOAGYNGT TOV AVOCOTOIMTIKOU GUGTI|LOTOS
Yy TNV €EOVOETEPMOT] TOV KUPKIVIKOV OYK®V, avoknpuybnke to onuavukorepo emitevypa tov 2013.
Znuewwvetot 0Tt 1 pobnuoTikn Kot VTOAOYIGTIKT] TPOCOUOIMGCT] TG avocoDEPATELNS TOV KOPKIVOL Kat 1)
avanTuln avTiotoiyov OYKOTPOGOUOIMT EVIOE EVOS KOPLPUIOD KAiKoU mepifdiloviog amotelel £va
oamd TO KEVIPIKO OVTIKEILEVO TOV EVPOULULEPIKAVIKOD OAOKANPOUEVOL EPEVVITIKOD TPOYPUULATOC
peyaing kiipaxkoas CHIC (Computational Horizons in Cancer: Developing Meta- and Hyper-multiscale
Models and Repositories for In Silico Oncology) http://chic-vph.ew/ , tov omoiov emoTNUOVIKOC
ouvtovioTi)g elvor o mpoteivwv to pdbnuo. To Oeépa avtd meprhapPaverar kor otnv VAN TOL
TPOTEWVOUEVOD pabnuoatog. Znuewmveral emiong 0t oto gpevvnTikd mpoypappe CHIC coppetéyovv 17
oKOOMHaiKol, gpevvnTikol Kai Propnyoavikoi opyavicpol kol 1 ypnuatodotnen amo v Evpomaiky)
Emtpom) avépyetarl oto mocod tov 10,582,000.00 €. To mapamdve yeyovog ce cuvovacuo pe minbog

=4
M hY[mwf el Hn[g{ga[rj]gl rgs  »Frme{L¢ILd-BE20 BHY 1 1 &

(drrdrBrmfaE [fsrsrsimE [E Bl én)ni B

I



o

Emtpom aveépyetar oto moco twv 10,582,000.00 €. To nopandave yeyovog oe cuvdvaouo pe minbog
GALOV CTOWEIMV KOTOOEIKVDEL TNV OWWITEPT] OTUOCIO KOL TNV DYNAI TPOTEPAIOTNTO MOV OLVEL 1)
Evponraik Emtpomn) otnv avantuin g Topadery LOTIKNG EMGTI|HOVIKTG, TEXVOAOYIKTC KOl LEAAOVTIKA
KAWVIKN G meproyns tov pabnuatog, oniaon mg Hoiverinedng lpocopoimeng Tov Kapkivov km g
In Silico Oyxoloyias. Emunpocbeta m ek tov kevipikov Becemv v omoio KATEYOLV TOGO 1)
[ToAvkhpakot) [Ipocouoiwon AcBeveiwv oto Khviko [lepipairov 0o ko 1y In Silico latpikr) oto veéo
mlaico £pevvag g Evponaikng Emrpomc HORIZON 2020 oonyel aficcta oto cvunépacua ot 1
EVEPYT] mopoKoroVONGN TOL &V AOY® HOONUOTOC GVOUEVETAL VO OLEDPUVEL TIC OVVATOTNTES EPEVVITIKNG

EMALYYEALOTIKNG OMOCYOANGCNG UETAMTUYIOKAOV CTOLOUCTAOV OTOV &V A0y Ympo. Ailer axkoun vo
onuewwbel 0Tt and ta 11 pedn mg Opaodag ywa v In Silico Oyxoioyia tov EINEZEY-EMII, ko xoata
GuVEKOOYT NG owkelag ZyoAncg Hiektporoyov Mnyavikov kot Mnyovikov Ymoloyictov (ZHMMY)
tov EMII, ta 6 pein (onAaon mn mieioymeia) eivol amoeortoi te. Xe ovtd mepriopPaveTal koi o
Emotmnuovikog YrevBuvog g Opadag kot mpoteivov 1o mapov pobnua. Ot eEapenikés mpomTUyLOKES
onmovoeg mov mapexel 1 LHMMY oe cuvdvacpo pe ta Mmom owaockoueva padnuoata oto yopo Tng
Bioiatpikng/Bloteyvoioyiog alld kou 6 GLVOLAGUO UE TO TPOTEWVOUEVO pHabnua pmopovv va
TPOGPEPOVY GUVEPYUTIKA GTO PHETANTUY KO orovdact g LHMMY éva otépeo vnoPabpo mov Ba tov
EMTPEYEL YOPIS 10WITEPT] OVOKOAIL va Opactiplomoinlel emayyEALOTIKA-EPEVVI|TIKA, EQPOGOV TO
embupel, pe TIPOTOTLTO, EVPNUATIKO KO ATOTEAECUOTIKO Y(MDPO Kal GE AVTOV TOV TAXLTATO EEEAIGGOUEVO
YOPO CYUNC Kol DYNATS KowmVviKng mpotepatotntac. Acilel emiong va toviotei ott n ZHMMY ow g
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YOPO aryUNS KoL VYNANG KOWomVIKNG Tpotepalotntas. Afilel emiong va tovictet ot 1 ZHMMY o g
Onaoacg yw mv In Silico Oyxohoyia tov EINIZEY-EMII eivar dumeipotik) nyénda om Ogpeiioon,
OLOUOPPM®CT] KOl TPOAYMYT TNG £V AOY® GVOOVOUEVIG EMIGTNUOVIKIG KOl TEYVOAQYIKIG TEPLOYNS KOl
GUVETMG E£YEL £VO GLYKPITIKO EMUYYEAUOTIKO TMAEOVEKTNUO oTO Oiebvn gpeuvnTikd yopo. EmParieton
Lowmov 1 ompiEn g mePLoyNS He kabe peco, meptiauPavolévig Kat TG LETATTUYLUKTS O1000KaALOS TOV
CVTIKELLEVOU TNG CE OLVITIKC VEOLG EPELVNTEG TOL Ywpov. llepirtevel va oyolacbel 1 mpoavig
onuoacio mov gyl ywa v €0viK owovopia, OmOCYOANGT, OVATTLEN KOl HEIMOT TNG OpUYNG
«uooiovy (brain drain) o teétown emPePfAnuevn otpatnyikn. Apket povo va avagepbet ot amo to 2006
Kot pexpt 10 2017 Ba £xovv ewopevoer oto EINZEY-EMII kon mpopavog oty EALGda and dakpwc
GVIOY@VICTIKG. EVPOTAIKA KUl OUAEPOTIKA EPEVVNTIKO Tpoypaupota pe avukeipevo mmv In Silico
Oykoloyia apketd mepiocotepa amd 3.5 exkattoppvpie evpo kot Bo amacyoiovvrar apoifoupevol
wavoromrtika toviaycto 11 gpevvnteg amogorror g ZHMMY-EMII 11 ailov llavemommuokov
Zyolmv.
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iv. EXYAAOI'H ENNIETHMONIKOQN EPI'AZIOQN (PROCEEDINGS) I'TA THN
IMNOAYKAIMAKQTH ITPOZOMOIQIH ITOIKIAQN AXOENEIQN

VPH2012 — Integrative Approaches to Computational Biomedicine
(Proceedings of the Virtual Physiological Human Conference, London 2012) — “PROCEEDINGS”

v. BAZXIKO AIAAKTIKO EI'XEIPIAIO (TEXTBOOK) I'A THN IOAYKAIMAKQTH
MPOLOMOIQEIH TOY KAPKINOY

Multiscale Cancer Modeling, T. Deisboeck and G. Stamatakos Eds, CRC Press, Boca Raton, FL , USA, 2011.
http://www.crcnetbase.com/isbn/9781439814420 -“TEXTBOOK™

ZNUEWOVETAL OTL OAOL Ol HETATTUYINKOL GTOVOAGTES Ol omoiol Ha mapakoiovBicovy 10 &v Adym pabnua Ba
noporaPouv niektpovika avtiypoaea g Xviioyng Epyocwov ( PROCEEDINGS) kot tov  Boowod
Awaktikov Eyyeipwiov (TEXTBOOK) owpeav. I[Ipocbetro viiko, omwg owebveig onupociedoslg Kot
TOPOVGLACELS GE NAEKTPOVIKT] nopen], Ba eival emiong dwobeoipo.
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vi. [IEPIEXOMENA TOY MAOHMATOZX

Iolvkipoxkmty Iposopoiven e AcBiverag Tov Kapkivov kar In Silice latpua)

YAHTOY MAOHMATOZX
AYZQN TITAOX INEPIEXOMENA ITAPAITOMIIEXZ XTO
APIOGMOZX KE®AAAIOY BAZIKO EI'XEIPIAIO
KE®AAAIOY (TEXTBOOK) KAI XE
ENAEIKTIKEY AAAEXL
[IHI'EX
1. Ewaywym oy Opiopot. Khviko,
[MolvxkAipakom) EMIGTILLOVIKO Kl PROCEEDINGS
Hpocopqimcn TEXVO?LO‘}"[IG:') TAOLG10. TEXTBOOK - Preface
AgcbBeverov ( IIKITA) | Avaykodtnta kot
kar v In Silico npoontikeg g [IKITA ko PAPER_A
latpkn. ITKIIK ko g In Silico [G. Stamatakos, D. Dionysiou, A.
Ta T[D‘.p(lﬁﬁi‘fp(l't[l mg I[l‘tleT']g / In Silico Lunzer, R. Belleman, E. Kolokotroni,
. . . E. Georgiadi, M. Erdt, J. Pukacki, S.
ToAmchapoxcorric Oycodoying. Zuveopn Rueping, S.Giatili, A. d” Onofrio, S.
HPOGOPGIGJGWG Tov LGTOPTKT) U-VU-'SPOW]- Sfakianakis, K. Marias, Ch. Desmedt,
Kapkivou ( [IKIIK) Znuoacic Tov pobnuatoc kot | M. Tsiknakis, N. Graf, “The
ko ¢ In Silico TPOOTTIKES Y10 TOV Technologically Integrated
‘ . : Oncosimulator: Combining multiscale
Oyxohoyiac. E:"EKIPG}EOE}G MRT]IHVlI?O Kt cancer modeling with information
nxﬂ‘f’u{ﬂ TEG OTI,GIGW: technology in the in silico oncology
[gvikn emoKOmNo™ NG VANG. | context.” IEEE J. Biomedical and
Health Informatics ( mpédnv IEEE
Transactions on Information
Technology in Biomedicine) DOI:
10.1109/JBHI.2013.2284276
(in press, 2013-2014)]
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2. In Silico latpwcn / In
Silico Oykoloyio:
®cuata Baowmg
Emomunc.

Baowkeg apyeg
TOAVKAUOKOTIG
VIOAOYIGTIKTG
Tpocopoinong acbeveumy.
To mapaderypa tov
kapkivov. [apadeiypata
amo acheveleg Tov
KOpOLQyYELLKOD, TOV
LVOCKEAETIKOV, TOV
CLVOGOTOTIKOD Kol GAA®V
cvotnuatov. H Bepelimong
apyn “Summarize and
Jump”.

Eion poviedov acbeverwv.
KAaceg pabnuatikaov
pnebodmv (drakprieg -
GUVEYELS, VETEPUIVIOTIKEG -
OTOTIOTIKEG, UNYOVIOTIKEG -

TEXTBOOK - Chapter 18

PAPER B

[G. Stamatakos, E. Kolokotroni, D.
Dionysiou, E. Georgiadi, C. Desmedt,
“An advanced discrete state—discrete
event multiscale simulation model of
the response of a solid tumor to
chemotherapy: Mimicking a clinical
study,” Journal of Theoretical Biology
266 (2010) 124-13]

PROCEEDINGS
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pyovikng pabneng kTa.) .
[Mopadetypata katnyoprov/
TOmOV OYKmV Tov Ha
TPOGEYYIGTODV
TPOGOUOIMTIKG 0TO pabnua
(UN-LKpOKVLTTOPIKO
KOPKIVOUE TOU TVEDLOVOG,
KOPKIVOG TOV HaoTOV,
moAvpop@o yholoprdctmpua,
veppoPractoua, Kapkivog
TOV TPOYNAOL NG UNTPOC,
oela AELQOKLTTAPIKT
Aevyapia). EEatopikevon
¢ Bepanceiog pe
TEWPQNATIONO in silico (oTOV
vroloyiotn). O
OykompocopomTic.
[Tolvoractator yopotr. O
VIEPTIVOKOAS TIG UVOLTOWIKTS
MEPLOYTG EVOLAPEPOVTOC.
Teleotég oTOLEWWOMOV
Brodoyik®v unyovicpov.
Xpnion Awkpirov

MobBnnoricoyw (nimvrmes e
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1 EAECTEC OTOLYEUDOWV
Brodoyikdv pnyaviopdv.
Xpnon Awxpitov
Mafnpatkov (pnyavég
TMEMEPACUEVOV
KOTUOTAGEWY, KUTTUPIKA
avtopara, teyvikn Monte
Carlo, opadomoinon
KUTTUPV G& KAMLGELS
1eodvvapiog, efadikevpévor
aryomBpor kTh).
[Ipocopoiwon Awakprrav
Koatuotacewv — Alukprrov
I'eyovotwv ( Discrete Entity
— Discrete Event
Simulation). Tetpadiaotatn
TOAVKAPOKOTN
TPOCOUOLMGT] TNG AVATTLENS
KOPKIVIKOV OYKWV IR vivo.
Tetpodidota
TOAVKAUUK®TN
TPOCOUOLCT] TNG AMOKPLOT|S
KOPKIVIKOV OYKOV in vive GE
Kluoowkd Beparsvtika
oyuata (ynueobepaneia,
axtivobepaneia pe
eEmTEPIKT akTvoPoinan,

M
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BpayvBepansia).

Y moAOYIGTIKT] TPOGOUOIMGT)
TG OVATTLENS KL
OMOKPLOT|G 1T OTEPEDV
OYK®V (1. AEvympiag) o
Bepamevtikg oyMuatoe.

Y moAOYIGTIKT] TPOGOUOLMGT)
TG AMOKPIGNS KAPKIVIKOV
OYKWV GE VEEC DEPUTEVTIKES
uebodoug
(avocobepansvtika oyiuata,
OVTIOLYYELOYEVETIKO O)YT|LLOTO
KTA.).

Y moAOYIGTIKT] TPOGOUHOLMOGT)
TNG AMOKPLIGTNS PUCLOAOYIKOV
1oThV o Depansutid
oynuate. Avantodn
OTUACLOAOYIKOV
LETUUOVTIEAW®V Kal
UMEPUOVTEAMY Y10 TOV
Kupkivo kot v Oykoloyia.
AvticTouyisc pe /
EMEKTAGES OE GhAES
acOiveres kan ) yevikn In
Silico latpuy.
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3. In Silico latpucny / In
Silico Oyxohloyia:
Ocpata Teyvoloyiag

Apptektoviki] Tov
Teyvoroyka
OloxAnpwpévon
Oyxompooopoiw.
TuoTipata oyedlacpon Kol
TPOYPUPLATICHOD PON|S
epyaciov (workflow).

Y moLoYIGTIKES VITOSOUES
HEYGANC KAlpaKog Kt
GUTOUATOTOWUEVE CEVAPLL
EKTELEGTC TPOCOUOLDCEMV
oe autec. [lpoenelepyacia
TOAVKALOKOTOV KAIVIKOV
OEOOUEVOV (AMEIKOVIOTIKOV,
woTonaboloyik®v, LoplaK®v,
Bepamevtikdv oynuatov
KTA.). Avevopomoinen kat
WELHO-OVIOVDHOTTOIN G
KAvIK®OV dedopévov. HOwa
Kol VOpka Cnriporta Kot
TEYVOLOYIES LTOCTIPIENC.
AmobBempa (repositories)

TEXTBOOK - Chapter 18
PAPER_A

PROCEEDINGS
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TOAVKMUIKOTOV KAIVIKOV
OE0OUEVOV, HOVTELMV Kot
npofiéwewmv. MébBodor
OMTIKOTOINGNG TV
nolvdiaotatov tpoPréyeny
oV OyKomposopounT).
ZUOTILOTE TOPOVCLUGT|C Kl
avaAvong Tav
UTOTEAEGUATOV, TN|G
CUUTEPLPOPAS KL TNG
0S10MCTLOS TOV
0YKOTPOGOLOUDT).
Teyvoloyiec ohokhpweonc
TOV CTOYEIDV TOV

OYKOMPOGOUOUDTY. AlETaQEs.

AvrieTouyisg pe /
EMEKTACES OE GhheC
acBfvereg kar ) yevikn In
Silico Tatpuiy.
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4. In Silico latpueny / In
Silico Oyxohoyia:
Efpota Klvikdv
Anaitioemv Kat
Epapuoywv

Oepeldoels apyéc ko
OudKaoies KAWVIKNG
emPePaivong g
allomoTiog
OYKOTPOGOLOLOTOV.
Khvikoi éreyyon (clinical
trials) w¢ afiomoteg myég
TOPOYNS TOAVKAIUOKOTOV
KAWVIKOV SE00PEVOV Y10 TNV
KAIVIKT] TPOCOpUROYT Kol
emPepaimon mg afomotiog
tov OyKOmpOGOUOUDTT.
Tpaneleg fromricod viuon
(vikol amd frowieg).
Teyvohoyieg dwyeiprong
tpanel®@v Promtikod vAkov.
[pobmobéceg yia v
amodoym potnuatikoy Kot
UTOAOYIOTKOV HOVIEAMV
otnv Khvikn mpaln. Baowa
KAWVIKG EpOTIHATA —
«odnyoi» Y 10 oyedaopd
KOL TNV avantudn
OYKOTPOGOLOLOTOV.
AvticTouyisc pe /
EMEKTAGELS o e
achiveres Kol 61| YEVIKI)
In Silico latpuki.

TEXTBOOK - Chapter 19

PROCEEDINGS
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[TIpocopoimoen g
ombnong Khvikov
KOPKIVIKOV OYKOV LE
T xprom e

HEPIKNG
drapopikig elomong
(MAE) g
avTidpaoTC —
drayvong Kat
KUTAAANA®V OpLakiv
ouvinkov.
AvticTtorya
pobnuoatnikd Kot
VIOAOYIOTIKA
npofinquata o
yevikn) In Silico
latpukn.

H nepintmon tov
yrowbpatog. Mn enepPotik
EKTIUN O KIVITIKOV
TOPUUETPOV TOV YAOLOUATOS
in vivo. Mabtnpotikn
MEPTYPOPT) TG EKTIUTONG
TOPUUETPOV. AVICOTPOTIKT)
KUTTOPIKT] KIVI|TIKOTITO GE
VOLLOLOYEVT] EYKEQUAIKO
1ot0. Extipnon g
VEKPMOT KOl TOV
EMAVOMOIKICHOD TOV OYKOL
ne pabnuaticeg
napaperpovs. Extipnon mg
EMOPUOTC TOV
uikporepifdidiovrog tov
OYKOU GTIV aLSNoT) TOV
YAOUDNATOG LE TNV
nopaiinin ciykpion
topoypapuowv MRI ka1 PET.
Avtictouyiec pe /
EMEKTAGES 6 dhhec
acOiverec kan ) yevikn In
Silico latpui].

TEXTBOOK - Chapter 16
TEXTBOOK - Chapter 17

PROCEEDINGS
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ApiBunmikéc Mébodon
Yid TNV EMADGT] TOL

Y OPO-YPOVIKOD
npoPAnpatog g

o nonc xepknvikdov
OYK@V GE DYIELS
10TOVS LE OPLIKEC
cuvinkes. Avtictoyu
pabnpatikd Kot
VTOAOYIOTIK(
npofinpata o
vevikn) In Silico
latpwn.

Mébodor menepacuévov
Srapopdv oTo eSO TO
ypovov (Finite Difference
Time Domain methods).
Egappoyn e Mebodou
Crank-Nicolson oe
ouvdvaoud pe ) pebodo twv
ovluydv Kiioewv (conjugate
gradient) yi v apBuntikn
enthvan e MAE g
avtidpacnc-tidyuong Katd
™V avnon Tou
yroofrlaotduaTog Kot T
ombnon tov otov eykéQaho.
Apibuntikn epappoyn tov
oplakav cuvinkav
Neumann petald kKpaviov
KU1 EVOOKPUVIOKAOV 16TMV.
Xpnion 1oV anoTeEAEcHaTOV
YO TOV ECUTOMIKEVUEVO
oyedaond g
axtivobepaneiag.
Epfropnyovi tov

PAPER_C

[5. Giatili and G. Stamatakos, “A
detailed numerical treatment of the
boundary conditions imposed by the
skull on a diffusion—reaction model of
glioma tumor growth. Clinical
validation aspects,” Applied
Mathematics and Computation
218(2012) pp. BTT9-8799]

PROCEEDINGS
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YAOUDUATOS Kol
TPOCOUOLMCT] NG ME
apiunnikég pebodoug omme
TMEMEPUCLEVI CTOLYEL.
Avtiotouyieg pe /
EMEKTAGELS OE (AAEC
acOivereg ko ) yevikn) In
Silico Tatpu.

7. [Ipocopoimoen g
QYYEWOYEVECTC KOTA
TV avgnen
KOPKIVIKOV OYKOV.
AvtioToyu
pabnuotika Kot
VITOAOYVIOTIKA
npofiniuata o1
vevikn) In Silico
latpun.

AlAniemidpaon oykov -
wikporepifaiiovrog. Mepuan
Swapopik eEicmaon g
OYYEIOYVEVEDT]C.
[Mpocopoimon TnNg cpaTikg
POTS Kat TNG avamTung
SIKTVOV TPLYOEWDAOV ayYEIDVY.
[pocappoyn tov diktHov
TPLYOEWDOV Ay YEIMV Ko
avadiataeln tou. Apiduntikég
uébodor emiivonc.

Y noloyioTikn diepeivion
TOV QUIVOUEVOD KUl TV
facwdv tapoayoviov Tou
emdpodv otnv eEEMEN TOV.
Avtiotouyieg pe /
EMEKTAGELS OE (AAEC
acOivereg ko ) yevikn) In
Silico Tatpua).

TEXTBOOK - Chapter 13

PROCEEDINGS
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[Ipocopoimon
HOPLOK DV
LLOVOTIATIOV,
LOPLOKMV SIKTHOV,
oaPifaong poprakdv
G UAT@V Kal TNS
TPOKUTTOVG UG
CULTEPIPOPAS TOV

KOPKIVIKOD KUTTOPOU.

AvticTorya
pobnuatd kot
VIOAOYIOTIKG
npopfinuatae ot
yevikn) In Silico
latpun.

Moplukéc mpocopoudoelg pe
Baon nic efiohoels Tov
Nevtova, To vopo tov
Coulomb ke T1g apyéc g
Kpavtopnyavuc. Movtéio
HOPLUKTS TPOGOETTC.
Mupadeiypota
TPOCOUOIMOT|S TS
alniemidpacnc popiwv
QUPUAKMOV KL TPOTEIVOV
otv Oykoloyio. MéBodor
HOPLOKTS SUVOIKNS Y1 TO
FUPUKTPIOUO TOV SOLIKOY
WO10TNTWV HETUAALYLEVOV
YOVISLIKOV TPOTOVTOV.
Xpnon cuviibov swgpopikdav
ECIOMCGEMV Y1 TNV
MEPLYPAPT] OYKOYEVETIKOV
KOL YEVIKOV SIKTDOV Kal
LOVOTIOTIOV HOPLIKTC

TEXTBOOK - Chapter 2

PROCEEDINGS

oNUaTOdOTNONS Kt
oAAnienidpacnc.
[Tpoximrovca cvpmepipopa
TOL KOPKIVIKOD KUTTAPOL.
AvTioTouyieg pe/
EMEKTAGELS OE (A
acOéverec ko ) yevikn In
Silico latpui.

hY[ mwl 1 81 HJ'I[lLéIB

tlrrareBrmJfcaE [[BlrBrBsl mi & [ &E]
friyel 1 B1 1+rmod{1L¢Ld-RE26 BV 1 1 &

Bl on1 Ntk

I



Outline

A In SilicoOncology: An Introduction
A The CHIC Project

A A. A Preliminary Study Exploiting Clinical Trial Data for
the Clinical Adaptation of the Core Allbdel

A B. Supporting the prediction of the ADincosimulator
parameter values by using machine learning methods
on gene expressiotata

A Conclusions



A

A

A

In SilicoOncologyis a complex anchultiscale
combination of sciences and technologies
Intending to simulate malignant tumour growth
and tumour and normal tissue response to
therapeutic modalitiesat all levels of
biocomplexity multiscalecancer modelling)

Thelong term goalis to quantitatively

understand cancer and related phenomena and
optimize therapeutic interventions by performing
In silico(on the computer) experiments based on
0KS AYRAOGARdzZEE LI OASYI
nistopathological molecular and
pharmacogenomidata.

norder to achieve such an ambitious goal
translation of cancer models intbe clinical
trials arena is a sine qua non condition
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Computational Horizons in Cancer
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Welcome to CHIC

CHIC proposes the development of clinical trial driven tools, services and infrastructures that will
support the creation of multiscale cancer hypermodels (integrative models). CHIC aspires to make a
breakthrough in multiscale cancer modeling through greatly facilitating multi-modeller cancer
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CHIC

Computational Horizons in Cancer:
Developing Meta- and Hyper-Multiscale Models
and Repositories for In-Silico Oncology

Latest Highlights

VPH2014 Conference: deadline for
abstract submission extended

Please note that the deadline for the
submission of short papers (abstracts) for
the VPH2014..

Read more [+] May 21, 2014

CHIC features in The Parliament
Magazine
A general public article on the CHIC project

has just been published in The Parliament
Magazine...
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CHIC PROJECT DATA

FPZICTF2011-9-600841

17 partners

16 from EU + UPENN from US

Duration: 48months (start date: Apri2013)
Project Funding: 10,582,000.€0
Coordinating Institution: IC&$TUA

Coordinator (Scientific and Overall): Research Proféssorgios
Stamatakos
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No Name Short name Country
1 INSTITUTE OF COMMUNICATION AND COMPUTER SYSTEMS ICCS Greece
2 EUROPEAN RESEARCH AND PROJECT OFFICE GMEH EURICE Germany
3 UNIVERSITAET DES SAARLANDES USAAR Germany
4 KATHOLIEKE UNIVERSITEIT LEUVEN KU Leuven Belgium
5 UNIVERSITY OF BEDFORDSHIRE BED United Kingdom
B THE UNIVERSITY OF SHEFFIELD USFD United Kingdom
7 FOUNDATION FOR. RESEARCH AND TECHNOLOGY HELLAS FORTH Greece
8 GOTTFRIED WILHELM LEIBNIZ UNIVERSITAET HANNOVER LUH Germany
9 THE TRUSTEES OF THE UNIVERSITY OF PENNSYLVANIA UPENN United States
10 B?Eoiﬁgrli%ELLGR, MASTERS AND SCHOLARS OF THE UNIVERSITY UOXE United Kingdom
11 UNIVERSITA DEGLI STUDI DI TORINO UNITO Italy
12 UNIVERSITAET BERN UBERN Switzerland
13 CUSTODIX NV CUSTODIX Belgium
14 PHILIPS ELECTRONICS NEDERLAND B.V. PHILIPS Netherlands
15 UNIVERSITY COLLEGE LONDON UCL United Kingdom
16 CONSORZIO INTERUNIVERSITARIO CINECA CINECA Italy
17 TECHNOLOGICAL EDUCATIONAL INSTITUTE OF CRETE TEI-C Greece
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High Level CHIC Platform Architecture

Regquest for data

CLINICAL DATA PROVISION
STUDIES AND
TRIALS

DATA PROVISION

QUESTIONS
AMNDSETTING

PROVISION OF
CLINICAL

DATA
PROVISIOMN

VALIDATED
ADAPTATICN AND MODEL
VALIDATION

DATA

REPOSITORY

MODEL
REPOSITORY

& METADATA
REPOSITORY

MULTISCALE HYPERMODEL
HYPERMODEL CLINICAL
DEVELOPMENT
L4 ]
H [ =
E é - a E- e g - E MODEL PROVISION
] ] at L =
£ it 22 252
3 s £8% 2E8
2 & e v E & Mode| selection commands
and instructions
HYPERMODELLING : o
e INFRASTRUCTURE, Data mtlle-lll:tl:ln ::mmands
| I TOOLS AND and instructions
-
SERVICES
Data selection commands
and mstructions
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BIKITTAIAELA

Avadsita

Ano m Bikimonbewn, v eAsolkepn £y KUK Ao ToLSET

Avalcira eivin Sinvuopaneds Sgopkds TEAECTIG 1@V PEPIKOY TOPOVOYLY NG, CUWIPTNonG nodkay
ovefppriuey perafinuay (ovviog oy 3 horeoswey 1ou yopou). Cevied, Seiyvel Tov Tpomo pE 1oV 000
petafaiierm eva peyeboc aw R® (ouvillog oo yopo !l]. TopPohifemm ps 'V, 10 onoio odpfolo pouale
pE mwmodoyupopivo kepohoio A H yprion ou avebeia eppovilerm o 3 hopopenwoln eieois Tng
khiong (W), mg onoxong (V) km oo orpofuuopod (§Fx)

[TivaKag EPLEYOPEV@V
KAion

I&0mTEg
ATIOKAIDT

IS0 TEG

FrpoBiAiopoc
I&0mTES

TeAeotrg Laplace (Aamhic)
AEITE EMiaNg
NoapoaTmopmeg
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Khion

Av &goupe pa PaBpwe cuvipmon pe ovelipmes perafimés ng Suodoe wu yodpou Flm, Y, ) we n

- 81 7
8=
khion e Pofpeic ouvapmonc sivan 10 Sinvvapa VF = gradf = % . To Survuopa g KAiong, £yl
s
..
Suroraon doeg o avelaprmeg perafimiEs g ouvapmone
hi(=,23,2)
AV EYOUMPE PO SIVUOPOTIKT  OUVEPTIO F{ll,ng,l;} = | falzr,23, :g] TOTE 1 KAWON 1INC
Sl 23,2)
(84 84 B4
Vh ey B Dy
Sunvuopomkng ouvapmong sivi o nivieke, VR =gradF = | VA | = O Bh Oh omheg
- - T 8m Bm |
Vi o h %
L O=y By Dy

TOU THIVOKE Elven OO o ovedaptmes petaPAnuéc g ovvaprmone. O mivakas Tou TpoKDITEL, GmOTEALL KM
v loxeafirvd mivoke e ouvapmone F.

Mevikd puicvimg, i khion oot B folipod Siver Evay iovoo] 8 4 1 faolipoo (ny. n fefpem ouvapmon
BaBpou 0, edwos Swmwopa Bobpos 1) H enmidov dmotoon 1ov toveom], v wn pe tov apiipo
ovefnpnToy pETafAnuoy N ouwwapTnonc.
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pa@ikn aTEKOVIOT) TIPaYPATIKAG ouvapmong Mapopoiwg PE TIPONYOULHEVKIC, GAAG avTi yia
f xm mg xhiong m¢ VJf n omoia eivan kAipoxa tou  ykpilou  xpnoigomOIEiTOn
diovuoponk). H ouvapmon avamapiototan  XPWHOTIK KAPOKD PE PTIAE TIC HIKPOTEPEC
XPWUOTIKG, 600 TIIO PaUPo Eival £va onpeio, THEC KOl KOKKIVO TIC HEYOADTEDEC.

1000 peyaAOTEPN EiVal N TILA TNE GUVAPTONC.

Napomnpote ot n KAion deixver TPOC MV

kate0Buvaon alénong TV TIHWV.
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« V(f+9)=Vf+Vg

= 'ﬂ'{gﬂ = ¢V f o1ov ¢ o oToBepd.

= V(fg) =gVi+ Vg

» H W deipver v katedBuvaon peyiomg avngopas yia ) ouvaptnon §, ko 1o pEtpo g eivan ny
TIOpOyWYoS KOTA KOTEVBUWOT) OF OUTn T MEDBUWTT).

n Ay § kovoviko Sidvoopa (|F] = 1), 1o n ¥ - F sivan n mapaywyog g § omy koredBuvor) §.

m ZTNV EETWON F[t,y,;:} = [} N OMOIO OVaOTMOMOTa I ETIPAVEID OT0 Xwpo, i kixlon §VF
OVOTTOpIOTd T0 KGBeTo (0 ammopoiTTo KovoviKo) SiIdvuopa OF QU TNV EMMpavEND (Gpa To
SIOVUOUO TOU EQOTITOUEVOU ETHITIEGOU OTNV EMIgavEId). To kaBeTo Siovuopa oTnv ETQaVEID

z = f(z,y) civar V(2 — f(=,4)).
» To oroixende epfaso me empovaag Fe, y, £) = 0 siva

?_l.f dedy = tf dedz = —|d|ﬂ‘.:: To oroneiwdeg epfado mg empaven 2 = f(z, y)
[ &y

o o (2E) + ()
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o

Anoxiion

fi(z1, 23, 23)
Av éyoupe o Sunvooparwn ovvipmon Py, oy, 25) = | fale, 2, 2s) | 10 0 andcduon me, eiva o
fs(1,2a,s)
obe T o B = _ i Of 085
faflpwiig ¥ - F = divF ﬂh+h+ﬂq'

Fevika pioviag, 1 anoshior et B 1 fabpod siver fvay ot B folipod (n. 0 Sunwopomkng
owvaptnon BobBpou 1, édwoe Bobpwto Babpoo 0).

H amoxion av epsm BeTikn, onuaivel o oF £V oTorEwsdn oyko, Exoupe nopoywyn tou peyEfoue, Snhodn
myT. Av Eivin apyvnmkr onpoivel om oto otogeuwsdn oyko Eyoups Kommadhwon tow peyEBoug dnhabn

L1ov Tovoo T Ty TpOTHaY (TOV TIIKD TwV TTEPOPOPOCEDY EVOE OTEPEDD CUVEYOLS Omparoc) n anoxkiwon
Beiyver 1) Subykwon tow vhkos of kale vlikd oneio.

1310t TEC
V- (F+G)=V:-F+V:-G
V- (eF) = ¢V - F otav e pio otabepad.
V. (fF)=Vf-F+ fV - Fonou n owwapmon f eivan tavwom evog BaBuod pikpotepou amd
mv F.
Av ¥« F =] 1012 n F eivan eva cwAnvoeidec Sdovuopomed nedio.
Ay P =W § 1012 n BaBpwm) ouvapmon f koheitm Suvapiko.

=4
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o

Zrpofuhopog

Lo orpofvuopd, oe avtibeon pe v khion km my adehuoT], Eivm umoypewTkd oo avebaoprmeg petaimé
va etvin akpifog 3. Avto oupfaiver yiom 0 TEASCTAS £xEL popen mou poal 1 pe 10 EEOTEMKD yIVOPEVD.

fa(2y312)
Av fouge g Sunuoponkn ouvipmon e, g, 2) = | fyle,92) | v o opofiuopsc me, eiva
falz 0, 2) o, 7
13 E |aw

eniong Sunvvopanxn ouwdpmon V X F = rotF = curlF = E “ % - —%4-% . H

L & S ﬁ-%_

optlpuoa pe 10 eETEpIKG yvopevo, napafualsl Toug Kivoves mc Tunmrl:, yhoooag kabog o EheotEg bev
EPEpPOLOVIO GPECT OF CUVEPTIACELS, CAAT PNOWEDEL W PVIHOVIKOE KOVOWIG.

Av umoBéooupe om Pprokopoote of Eva KovoAlL OMOU TREXEL VEPD, OF £V MOAD OUYKEKMUEVD ONUELD, TOTE
v MOAD KOVID OF QUTO 10 ONUED, oha o popur vepod TpEyouy pE tmuma wbiovw pérpou km koenBuvong,
Bev Eyoupe orpofuiopd. Av my. 1o popu mow Epyovem kamed delibtepa ivin Komd T mo ypijyopa and autd
TOU PG EpYOVIM and Kinws apiotepotEpa, 10tE Eyoupe orpofvuopd. [y, pioa oe évo Kokl pE oTpa

par), Ta pOpIa VEPOU KOVIA OT0 TOUE |G KIVOLVTI T apyd ano 0n 010 KEVIPO 1o kavakioo, Adyw tpfng
Avtd onpoivel 0T mapon EXOUPE OTpETR por), EyoupE Emong km otpofitaopd. Kiomed govopevo

orpofiiopon sivin 10 va fyaAoups 1o nopo VO VITIHpa YERATow VEpO.
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H d&wvouopankn ouvapmon  fixy)=(-yx). Avanapaotaon

dev mapouvaalea divec.

ouUVapTNONG

O

oTPOBIAICHO.

otpoPihiopog ¢ wolta pe V x f= 28,

oagwc

omnoio eival éva diavuopa KaBeTo oTo EMiMEdO
mMC EIKOVOC TIPOC TOV OVAYVGOT| HE HPETPO
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s VX (F+G)=VxF+VxG
V % (cF) = ¢V x F otav ¢ o otoepa.

Y x [j"jl’] = V[ x F+ fV x F onouv n ouvaptnon f eivan PoBpwm cuvapmmon ko F
SlOvUaUanKn SiaoToang 3.

VxVxF=V(V-F)—-VF=V(V.-F)-AF
Vx (V] = aniodn o orpofiucpog mc Khiong evog Suvapixol eivm pnGey.
V-(Fx@)=(VxF)-G-F-(Vx0)

Av W x F=10 we n F eiven £va actpoBiio medio.

TeAeotng Laplace (Acmhdg)

0 ﬁkﬂtﬁ:@udupﬂulﬁrﬂm pe A ko wotim pe Af =V - Vf= ?’f Srphabn eivan n ondkAo
TG KARGTIG PO SUVARTIOK,

AELTE EMOTG

= SIpopIKT YEWPETpIO
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[MapamopmnEg

1. «Teheotng avadehto» (hitpdhawww hellenica.de/Math/Telestis/TelestisAnadelta. htmnl) (himl).
www hellenica.de. Avokn@nke ong 24 lovviow 2010.

Avoxtribne:s amd “hitps:i el wikipedia.orgfwindesx. phpPtitles AvaGeAnoLoldid=E319230°
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Conference
programme
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PROCEEDINGS
VPH2012_INTEGRATIVE_APPROACHES_TO_COMPUTATIONAL_BIOMEDICINE
LONDON_CONF_2012.pdf PAIBE88 ( PLEASE USE THE PDF PAGE COUNTER)

In Silico Oncology: a Novel and Explicit Numerical Treatment of the Neumann
Boundary Conditions Imposed by the Skull on a Multiscale Diffusion-Reaction
Model of Glioblastoma Growth. Clinical Validation Aspects.

Georgios S. Stamatakos' and Stavroula Giatili’

'* In Sifico Oncology Group, Laboratory of Microwave and Fibre Optics, Institute of Communication and Computer Systems,
National Technical University of Athens. 9, Troon Polytechniou, Zografos, GR-157 80, Greece.

* Corresponding Author { gestam(m)central. ntua. gr)
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In Silico Oncology: a Novel and Explicit Numerical Treatment of the Neumann
Boundary Conditions Imposed by the Skull on a Multiscale Diffusion-Reaction
Model of Glioblastoma Growth. Clinical Validation Aspects.

Georgios S. Stamatakos" and Stavroula Giatili®

12 In Silico Oncology Group, Laboratory of Microwave and Fibre Optics, Institute of Communication and Computer Systems,
National Technical University of Athens. 9, Iroon Polytechniou, Zografos, GR-157 80, Greece.

* Corresponding Author ( gestam(@central.ntua.gr)

Abstract- Modelling of the diffusive-invasive behaviour of glioma tumour growth is an active field of Virtual
Physiological Human (VPH) research with considerable therapeutic implications. A crucial component of the
corresponding computational problem is the numerical handling of the adiabatic Neumann boundary conditions
imposed by the skull on the diffusive growth of gliomas and in particular glioblastoma multiforme (GBM). In
order to become clinically acceptable such a numerical handling should ensure that no potentially life-
threatening glioma cells disappear artificially due to oversimplifying assumptions applied to the simulated region
boundaries. However, to the best of the authors’ knowledge no explicit numerical treatment of the 3D boundary
conditions under consideration has appeared in the literature. Therefore, this paper aims at providing an outline
of a novel, explicit and thorough numerical solution to this problem. Additionally, a brief exposition of the
numerical solution process for a homogeneous approximation of glioma diffusion-invasion using the Crank —
Nicolson technique in conjunction with the Conjugate Gradient system solver is outlined. The entire
mathematical and numerical treatment is also in principle applicable to mathematically similar physical,
chemical and biological phenomena. A comparison of the numerical solution for the special case of pure
diffusion in the absence of boundary conditions with its analytical counterpart has been made. In silico
experimentation with various adiabatic boundary geometries and non zero net tumour growth rate support the
validity of the corresponding mathematical treatment. Through numerical experimentation on a set of real brain
imaging data, a simulated tumour has shown to satisfy the expected macroscopic behaviour of glioblastoma
multiforme including the adiabatic behaviour of the skull. The expected GBM macroscopic behaviour has been
based on concrete published clinical imaging data. The paper concludes with a number of remarks pertaining to
the potential and the limitations of the diffusion-reaction approach to modelling multiscale malignant tumour
dynamics.
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